DOCUMENT  RESUME 


ED  272  712 


CE  044  811 


TITLE 

INSTITUTION 
PUB  DATE 
NOTE 

PUB  TYPE 


Pest  Management  Specialist  (AFSC  56650} • 

Air  Univ.,  Gunter  AFSr  Ala.  Extension  Course  Inst. 

84 

846p. 

Guides  -  Classroom  Use  -  Materials  (For  Learner) 
(051) 


EDRS  PRICE  MF05/PC34  Plus  Postage. 

DESCRIPTORS  Agricultural  Chemical  Occupations;  ^Agricultural 

Education;   Behavioral  Objectives;  Civil  Engineering; 
^Communicable  Di seases ;  Correspondence  Study; 
*Di sease  Control ;  Entomology;  Envi ronsental 
Standards;  Equipment  Utilization;  Hygiene;  Learning 
Activities;  Military  Personnel;  Military  Training; 
"^Pesticides;   *Pests;  Plant  Pathology;  Postsecondary 
Education ;  Rats;   Safety;   Safety  Eguipaent ; 
Sanitation;   ^Vocational  Education 

IDENTIFIERS  Air  Force;  Military  Curriculum  Materials 

ABSTRACT 

This  eight-volume  student  text  is  designed  for  use  by 
Air  Force  personnel  enrolled  in  a  self-study  extension  course  for 
pest  management  specialists.  Covered  in  the  individual  volumes  are 
civil  engineering;  pest  management   (entomology,  pest  Management 
planning  and  coordination,   and  safety  and  protective  equipment);  pest 
management  chemicals  and  equipment   (pesticides  in  the  environment, 
pesticide  characteristics  and  classification,  and  pesticide  dispersal 
equipment);  disease  vectors  (mosquitoes,  flies,  fleas,  lice,  ticks, 
and  mites);  vertebrate  pests   (rodents,  birds,  and  others);  economic 
pests   (pests  of  stored  products,   structural  pests,  and  ornamental  and 
turf  pests);  household,  venomous,  and  vegetative  pests;  and  general 
contingency  responsibilities   (first  aid  techniques,  field  hygiene  and 
sanitation,   work  party  security,   convoy  techniques,  expedient  field 
water  treatment,   and  vehicle  operation).  Each  volume  in  the  set 
contains  a  series  of  lessons,  exercises  at  the  end  of  each  lesson,  a 
bibliography,  and  answers  to  the  exercises.  Volume  review  exercises 
and  a  change  supplement  for  the  package  are  also  included.  (MN) 


*  Reproductions  supplied  by  EDRS  are  the  best  that  can  be  made  * 

*  from  the  original  document.  * 


EKLC 


PEST  MANAGEMENT  SPECIALIST 
(AFSC  56650) 


BEST  copy  AVMLABLE 


U.S.  DEPARTMENT  OF  EDUCATION 

OHice  of  Educational  Research  and  imprOvemenf 

EDUCATIONAL  RESOURCES  INFORMATION 
CENTER  (cRiD) 

.rjfiis  document   has  been  fep'oduced  as 


receivec;  from  the  person  or  orga  ligation 
originating  it 

Minor  changes  have  been  made  to  improve' 
reproduction  quahly 


•  Pomis  ot  view  or  opinions  stated  m  this  doc u 
ment  do  not  necessarily  represent  offtCiai 
DERI  position  or  policy 


Extension  Course  Institute 
Ai  r  Uni versi  ty 


ECl  COURSE  MATERIALS  SHIPPING  LIST 

:OURSE 

N  U  M  B  E.  W 

cou  RSE  title: 

E  F  F  ETCTI  V  E  DATE 

56650 

PEST  MAN/^EMENT  SPECIALIST 
(AFSC  56650) 

19  May  86 

ISS'l'ltt  \  1  loss       The  following  materials  are  needed  to  complete  this  course.    Check  this  list  inuncdiatrly  upnn  rvccirin^  yimr  cifursM  pachaHf,  and 
tf  Lifiv  miitrrtaU  .irr  niisxinf:  ar  tncnrrrc  t  mumbcrfi  i<nn't  matchK  notify  F.C  I  immediately.    Usr  the  EC  f  Form  17  for  this  purposr,  and  br  sur*.'  to  inclutlr 
\<}ur  iiirnttlictttutn  number,  tuidrtss.  course  and  volume  number,  and  VRh'  for-n  desif!natit»n  (tf  a  X'HEts  tnvahvd )    Send  all  Ci>rr4siH}rnhncr  i^puratclv 
fntni  ytmt  li fr.su •  rr  .s'/i»'rf.  ' 

ITEM  1 

T  Y  pe:  j 

DESIGNATION  OR  TITLE 

INVENTORY  CONTROL 
NUMBER 

VRE  ANSWER 
SHEET 
IDENTIFICATION 

3 

VOL 

VOL  1,  Introduction  to  Civil  Engineering 

56650  O:  8404 

4 

VRE 

VOLUME  REVIEW  EXERCISE  (VOL  1) 

56650  01  27 

56650  01  27 

5 

VOL 

VOL  2,  Introduction  to  Pest  i^lanagenent 

56650  02  8408 

6 

VRE 

VOLUME  REVIEW  EXERCISE  (VOL  2) 

56650  02  22 

56650  02  22 

7 

VOL 

VOL  3,  Pest  Management  Chemicals  and 

X      1 1  L' 

56650  03  8409 

8 

VRE 

9 

VOL 

VOL  A,  Disease  Vectors 

56650  04  8408 

10 

VRE 

VOLUME  REVIEW  EXERCISE  (VOL  4) 

56650  04  22 

56650  04  22 

11 

VOL 

VOL  5,  Economic  Pests 

56650  05  84] 0 

12 

VRE 

VOLUME  REVIEW  EXERCISE  (V^T.  5) 

56650  05  22 

56650  05  22 

13 

VOL 

VOL  6,  Vertebrate  Pests 

56650  06  8'' 

14 

VRE 

VOLUME  REVIEW  EXERCISE  (VOL  6) 

56650  06  22 

56650  06  22 

15 

VOL 

VOL  1 ,  Household  r  Venorous,  and  Vegatative 
Pests 

56650  07  8411 

16 

VRE 

VOLUME  RE\/'IEW  EXERCISE  (VOL  7) 

56650  07  23 

56650  07  23 

17 

VOL 

VOL  8,  General  Ccxitingency  Responsibilities 

56650  08  8105 

18 

^/RE 

VOLUME  REVIEW  EXERCISE  (VOL  8) 

56650  08  21 

56650  08  21 

19 

SUPP 

CHANGE  SUPPLEMENT  (VOi^G  1  through  7) 

NOl'ES:     DIRECT  ANY  QUESTIONS  OR  CCMMENIS 
r<EIATING  TO  ACCUR.^Y  OR  CURRENCY  OF  TEXTUAL 
.MATERIALS  TO  AUTO/CN  736-2072  • 

56650  00  SOI.  8510 

'.SKf  UhVf  ltSh:  S!l)H  FOU  AUUmONAL  INSTHUCTIONS 

ECl     j^^^^      25  PREVIOUSEDITION  WILL  BE  USED. 


ERIC 


Page  1  of  3 


LIST  OF  CHANGES 

56650 

(  AUJ.l  K    rn.l.DS,    POLK  II  S.    IM<(K  I.DI  RI  S    AM)    !  (,)ril'Ml  N  I    (IIASC.I  AISO. 
1  KROKS  (XX.ASlONAI.IA*  (,M  INK)  I'UINI.    IMi.  F  <  )I.I.<  )VMN( ,  I  I  IMS  I  I'OA  I  i  ANM 
(ORRl:CI  ^ULK  COURSl.  MAILRIALS.    PI  l.ASi:  MAKL  rUI    INDK  A  I  I  I )       A \< ,  i:  S. 

NOTE:  PLEASE  MAKE  THE  CCPRBCTICNS  INDICATED  BELOW,  THESE  CORRECTIONS  MAY  OMIT  SCME  ERRORS, 
SUCH  AS  TYPOS,  THAT  DO  NOT  AFFECT  THE  MEANING  OF  THE  MATERIAL. 


1.  CHANGE  FOR  THE  TEXT:     VOLUME  1 

Page  42,  Exercises  (028)-2:    Change  "figure  3-4"  to  "figures  3-3  and  3-4." 

2.  CHANGE  FOR  THE  TEXT:     VOLUME  2 

Page  119,  .:07-l:    Change  "Mallcphaga;  chewing  lice"  to  "^iph^-nptera. " 

3.  CHANGES  FOR  THE  TEXT:     VOLUME  3 

a.     Page  33 ^  Exercises  429-1. d:    Change  "75"  to  "175." 

Page  42,  col  1,  line  22:    Change  "wihin"  to  "within." 

c.  Pagn  55,  Exercises  (440)-4:    Change  "an  aerosol  iDcrnb"  to  "a  pressurized  cylLndor." 

d.  Page  69,  answer  435-1.(5):    Change  "f,  j."  to  "j,  q." 

4.  CHANGE  FOR  THE  TEXT:     VOLUME  6 

Page  21,  Exercises  (A09)-2:  Change  "traps  for  .  .  .  mice?"  to  "snap  traps  for  cc^trolling 
white-footed  mice  near  buildings?" 

5.  CHANGES  FCR  THE  TEXT:     VOLUME  8 

a.  Page  11,  Exercises  (E07)-l.d:  Delete. 

b.  Page  104,  answer  E07-l.(5)e:  Delete. 

6.  CHANGE  FOR  THE  V  Jl  ;  ^  REVIEW  EXERCISE:     VOLUME  1 

The  following  questions  are  no  longer  scored  and  ne*^  not  be  an'^wered 
1,  16  and  27. 

7.  CHANGE  FOR  THE  VOLUME  REVIEW  EXERCISE:     VOLUME  2 
Question  100  is  no  longer  scored  and  need  not  be  answered. 

8.  CHANGES  FOR  *IHE  VOLUME  REVIEW  EXERCISE:     VOLUME  3 

a.  Page  5,  question  35:    In  the  stann  of  the  question,  change  "dinitto"  to  "dinitro." 

b.  Question  64  is  no  longer  scored  and  need  not  be  answered. 

9.  CliANGE  FOR  THE  VOLUME  REVIEW  EXERCISE:     VOLUME  4 
Question  79  is  no  longer  scored  and  need  not  be  answered. 


LIST  OF  CHANGES 

56650 

(ARLi.R  ni:i.i)s.  I'oi  K.iLs,  i»K(k:l:i>uri.s  and  lqi  ii'mi  ni  c  manci..    ai  s(j. 

LRRORS  (X.C.ASIONALI.V  GLT  INTO  PRINT.   'VWl:  TOI  loVVINC  1  11. MS  I  I'DAII.  AND 

(  oRRi.ci-  voL'K  coi  Rsi:  mati:riai-S.      l:asi:  makl  rm  wim  aitdc  hanc.l  s. 

L»  rCCTIVL   OATL  OF 

19  May  86 

10.     CHAiSlGE  FOR  THE  VOLUME  REVIEW  EXERCISE:     VOLUME  5 


Question  29  is  no  longer  scored  and  need  not  be  ansv^;ered. 
11.     CHANGE  FOR  IHE  VOLUME  REVIEW  EXERCISE:     VOLUME  6 

The  following  questions  are  no  longer  scored  and  need  not  be  answered: 
3  and  24* 


Page  3  of  3 


56650  00  SOI  8510 


CHANGE  SUPPLEMENT 


CDC  56650 


Pest  Management  Specialist 


IMPORTANT:  Make  the  corrections  indicated  in  this  supplement  before  beginning  study 
of  Volumes  1,  2,  3,  4,  5,  6,  and  7.  This  supplement  contains  both  * 'pen-and-ink"  changes 
and  replacement  pages.  Tear  out  the  replacement  pages  and  insert  them  in  your  volumes. 
In  order  to  reduce  your  posting  time,  we  have  omitted  from  the  pen-and-ink  section  some 
errors  that  do  not  affect  the  meaning  of  the  material. 


(AFSC  56650) 


Volumes  1,  2,  3,  4,  5,  6,  and  7 


ERIC 


Extension  Course  Institute 
Air  University 

6 


CHANGES  FOR  THE  TEXT:  VOLUME  1 
Pen-and-ink  Changes: 


Pijf*eiCol 

I5L 
30L 
42L 
46L 


Subject 


001  -  1 


Lme(s) 
"> 

6 

1  fr  hot 


Correciion 

Change  **or"  to  **of." 

Change  **epoxy"  to  **herbicide." 

Change  **2"  to  **3." 

Change  answer  to  read  **you  should  have  placed  CE  beside 
items  2,  3,  5,  6,  7,  8,  and9." 


^  {.anges: 

Remove  Pages 

1-2 
17-18 

21-22 
43-44 
47-48 


Insert  Pages 

1-2 

17-18 

21-22 

43-44 

47-48 


EKLC 


7 


CHAPTER  1 


Specialty  Requirements  and  Organizational 

Assignments 


MAINTAINING  Air  Force  property  is  a  very  important  job. 
Just  as  your  home  will  deteriorate  if  you  don't  keep  it 
properly  maintained  and  repaired,  so  will  Air  Force 
buildings  and  structures. 

The  Air  Force  owns  a  vast  amount  of  real  estate. 
Consider  the  size  of  your  base  in  comparison  to  several  of 
the  largest  industries  in  your  area;  then  think  of  how  many 
bases  the  Air  Force  operates.  It's  hard  to  comprehend,  isn't 
it?  But  you  can  see  that  Air  Force  holdings,  in  keeping  with 
its  mission,  are  tremendous. 

Equally  tremendous  is  the  cost  of  operating,  maintaining, 
and  replacing  Air  Force  property.  Yet,  Government  funds, 
like  your  personal  funds,  are  limited;  and  the  costs  of 
materials  and  equipment  go  up  every  year.  As  a  result,  it's 
vital  that  you  use  Air  Force  resources  wisely  and  carefully. 
Don't  waste  time  or  materials,  learn  your  job  well  so  you 
can  operate  more  efficiently,  and  cooperate  with  other 
workers  where  you're  assigned.  When  we  all  work  together 
towards  common  goals,  we  make  Air  Force  money  work 
harder  for  America's  defense  and  its  taxpayers. 

In  this  chapter,  we'll  discuss  the  base  civil  engineering 
organizational  structure,  its  mission,  and  your  duties  and 
responsibilities  as  a  pest  manager. 

1-1.  Base     Civil     Engineering  Organizational 
Structure 

The  base  civil  engineering  organization  is  commanded 
by  the  base  civil  engineer  (BCE).  This  person  is  responsible 
for  all  the  work  performed  by  civil  engineering  (CE).  The 
job  includes  getting  maximum  efficiency  for  each  dollar 
spent  while  attaining  planned  objectives.  This  means  that 
human  resources,  material  resources,  and  financial 
resources  must  be  used  as  effectively  as  possible  to  meet  the 
organization's  goals. 

Civil  engineering  is  a  large,  complex  organization  with 
many  jobs  going   n  at  the  same  time.  The  BCE  uses  m^ny 
managers  to  h  '    ao       ^  Jne  of  these  .agt 

he  sanitati  .antcndeiu.   Inis  person  is  in  charge  of 

the  56  cari      'cld  of  which  you  are  a  part.  Your  job  as  a 
pest  manat,w,. ......  specialist  is  extremely  important  as  the 

health  of  base  personnel  depends  to  a  large  extent  on  how 
well  you  do  your  job.  Buildings  can  be  eaten,  infested,  and 
become  unusable  if  you  aren't  there  to  control  pests  such  as 
termites,  rats,  fleas,  roaches,  and  stored-products  pests. 

Before  getting  an  indepth  look  at  your  job  tasks,  let's 
look  at  the  mission  of  a  civil  engineering  organization. 

001.  Identify  activities  relative  to  the  mission  of  a  civil 
engineering  organization. 

Base  Civil  Engineering  Mission.  The  mission  of  Civil 


Engineering  is  to  provide  the  necessary  assets  and  skilled 
personnel  to  prepare  and  sustain  global  installations  as 
stationary  platforms  for  projecting  aerospace  power  in 
peace  and  war. 

The  dual  mission  of  war  readiness  and  a  set  sustenance  is 
accomplished  with  .in  integrated  military  and  civilian  work 
force  capable  of  rapid  transition  between  missions. 

Civil  Engineering  supports  the  mission  and  each 
installation  by  working  to  accomplish  the  following  vital 
tasks: 

(1)  Insure  readiness. 

(2)  Provide  real  property. 

(3)  Sustain  real  property. 

(4)  Provide  utility  services. 

(5)  Establish  the  physical  environment. 

(6)  Provide  fire  protection. 

(7)  Provide  nonreal  property. 

(8)  Provide  technical  and  management  services. 

There  are  many  duties  involved  in  accomplishing  the  CE 
mission.  Just  a  few  of  them  are  to: 

a.  Manage  Air  Force  real  property. 

b.  Provide  utilities. 

c.  Maintain  and  repair  structures  and  equipment. 

d.  Provide  custodial,  sanitation,  and  pest  management 
services. 

e.  Provide  fire  protection  and  rescue  services. 

/.  Recover  from  damage  to  facilities  from  any  cause 
inclutiing  decontamination  due  to  chemical,  biological,  or 
radiological  incidents  or  attacks. 

g.  Manage  the  Prime  Base  Engineer  Emergency  Forces 
(Prime  BEEF)  Program  as  required. 

h.  Accomplish  disaster  preparedness  actions  and  provide 
assistance  in  disasters  according  to  the  AF  355  series  of 
directives. 

/.  Report  through  the  Air  Force  Operational  Reporting 
Sys  m  (AF^  -11  i  stailitton  iamage,  assistance,  and 
},      n^re      -  w  ;o  rccovci  <iir  bases. 

wide  environmental  protection, 
^unserve  natural  resources. 
/.  Construct  and  alter  structures. 

Even  though  CE  must  provide  utilities  to  al)  base 
facilities  and  then  keep  these  utilities  in  good  repair,  CE 
doesn't  operate  everything  on  the  base.  For  example,  CE 
doesn't  operate  clubs,  dining  halls,  aircraft,  missiles,  etc. 

Exercises  (001): 

Look  at  the  following  activities  and  place  CE  to  the  left  of 
each  item  that  directly  applies  to  the  CE  mission. 

  1.  Fueling  aircraft. 


1 
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2.  Managing  Air  Force  real  property. 

3.  Managing  the  Prime  BEEF  Program, 

4.  Operating  the  NCO  Club. 

5.  Accomplishing  disaster  preparedness  actions. 

6.  Building  structures. 

7.  Repairing  roofs  on  aircraft  hangars. 

8.  Providing  custodial  services. 

9.  Providing  environmental  protection. 
10.  Operating  dining  hp 


CE  Units 


Command  Block  Above  Unit 


(5)  Equipment  operations, 

(6)  Fire  protection. 

(7)  Real  estate  cost  accounting, 

(8)  Squadron  section  (Sq  Sec), 

(9)  Masonry. 
(10)  Structural 


002.  Indicate  to  what  command  block  various  C£  units 
belong. 

Civil  Engineering  Organizational  Chart.  Figure  1<1 
shows  the  structure  of  CE.  Study  the  chart  in  order  to  learn 
the  levels  of  command  throughout  the  organization.  At  the 
very  top  of  the  chain  of  command  is  the  base  civil  engineer. 
He  or  she  is  ultimately  responsible  for  anything  that  goes 
wrong  in  CE. 

As  President  Truman  said,  ''The  buck  stops  here." 
Passing  the  buck  in  CE  will  eventually  stop  at  the  BCE. 
You  well  know  that  an  Air  Force  person  should  go  through 
the  chain  of  command.  If  you  skip  a  link  in  the  chain,  things 
start  to  go  wrong.  As  another  saying  goes,  a  chain  is  no 
stronger  than  its  weakest  link.  The  lines  on  the  chart  in 
figure  1-1  represent  the  chain  in  the  CE  structure.  The 
blocks  represent  an  office,  shop,  or  unit  in  which  a  manager 
or  supervisor  is  in  control.  Spot  the  pest  management  block 
on  the  chart.  Notice  that  it  is  the  same  level  as  pavements, 
protective  coating,  and  heat  systems  blocks.  The  chain  of 
command  line  for  pest  management  and  environmental 
support  goes  through  the  sanitation  block.  As  you  will  see 
later  in  the  career  field  chart,  the  sanitation  superintendent 
is  in  control  of  all  the  units  below  him.  The  protective 
coating  and  plumbing  blocks  are  under  the  command  of 
structures  as  is  masonry  and  metal  working. 

As  you  follow  the  command  line  upwards,  you  see  that 
the  next  command  in  the  rhain  is  '^>oerati  vns.  The  .inci 
operations  is  r^^.^  'ruy<^     '     c;^ivii:>    ni  su^       LcnJ^  it.  Fro,. . 
<  "^^r^ti*>P'  '^ix  ^^rnmc  '    ne  goc:*  up  the  chain  to  the  civil 
cng>^  ■    '-^  can  sec  from  figure  1-1,  the  BCE  holds 

the  cm  1  ol  .,j^rations  responsible  for  all  the  CE  shops. 
Work  control  is  not  in  a  direct  command  line  to  the  shops.  It 
works  in  a  staff  function  to  help  the  operations  chief.  From 
this  example,  you  should  be  able  to  trace  the  command  line 
through  the  various  units.  See  if  you  can. 

Exercises  (002)): 

1.  Refer  to  figure  1-1  and  answer  the  following  questions 
for  each  of  the  CE  units  listed.  ^Vhat  is  the  command 
block  immediately  above  the  lisied  unit? 

CE  Units  Command  Block  Above  Unit 

(1)  Heat  systems.   

(2)  Custodial  services.   

(3)  Planning.   

(4)  Mechanical   —  

4  2 


003.  Identify  functions  and  responsibilities  of  CE  units. 

The  base  civil  engineer  needs  a  number  of  CE  units  to 
help  perform  his  or  her  mission  and  responsibilities.  The 
job  entails  even  more  than  that  of  a  mayor  or  city  manager 
in  a  large  city.  Although  the  mayor  is  responsible  for 
providing  the  city  with  fire  prevention  equipment,  police 
protection,  gjut)age  and  refuse  collection  and  disposal,  and 
furnishing  utility  services,  the  BCE  must  do  all  these  thin^ 
plus: 

a.  Maintain  real  property  facilities  in  a  condition  for 
normal  use. 

b.  Conserve  natural  resources  and  control  environmental 
pollution. 

c.  Furnish  insect  and  rodent  control  services. 

d.  Construct  and  alter  facilities  to  support  mission 
changes. 

e.  Provide  management  and  professional  engineering 
services  to  insure  effective  and  economical  operation  of  all 
activities.  . 

These  activities  are  broad  in  scope.  Let's  look  at  the  CE  " 
units  which  help  the  BCE  perform  this  mission  and  also 
break  down  these  broad  areas  into  narrower  areas  of 
activities. 

Functions  and  Responsibilities  of  CE  Units.  As  we 

look  into  these  individual  sections,  refer  to  O^nrc  ^  ^  to 
help  you  understand  their  mutual  relator i  j 

Squadron  and  adminisiration.  V'  m  handles  the 
administmlive  and  personnel  wc,  )f  CE.  The 
administrative  section  receive^,  distribute.,  and  dispatches 
all  communications  for  -:E;  prepares  reports  and 
correspondence;  maintains  correspondence  files;  maintains 
the  CE  library;  conducts  special  programs,  such  as  fund 
drives  and  awards,  and  maintains  the  records. 

The  squadron  section  takes  personnel  actions  delegated 
by  the  squadron  commander.  Some  of  these  duties  include 
counseling,  maintaining  duty  rosters,  conducting  general 
military  training  and  commander's  call,  and  enforcing 
discipline. 

Industrial  engineering  (IE)*  This  unit  provides 
consulting  services  aimed  at  increasing  productivity  and 
improving  use  of  Ce  resources.  It  does  this  not  only  for  the 
BCE  but  for  all  levels  of  management  and  labor  as  well, 
acting  as  a  problem  solver.  Subject  areas  for  IE  studies 
include  bench  stock,  the  BCE  taxi  syst  inservice  work 
plans  (IWP),  supply  expenditures  aria  aiscipline,  service 
calls,  and  vehicles. 

There  are  other  areas  of  IE  responsibility  that  apply  more  i 
direcdy  to  your  job  as  a  pest  manager.  If  your  organization  ^ 
has  an  automated  management  system,  IE  implements  it; 


EKLC 


BCfc^  REAL  PROPERTY  MAINTENANCE  REQUEST 

(ThiM  form  u  aubjtct  to  the  PriiXKy  Ad  of 
1974 — Mr  revert) 

U«a  to  tdcnilfy  routio*  nnainC«nanca  or  rapair  raqulramanit  that  ara  noi 
an  amaroancv  or  urgani  In  naiura.  Prapara  and  forward  Original  and  Ona 
copy  to  8CE  for  aach  facility  on  whkih  work  it  raqu««tad.   K««p  tha 
iMt  copy  for  your  flla. 

TO:  8«t«  Civil  EnginMri'>9 

FROM:    (Name.  Grade,  and  OrganUation) 

RETURN  TO:   (Office  Symbol) 

ORGANIZATION 

coot. 

«.  FACII-ITY  NO.  Olt  MFM  STRKKT  AOOPtKSS 

2.   PMONC  NUMSCPt(S) 

3.  ocscitirTiON  or  WORK  PtCQumcMKNTS        (A  thorough  detcriptzon  of  maintenance  reqweme^Ke)  wiU  irw- 
mile  the  need  for  CE  personnel  to  ttiait  the  job  Bile  to  determine  what  UH}rk  i$  requetted  and  what  tooU,  equipment,  and 
materiaU  are  needed,  thereby  completing  the  work  on  the  firtt  aUempL  Answer  the$e  que*tion$:  Whatf  Where f  Sow  many? 
Type/tixef  Colorf  RateT  Urgencyf  Time  rettrictionMr) 

FOR  CE  USE  ONLY 

9.  OATE  PtCCKIVCO 

to.  ACTION 

§  • 

4.  OATC  or  RCOUCST 


S.  itCVlKW/ACTION  BY 
CUSYOMCIt  SCRVICC 


SIGHATURK  Or  RKQUKSTOR 

 /^-r^  /^^t#>^ 

OATK  1/  «IG^ 


«.  RCVIKW/ACTION  BY  CHICr 
••ROOUCTION  CONTROI- 


A.  rUNCTION/INOIVlOUAI- 


B.  ACTION  RCQUIRCO 


ASSIGNKO  rOR  ACTIOh 


SIGNATURE 


CUSTOMER  NOTiriEO 


AF,%Vr,  1135 


PREVIOUS  EOITION  Wli-C  SE  USEO. 


RLE  COPY 


ERIC 


Figure  2-2.  Sample  of  AF  Form  1 135. 
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this  type  of  work  are  repairing  a  screen  door  on  MFH, 
replaeing  eraeked  tloor  tiles  in  a  buildinvj.  and  repairing  a 
leaky  cold  water  faucet  in  a  latrine. 

Serx'ice  calls.  The  service  call  method  of  requesting 
work  is  used  for  emergency  and  urgent  job  orders. 
Examples  of  emergencies  are: 

a.  Loss  of  steam  in  a  steam-heated  building. 

b.  Water  Hooding  the  tloor  in  a  kitchen. 

c.  Water  pressure  failure  in  military  tamily  housing. 

d.  Electrical  power  failure,  in  a  facility. 

e.  Clogged  plumbing  in  a  latrine- 
/.  Leak  in  a  natural  gas  line. 

g.  A  window  knocked  out  in  subzero  weather. 

When  situations  similar  to  the  above  occur,  the  service 
call  is  used  to  correct  them.  Under  the  service  call  concept, 
BCE  uses  two  ways  to  meet  emergency  needs:  the  do-it- 
now  (DIN)  service  call  and  the  shop  referred  service  call. 

Do'it-now  (DIN)  service  calls.  If  you  must  call  the 
service  call  specialist  (SCS)  in  CE  regarding  an  emergency 
situation,  such  as  a  stuck  latrine  valve,  the  service  call 
specialist  will  notify  a  DIN  plumber  by  two-way  radio  and 
dispatch  him  or  her  to  your  location.  The  DIN  plumber,  like 
other  shop  workers,  has  a  DIN  vehicle  stocked  with  parts, 
tools,  and  equipment  needed  to  perform  service  call  work. 

The  goal  of  service  call  management  is  to  get  the  job 
done  right  the  first  time  and  every  time.  You  should  expect 
the  DIN  plumber  to  unstick  the  latrine  valve  and  perfonn 
maintenance  on  it  so  that  it  will  not  stick  again.  CE  expects 
DIN  workers  to  complete  the  job  on  the  first  trip  to  the  job 


site.  To  do  this,  the  SCS  must  get  all  the  information 
necessarv*  to  clearly  describe  the  job  to  the  worker.  The  SCS 
must  be  courteous  but  must  find  out  if  a  danger  exists;  what 
the  problem  consists  of:  when,  where,  and  how  it  iiappened; 
make,  type,  size,  or  color;  urgency  of  need:  and  any  time 
restrictions.  Although  there  is  not  a  time  established  for 
DIN  calls,  it  is  essential  that  the  DIN  capability  be  kept  as 
mobile  as  possible. 

Shop  referred  service  calls.  A  service  call  can  be 
referred  to  a  shop  only  with  coordination  through  the  PCC. 
A  ser\'ice  call  would  be  referred  to  a  shop  for  completion  if 
it  meets  ac  least  one  of  the  following  conditions: 

a.  If  the  work  appears  to  be  beyond  the  DIN  capability. 

b.  If  the  DIN  craftsman  is  unable  to  complete  the  work. 

c.  If  the  work  would  require  more  than  a  easonable  time 
to  be  completed  by  the  DIN  craftsman.  (  <o{  limited  to  one 
hour  but  should  not  be  tied  up  for  several  hours. ) 

For  any  service  call  refened  to  the  shop,  the  service  call 
specialist  prepares  an  AF  Form  1879,  BCE  Job  Order 
Recording.  2-3). 

Exercises  (010): 

For  each  of  the  following  written  requests  for  work, 
indicatt^  whether  it  should  be  submitted  on  AF  Form  332  or 
AF  Form  1135.  Write  the  correct  form  number  in  the 
appropriate  blank. 

 1.    Request   BCE  to  repair  floor  tile  in  MFH 

quarters. 


FACIUTV  HO. 


ACTiVITV  OR  STREHT  ADORESS 


NAME  AND  GRADE  OF  REQUESTOR 


jTIME 


JOB  OROCft'NO. 


rnONE  NO./ ALTERNATE      COt-UCCTION  WORK  ORDER  NO. 


SERVICE  REQUIRED 


NO. 

EMERGENCY 

SMART 

URGENT 

M  FH 

ROUTINE 

MC 

WORK   ID  CODE 


CSTIMATCD    TOTAL  TIME 


REQUIRED    COMPLETION  DATE 


ESTIMATED   COMPLETION  DATE 


CREW  S4ZE 


ACTUAL    TOTAL  TIME 


AREA/FACIUTV  WHERE  X>B  IS  UCKTATED 


REMARKS  {Tools,  equip,  materials,  special 
craftsman  multi-shop  notes,  etc.) 


DANGEROUS  CONDITIONS  EXISTING  (tf  nny) 


RE^RiCTiONS  (time,  entry,  security) 


flAKE  OF  EQUIP^^ENT 


ASSIGNED  TO 


REFERRED 
TO 


DEFERRED 
TO 


TVPC/S*2E  OF  |TE^ 


COMPUETED  BY 


COMPtXl^EO  BY  DATE 


DATE  TIME 


04SVOSITI0N 


COUOR  OF  ITEM 


AUTHORIZED 


AF 


IgyQ        PREVIOUS  EDITION  IB  OBSOL.ETC. 


BCE  JOB  ORDER  RECORD 


Figure  2-3.  AFFomnI879. 
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BCE  MULTI-CRAFT  JOB  ORDER 

OB  ORDER  NO. 

COST  CENTCR 

COt-LKCriON  WORK  ORDER  NO.  ' 

'ACIt-ITY  NO.  O 

ATE  PREPARED 

NAME  or  iNSPCCTOft 

USING  AGENCY  1 

nOIVIOuaL  to  contact  (Name  and  Phont  NoJ 

WORK  DESCRIPTION 

LOCATION 

MATERIALS 
ITEM 

QNTY 

WO  R  K  1 
ID  1 
CODE 

M/HR  . 
EST. 

1 

:raft 

NCOM> 
PLETE 
WORK 

1 

AC     FORM       lOiO  PREVIOUS  COITION  OF  MAY  7a  WIUU  SC  USeO. 


Figure  2-5 .  AF  Form  1 2 1 9 . 

21  7 

EMC  ^2 


QUALITY  CONTROL  EVALUATION 


JOB  ORDKR/WOltK  OftDCft  NUMBER 


Thia  QU€9 tionnairt  ii  dftigntd  tn  improve  Cii  i/  L'tgmcenno  atrvict  to  you.   Antwr  all  Qu««rioni  ond  place  in  bate  tii$tnbution. 


TO. 


BASl  COMMANOER 
BAS&  CIVIL  ENGINEER 
In  Turn 


DATC  SKRVICK 
COMPLCTKD 


OUTV  »|. 


iCypt  OF  WORnCft 


QUESTIONNAIRE  (h-xplam  alt  no  antwrm) 


■  ASK  CIVIL  CNCINCER  FERSOr 


4ELWCRE  COURTEOUS. 


a.   BASK  CIV^L.  ENCINCCR  RCS^NSC  WAS  TIMCLV. 


>.    RECEIVED  ADCQUATK  NOTIFICATION  A«  TO  WHEN  TMK  WORKER  WOUL.D  ARRIVK-   (If  <^plicobl9i 


YES 


NO 


4.   WORK2R  UTIL.IZCD  TIME  EFFICIENTL.V- 


JOB  WAS  CCMFLCTCa. 


•  r  NOT.  WERE  VOU  GIVEN  AN  ESTIMATED  COMPLETION  DATE  TOR  THE  JOB? 


7.   WORK  WAS  PERFORMED  S  A  TIS  F  ACTO  R  S  t.  V  . 


JOB  SITE  WAS  CLEANED  'JF  AFTER  COMFLCTIOf< 


CUSTOMER'S  SIONATURE 


FORM 

AP    NOV  7«   IZO  FRCVtOUS  EDITION  WILL  BE  USCn. 


OU.S.  0«v«?nm«nt  Mlntl<t«  Off  Im:  1tai->240*«7«/«1> 


Figure  2-^.  A F  Form  1255. 


012.  Given  necessary  information,  make  appropriate 
entries  on  AF  Form  1255,  Quality  Control  Evaluation. 

Monitoring  Customer  Satisfaction.  What  is  the  first 
thing  you  should  do  when  you  arrive  at  a  new  job  site? 
Pump  up  your  sprayer?  Survey  the  area?  Actually,  you 
should  give  your  customer  an  AF  Form  1255,  Quality 
Control  Evaluation  (fig.  2-6). 

The  purpose  of  this  form  is  simple.  It's  to  motivate  you  to 
give  timely  and  quality  service  to  BCE  customers  It's  also 
a  management  tool  used  to  improve  customer  relations  and 
your  productivity.  This  form  says  to  your  customers  that 
you  care  about  your  work  and  so  does  the  BCE.  By  giving 
your  customer  this  form  at  the  beginning  of  the  job,  he  or 
she  knows  on  what  to  evaluate  you  as  you  do  4.he  work. 

There  are  some  entries  you  should  make  on  this  form 
before  you  hand  it  over,  none  of  them  having  to  do  with  the 
worker's  good  looks  and  charm.  Specifically,  you  should 
include: 

a.  Job  or  work  order  number. 

b.  Description  of  the  service  requested. 

c.  Facility  number. 

d.  Your  name. 

e.  Your  duty  section. 


After  your  customer  completes  the  form  send  it  to  the 
base  commander  and  then  the  BCE.  Each  month,  IE  gives 
the  BCE  statistics  for  all  CE  shops  regarding  notable 
evaluations  (both  good  and  bad).  Operations 
superintendents  and  supervisors  also  get  the  results  through 
the  chief  of  operations. 

Exercises  (012): 

1.   Use  figure  2-6  to  complete  this  exercise.  Use  the 
following  information  to  complete  the  parts  of  AF 
Form  1255  you  are  responsible  for  as  a  worker. 
Job  order  number:  5826. 
Customer  name:  SSgt  Hipsley. 
Building  number:  1927. 

Work  requested:  control  rodents  in  basement. 
Action  taken:  placed  glue  traps  in  basement. 
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AHR  0  9       30  luly  19B2 


NufnboT 

Date 

Rqn 

606 

Feb  7  4 

LA 

607 

)an  80 

TG 

6U8 

)uii  7  1 

ST 

I  010 

Nov  79 

CD 

611 

Nov  7  7 

cs 

612 

Nov  7  7 

cs 

613 

Nov  7  7 

cs 

614 

Oct  71 

CD 

614a 

May  71 

CD 

613 

Aug  80 

CS 

616 

AuR  81 

CS 

617 

Aug  80 

CS 

B  618 

Mar  79 

ST 

I  620 

•  )iin  82 

CS 

621 

Dec  54 

cs 

I  623 

May  76 

KI. 

623u 

Mar  79 

ci> 

I  1:24 

Dec  79 

CO 

625 

Apr  77 

cs 

626 

Oct  80 

cs 

627 

fan  72 

ST 

628 

Uiic  81 

ST 

629 

•  Nov  1 

CD 

030b 

Dec  62 

CS 

631 

Nov  68 

ST 

633 

Aug  80 

CS 

•  634 

Feb  fiZ 

CS 

•I  fi35 

May  82 

636 

Dec  7 1 

cs 

637 

|ul  80 

cs 

638 

Mar  68 

cs 

639 

Nov  64 

cs 

64U 

May  60 

C5 

641-4 

May  63 

ST 

642 

Sep  HI 

ST 

643 
R  644 

646 
B  647 

64  H 

649 

650 
I  651 

652 

I  653 

I  654 

I  fi55 

I  656 

I  656 

I  657 

1  fi58 

S  659 
6 59 PA 
660 
662 
663 
666 
667 


Unit  of  AIK  KORCK  ( AK)  FORMS 

Tith 

ADPE  Tape  Identification 
Weapons  Systems  Pouch  Tag 

Nicknaire  Assignment/Change/Claiicellation  Rtvqui?st 
Change  of  Addrf»s?;'-'Ct)rri'spon '<r»Hs/Puh!isht*rs 
Average  TrainingCost  PerCraduate 
Variable  Training  Cx>st  Per  Crnduato 
SAP  TiainingCost  Per  Student 
Charge  Out  Record 
CharRe  Out  Record  (3''  x  5-1/4") 

Unit  Watercraft  Operations  ami  Cost  Suinniary  K^^po^^ 
Request  and  Authority  lo  Cite  Funds 
Unit  Watercraft  Maintenance  Summary  Report 
Medical  Board  Report 
Colonel  Resume 

Report  of  Annual  Financial  Plan  (LRAI 
On-Tho-Iob  Training  Record 

On-The-Job  Training  R€H:ord — Continuation  Sh^M^^ 
Base/Unit  Locator  and  PSC  Directory 

Analysis  of  Unobligated  Balances  (Used  by  AFLC:  uul  AFSConly) 
(LI^A) 

f'and  Receipt  for  LendingCloset  Hems 

Application  for  Registration  or  Certification  of  Official  Mail 
Diet  Instruction  Evaluation  Checklist  and  Authorization 
.^mall  Arms  Hand  Receipt 

Material  Procurement  P.ogram  Control  Pl^^n  (LRA) 
Report  of  Separation  from  United  States  Air  Force  Acacfemy  (S&I 

HQ  USAF/MPPA.  Wash  DC  20330) 
Managerial  Potential  Assessment  (MPA) 
USAF  Fraud.  Waste,  and  Abuse  Data  Collection 
USAF  Fraud,  Waste,  and  Abuse  Disclosure 
B3500  Systems  Change  Release  (LRA) 
BCE  lob  Order  Lor 

Refrip;eration  Unit  Standard  Temperature  Chart 
Averate  Unit  Operating  Cost  Worksheet  (For  use  tnily  by  hidustri- 
ally  Funded  Laundry  &  Dry  CleaningOperations  &  MAICOMs 
hnving  jurisdiction.) 
Base  Civil  Engineer  Schedule  of  Costs 
Position  Survey 

Air  Fiirce  Achievement  Medal  and  Air  Force  Commendatum  Medal 
Iustifii:ation 

•  Niiv  81    CD      •  Audio  Visual  Equipment  C:ontrol  and  U.se  Record 
Sep  HO    C:S         Record  of  Dental  Attendance 

)ui  79    CS       •US  Air  Force  Pest  Management  Program  Review  (LRA) 
Dec  69    CD         Donation  of  Body  Parts  for  Transplantation  Purposes 
Aug  70    CS         Certificate  of  Cost  Incurred  (LRA) 
)ui  75    CS         Verification  of  Long  Distanci?  Telephone  Calls 
/an  75    CS         Health  Benefits  Control  Register  (By  Enrollment  Cotle)(LRAl 
A  jr7B    cs         Hazardous  Air  Traffic  Report  (HATR) 
Oi'A  HO    ST         Request  for  Loan  of  Master  Personnel  Record  (S&I.  HQ 

AFMPC/MPCDOP.  Randolph  AFB  TX  78150) 
)ul  76    CD         Flight  Currency  Record  (Aero  C:lub)(PA) 
|nii  76    CD         PIF/Safety/ Annual  C:urreni:y  Record  (Aero  c:iuh)(PAl 
Oct  79    ST         Clothing  Request  and  Ret;eipt  — Female 
Oct  79    ST         C:lothing  Request  and  Receipt  — Male 

Oct  79    CS         Clothing  Request  and  Ret  eipt— M.tle  (S&U.  AFROIC  Maxwell) 
Mar  78    CIS         Personal  Clothing  Record  -Ff^male  Airmen  (Air  Forco  Reserve  and 
Air  National  Cuard) 

Mar  78    CS         Personal  Clothing  Record— Male  Airmen  (Air  Ftirce  Reserve  and 

Air  National  Cuard 
Dec  70    CS         Personal  Clothing  Claim 
Sep  75    CS         PersonalC:lolhing  C:laini  (f-RA) 

Inn  67    CD         Daily  Labor  Time  Card 

lul  81    CS         Food  Service  Production  Log 
Nov  76    CS         KecortI  of  Daily  Salt's 

Ian  74    CS         Certification  of  Charge  Sales  Ai  cepted  by  the  Fin.nu:»^  ( )ff  it  er 
Dec  64    CS         Inventory  Report 


f'lUU. 

Coih 

Dinu.tixt* 

SM/IB 

2310 

AFR  300-6 

Tc; 

4710 

AFR  1W2-2 

ST 

5020 

AI  R  205-1 

CD 

47  10 

AFR  1B2-1 

CS 

2140 

AFR  173-7 

CS 

;<ii  -10 

AFR  173-7 

CS 

2140 

AFR  1  7;}-7 

CI) 

4  7  30 

AFM  12-20 

CI) 

4730 

AFM  12^0 

cs 

.MR  rr>  ri» 

cs 

1H00 

AFR  177-101 

c:s 

4300 

AKR  75-5H 

ST 

ri4H0 

AJ  k  lliH-4 

cs 

mo 

A»-*R  3ti  23 

cs 

2110 

AFM  172-1V2 

KL 

Titno 

AFM  50-2  3 

c:s 

5filO 

AFM  50-2  3 

CD 

4  700 

AFR  11  24 

cs 

2110 

AFM  172-1 

c:s 

1200 

AFR  211-24 

CF/650 

4  730 

AFR  1H2  2 

ST 

54H3 

AFR  lti8^4 

SH/5 

5050 

AFK  125-37 

CS 

4100 

AFP  401-1 

ST 

5622 

AFR  53-3 

CS 

0960 

AFR40-110V1 

CS 

4900 

AFR  123-2 

cs 

4900 

AFR  123-2 

cs 

2360 

AFM  171-1 10V7 

cs 

3900 

AFR  85-1 

cs 

3600 

AFR  145-1 

cs 

1700 

AFR  170-10 

4000 

cs 

1700 

AFM  170-27 

ST 

0940 

AFR  40-51  1 

ST 

0710 

AFR  900-4H 

CI) 

2510 

•AFR  95-2  V3 

cs 

54  50 

AFR  ir.2-1 

c:s 

3930 

AFR  91-21 

CD 

5400 

AFR  160-12 

cs 

1700 

AFM  170.2  7 

c:s 

4510 

AFM  100-22 

c:s 

iHi:i 

AFR  17  7-104 

c:s 

49U0 

AFR  12  7-3 

ST 

11  SO 

AFR  31-4 

CD 

c.n 

ST 

sr 

CF 

c:s 

( .s 

cs 
cs 
hx 
cs 
cs 
cs 
cs 


1240 
1210 
4240 
424  0 
-4240 
4230 


AFR  215-12 
AFR  215-12 
AFM  ti7-lV1 
AFM  ti7-lVl 
AFM  tj7-1 
AFM  67-1  VI 


4  230  AFMti7-lVl 


42  iO 
42JO 
1  700 
:UiOO 
•4230 
4230 
■4220 


AFM  ti7-l 
AFM  ti7  1 
AFM  1  70-27 
AFK  146-7 
AFM  Ii7-1  VI 
AFM  (17-lVl 
AFM  t»7-l 


BEG -554 


Figure  3-3.  Sample  page  from  AFR  0-9. 
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SHORT  TITUE  AND  DATE 

AF  Form  646 


(PRESS   HARD  WHEN   USING   PALL  POINT  PEN) 


TO: 


PDO  1234A 
Bldg  117 


rrCM  ARK5 


UN  IT  OF  RON 

cs 


SVMOOU 


FROM: 


900  IV 

Bldg  1927,  Stop  43 


REQUISITION 


REQUIREMENT 


FOR  FORMS  USE  ONLY 


MONTHUY  USAGt: 

25 


FORM  764«  PREVIOUS  EDITION  WIL.I.  BE  USED 
DEC  83 


Figure  3-4.  Sample,  AF  Form  764a. 


EMERGENCY 


ON  HAND 

5 


ONE  TIME 


PE  RESPONSE 


roUUOW  UP/TRACER 


MISSED  SHORT  ID 


REQUIREMENT: 


OTHER  (Specify) 


DATE  PREPARED     17     ApT  85 


SIGNATURE  AND  TITLE 


RON  AMD  RQMT  REQUEST 


possible  intelligence  value  to  the  enemies  of  our  countr>'; 
but  many  US  citizens  do  just  that,  merely  by  talking  too 
much.  So,  never  discuss  your  duties,  the  place  where  you 
work,  or  the  equipment  you  operate. 

029.  Specify  basic  facts  about  the  operational  security 
(OPSEC)  program  and  its  relationship  to  other  security 
programs. 

Definition  and  Purpose  of  OPSEC.  OPSEC  is  a 
program  that  surveys  and  identifies  items  of  information 
and  physical  security  that  are  of  intelligence  value  to  an 
enemy.  Items  of  information  include  unclassified  small  bits 
of  information  that  lend  themselves  to  revealing 
information  concerning  the  what  and  how  of  actions  to  take 
place.  Breaks  in  regular  routines  and  new  routines  are 
examples.  The  types  of  information  that  should  be 
protected  are  subjects  such  as: 

•  Objective  of  the  mission. 

•  Location  of  operations. 

•  Date  and  ti^ne  of  the  actions. 

•  Types  and  number  of  forces  involved. 

•  Amounts  and  types  of  weapon  systems  and  equipment 
used. 

•  Limitations  of  resources. 

•  Method  of  employment  of  troops  and  equipment . 

The  purpose  of  OPSEC  is  to  prevent  the  disclosure  of  all 
information,  including  bits  of  information,  that  contain 
intelligence  value,  which  can  be  used  by  the  enemy  to 
reduce  the  effectiveness  of  an  operation.  We  must  protect 
knowledge  of  our  plans  concerning  a  mission  so  that  our 
side  will  have  the  advantage  of  surprise. 

Relationship  of  OPSEC  to  Other  Security  Programs. 
Operations  security,  communication  security,  information 


security,  and  physical  security  are  closely  related  to  each 
other.  Each  of  these  four  programs  supports  the  others. 
However,  OPSEC  has  broade;  applications  in  that  it  seeks 
to  protect  bits  of  unclassified  information  as  well  as  that 
which  is  classified.  It  makes  little  sense  to  protect  an 
operation  by  classifying  some  parts  of  it  or  to  expand 
COMSEC  resources  protecting  information  about  it  when 
unclassified  conversations,  stereotyped  procedures,  and 
other  readily  available  data  could  provide  an  enemy  with 
the  intelligence  needed  to  predict  an  operation.  An  effective 
OPSEC  program  will  eliminate  or  control  many  of  the 
sources  of  intelligence . 

Exercises  (029): 

1.   What  does  OPSEC  do? 


2.   List  three  types  of  information  that  should  be  protected 
under  the  OPSEC  concept. 


3.  What  is  the  main  difference  between  OPSEC  and  other 
security  programs? 
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higurc  A-1 .  Objective  012.  exercise  1. 
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Figure  A-2,  Objective  013.  exercise  6. 
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11 


To  pnwjdc  a  unifonn  reporting  system  and  lo  idcniify  direct 
labor  ct>N(  uguinsl  work  orders. 
ATA  andUTA 
AF  Form  17.^4. 

Handprmtcd  on  AF  Form  1734  below  the  first  group  of  names. 
BCE 

The  director  of  base  medical  services. 
The  iiiajor  command. 

They  mu.st  be  currently  licensed  and  certified  personnel. 

Comfied  Air  Force  personnel. 

bnvininmem. 

(1)  r 

(2)  e 

(3)  c. 

(4)  c 

(5)  a. 

(6)  c 

(7)  d 

(8)  d 

(9)  c. 

(10)  h 

(11)  r 
(12>  d. 

\•^^T  icmptvary  custixly  of  an  item. 
24  hours. 

To  make  a  visual  check  (o  see  if  property  i.sted  on  paf>cr  is 
actually  there. 

Obeying  a  set  of  rules  necessary  tc  conserve  and  protect  Air 

Kirco  cquipmcni  :ind  supplies. 

( I )  AF  e^uipmcnt  musl  be  opcralional. 

i2)  AtlcquuK-  'iupplics  in  good  condiuon  mujt  be  on  hand. 

Use  equipment   und   supplies  only   for  their  intended 

purpt^scs. 

I'll  Safeguard  equipment  and  supplies. 
(5i  Keep  accurate  records 
a  4 
b  3 
c  I 

d      I  arid  : 
\ 

h's  Ihc  I  able  ol  allowances. 

X 

X 

X 

X 

.\. 

TAs  do  this 

The  ba-jk  ot  the  form  and  AFR  67-23. 

Any  two  of  the  following  apply:  to  incix;asc  or  decrease 

equipment  authorization,  to  order  new  equipment  items,  or  to 

turn  Ml  or  icplaee  old  equipment. 

Nomenclature .  unit  of  issue,  and  the  number  ordered. 

U  s  used  by  the  planning  section  to  order  materials  needed  to 

t-omplete  work  orders. 

Materiel  control. 
TheNSN. 

The  item  was  made  in  furkey. 

TiH*!  kii.  general  mechanic \s.  51 RO-OO- 177-7033. 
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026 
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1. 
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3. 
4. 
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024 
024 
024 
024 
024 

023  -  I 


025  -  5 


I 

2 
3 
4 
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027  -  I 


2. 
3. 


028  -  1 . 

028  -  2. 

029  -  1. 
029 

020 
030 


-  2. 


-  3. 


AFK  19-1. 

National  Environmental  Policy  Act. 

HQ  USAF.  each  major  command,  and  each  base. 

Air  Force  policy  is  to  comply  with  the  nature  and  spirit  of 

national  policy  and  support  and  assist  Federal.  State,  and  local 

agencies  in  preventive  pollution  control . 

False.  Buy  rct\imable  bottles. 

False.  Don't  buy  unnccessaiy  electrical  devices. 

True. 

True. 

True. 

True. 

True. 

False.  Dark  walls  absorb  light. 
False.  A  small  engine  uses  less  fuel. 
True. 


CHAPTER  3 


It  states  policies,  responsibilities,  and  procedures  for  pest 
management  at  AF  installations. 
A  telephone  maintenance  truck. 

All  personnel  engaged  in  mixing  and  applying  pesticid'is. 
When  ground  pest  management  measures  fail,  are  not  practical, 
or  not  possible. 
AFT^  91-22. 

Mobile  Airfield  Marking  Team. 

Military  Entomology  Operational  Handbook. 

Maintenance  and  Repair  of  Roofs. 

AFM  91-19. 

AFR  91-30. 

AFR  91-38. 

a.  Average  Training  Cost  Per  Graduate. 

b.  BCE  Job  Order  Log. 

c.  Small  Amis  Hand  Receipt. 

d.  AF  Form  614. 

e.  AF  Form  640. 

f-  AF  Form  657. 
May  1976. 
AFR  123-2. 

Short  title  and  date  of  the  form  needed,  unit  of  requisition,  how 
many  you  normally  use  each  month,  how  many  are  on  hand, 
and  how  many  you  want  to  requisition. 

a.  July  79  is  written  in  the  same  block  as  AF  Form  646. 

b.  Place  the  number  4  under  REQUISITION. 

h  is  used  to  survey  and  identify  items  of  information  and 
physical  security  that  are  of  intelligence  value  to  the  enerry. 
Any  three  of  the  following  apply:  mission  objectives,  iocation 
^f  operations,  date  and  time  of  the  actions,  and  types  and 
numbers  of  forces  involved. 

OPSEC  has  broader  applications  in  that  it  seeks  to  protect  bits 
of  unclassified  information  as  well  as  that  which  is  classified. 


1 ,    All  spaces  should  be  marked  with  an  X. 
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CHANGES  FOR  THE  TEXT:  VOLUME  2 
Pen>and-Ink  Changes: 


Page-Col  Subject  Line(s) 

3L  l3frbot 
5R  Fig.  I- 1 

2 

7L  25 

7  fr  bot 

7R  Fig.  1-3 

8L  1^ 

16 

9L  1 5  fr  bot 

lOL  Fig.  1-6 

12R  22frbot 

13  Fig.  1-13 

14  Fig.  1-14 

14L  4 

15  Fig.  1-15 

16L  26 

18L  206 -l.b 

22L  12 

24L  209  -  1 

209  -  1  (3) 

27R  6  fr  bot 

36R  12 
39R  29 


Corredion 

Change  '*order'*  to  '^orders/' 

Add    ^XReproduced    coiiiiosy    of    Harvest  Publishir.g 
Company*  Cleveland,  Ohio).** 

Change  ^'024^*  to  **204,** 

Change  **distrubed**  to  **distiirbed. ' * 

Change  **many'*  lo  **Many/* 

Add    '^(Reproduced    courtesy    of    Harvest  Publishing 
Company,  Cleveland,  Ohio),** 

Change  **Inset**  to  *  Insect.** 

Add  *****  after  * 'Insect  body/'  At  bottom  of  column  add 
footnote  ***  Adaptfid  from  Scientific  Guide  to  Pest  Control 
Operations.  3rd  ed.,  by  Lee  C.  Truman,  Ph.D.  et  al.  1976, 
c.  Harvest  Publishing  Company,  pp.  15-19.  Reprinted  by 
pennission  of  the  publisher.** 

Change  **that**  to  ** which.** 

Add  (Reproduced  courtesy  of  Harvest  Publishing 
Company,  (Cleveland,  Ohio).** 

Change  **MALLOPHAGE**  to  **MALLOPHAGA.** 

Add  **(Reproduced  courtesy  of  Harvest  Publishing 
Company,  (Cleveland,  Ohio).** 

Add  * '(Reproduced  courtesy  of  Harvest  Publishing 
Company,  Cleveland,  Ohio).*' 

Change  **flis**  to  **flies.*' 

Add  **(Reproduced  courtesy  of  Harvest  Publishing 
Company,  Cleveland,  Ohio).** 

Change  "sheath,  wing"  to  "sheath-wing." 

Change  **glattened**  to  '^flattened.*' 

Change  **The**  to  According  to  the  Scientific  Guide  to 
Pest  Control  Operations,  the.** 

Change  Column  B  entries  to  read  as  follows: 
'*a.  Trachea. 

b.  Ganglion. 

c.  Spiracles. 

d.  Proventriculus. 

e.  Malpighian  tubules, 

f.  Ostia/* 

Change  *'nerv**  to  **nerve.** 

Change  communicable  disease  center**  to  Communi- 
cable Disease  Center.'* 

After  **are"  change  '\  ,  ,  ,  and'*  to  **1,  2,  3,  4  and  5.*' 
Change    card, board**  to  cardboard.** 
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13 


44  R 


Subject 


lM\cis) 

29 


46R 
51L 


51R 

52L 

53R 

64L 

64R 

71 

73L 

80R 

86L 

87R 

88R 
94R 


I'll  -  l.c 


Fig.  2-29 


98L 
102R 
106L 
121L 


251-1  (3) 

228-  5 

229-  5 


Page  Changes: 

Remove  Pages 
57--60 


11 
16 

22  fr  hot 

27  ;r  jot 

28  fr  bot 
20  fr  bot 
6 

20 
16 

22-23 
Col  39 
5 

2  fr  bot 

22 

23 

7  fr  bot 

26 

13 


15  fr  bot 

19 

3 

1 

11 
13 
26 


Insert  Pages 
57-60 


Correction 

Before  'Thcromones*'  add  '^*/'  At  bottom  of  column  add 
footnote  '"-^Passage  on  pheromones  adapted  from  Pest 
Control  Magazine,  Februar>'  1982,  'Theromones/'  by 
David  K.  Mueller.  Reprinted  by  permission  of  the 
publisher/' 

Change  ''summary^"  to  '  management/' 
Change  'M532(enr'  to  ^M532-l/' 
Change  ''Tpopography"  to  ''Topography." 
Delete  ''Bl/' 

Change  ''aerosols**  to  '*they/' 

After  ''insects"  add  a  comma. 

Change  "has*'  to  "have.** 

Delete  "susceptible.'' 

Change  '*systematic"  to  "systemic.*' 

After  "S30."  add  sentence  "Labor  costs  were  S 227. 00.  ** 

Delete  "in  conducting  surveys." 

Change  '*N"  to  '*S." 

Change  '*w"  to  '*2." 

Delete  "(see  fig.  3-1)." 

Change  "Matach"  to  "Match." 

Change  "a"  to  "if." 

Change  "fo"  to  "of.*'  • 

Change  "of**  to  "or.*' 

Before  "Surplus*'  add  '**.*'  At  bottom  of  column  add 
footnote  "*  Adapted  from  Scientific  Guide  to  Pest  Control 
Operations,  3rd  ed.,  by  Lee  C.  Truman,  Ph.D.,  et  al.  1976, 
c.  Harvest  Publishing  Company,  p.  72.  Reprinted  by 
permission  of  the  publisher.'* 

Change  "provides*'  to  "provided." 

Change  "unevaported*'  to  "unevaporated.  ** 

Change  "herbicide"  to  "herbicides.'* 

After  "Installation*'  change  "Bryan**  to  '*Bayou.*' 

Change  "AVDJO"  to  "AVDJ0.'* 

Change  "SNOP20'*  to  "SNOP20," 

Delete  "on.*' 

Change  "1*'  to  "0"  and  "0"  to  "4." 
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When  requesting  initial  certification  lor  an  individual, 
the  body  of  the  letter  should  contain  the  following 
information: 

a.  Category  of  certification  requested. 

h.  Name  of  an  individual,  rank/grade,  and  social  security 
number. 

(\  Training  accomplishments  and  length  of  time 
perfonned  in  the  career  field. 

This  letter  should  be  signed  by  the  base  civil  engineer, 
and  copies  of  recent  training  certificate^  related  to  pest 
management  received  by  the  individual  should  be 
forwarded  as  attachments  with  the  letter. 

Reccrtit'ication  cf  individuals  who  presently  hold  a 
certificate  of  competency  is  required  every  3  years  if 
performing  in  either  of  the  capacities  outlined. 

Requests  for  recertification  are  prepared  and  processed  in 
the  same  manners  as  for  certification,  with  only  the 
contents  of  the  letter  body  whanged  to  provide  the  following 
information: 

( 1 )  Category  of  certification  requested. 

(2)  Name  of  individual  (last — first  name — middle 
initial). 

(3)  Rank, 

(4)  Social  security  number. 

(5)  Present  certification  number  and  expiration  date. 

(6)  Recent  career  field  training  accomplishments. 

Upon  receipt  of  certification  or  recertification  request, 
the  major  command  pest  management  professional  will 
approve  or  disapprove  the  request.  If  the  request  is 
approved  on  its  own  mefits,  a  certificate  of  competency  will 
be  forwarded  to  the  individual;  however,  if  the  certifying 
official  needs  further  justification,  instructions  identifying 
additional  actions  to  be  taken  will  be  forwarded. 

When  certification  is  approved,  the  person  being 
certified  will  receive  DD  Form  1826  and  DD  Form  1826-1, 
a  "pixTket  copy**  of  the  diploma.  The  individual  must  keep 
this  small  card  with  him  or  her  at  all  times  when  pest 
management  operations  are  being  conducted. 

A  roster  listing  each  certified  individual,  certification 
number,  and  expiration  date  must  be  maintained  within 
civil  engineering  to  act  as  a  reminder  and  to  identify 
certified  individuals  to  other  concerned  individuals. 

Exercises  (226): 


4.   When  an  individual  is  thought  to  be  properly  prepared 
for  certification,  what  is  the  first  action  to  he  taken? 


5.   List  the  information  that  must  be  provided  to  request 
initial  certification. 


227.  Cite  the  purpose^  use,  and  dispositson  of  DD  Form 
1532-1,  Pest  Management  Maintenance  Record,  and 
make  necessary  entries  on  the  form  based  on  a  given 
situation. 

DD  Form  1532-1,  Pest  Management  Maintenance 
Record,  Air  Force  Regulation  91-21  requires  you  to 
maintain  this  form  (fig.  2-25A  and  2-25B)  for  each  facility 
and  area  you  treat  to  control  pests.  The  main  purpose  of  this 
card  is  to  help  you  maintain  a  complete  record  of  all  pest 
problems  and  the  procedures  used  to  deal  with  those 
problems,  whether  you  use  chemical  or  other  control 
techniques.  In  effect,  it  gives  you  a  pest  management 
history  of  the  area  or  facility.  This,  in  turn,  helps  you  make 
adjustments  to  your  control  program  as  needed. 
Additionally,  the  form  lets  you  identify  people  who 
previously  worked  at  the  location  and  saves  you  the  trouble 
of  producing  local  forms  or  logbooks,  which  serve  the  same 
purpose.  Workers  should  lake  the  cards  with  them  and 
make  necessary  entries  after  control  measures  are 
conducted. 

Filling  out  the  card  is  very  simple,  but  there  is  one 
**glitch."  When  you  indicate  the  amount  of  pesticide,  it 
must  be  recorded  in  dry  ounces  of  active  ingredient  rounded 
off  to  the  nearest  whole  number  (for  a  large  area,  you  can 
list  it  in  dry  pounds).  Refer  to  table  2-1  to  see  how  to 
convert  pesticide  amounts  to  dry  ounces. 

When  you've  completed  both  sides  of  this  form,  start  a 
new  one  by  transcribing  the  information  from  the  top  four 
blocks  of  the  old  form  to  the  new  one.  You  can  plan  on  the 
old  cards  being  around  for  a  long  time  on  most  buildings 
since  you  must  keep  them  until  2  years  after  the  treated 
building  is  destroyed. 

Exercises  (227): 


1.  What   individuals   must   possess   DD  Form  1826, 

Certificate  of  Competency?  1-   What  is  the  mam  purpose  of  DD  Form  15.32-1? 


2.   How  often  must  individuals  who  disperse  pesticides  be        2.   When  should  entries  be  made  on  the  form? 
recertified? 


3,  What  is  the  purpose  of  DD  Form  1 826?  3.  When  can  completed  cards  be  destroyed? 
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TABLE  2-1 

CONVERTING  UQIJID  PESTICroE  AMOUNTS  TO  DRY  OUNCES 


Situation: 

Other  Necessary  Facts: 
Working  the  Problem: 


You're  working  with  a  pesticidal  concentrate  containing 
4  pounds  active  ingredient  (AI)  per  gallon.    You  dilute 
It  to  field  strength  by  adding  2.5  ounces  of  concentrate 
to  one  gallon  of  water. 

There  are  128  fluid  ounces  in  a  gallon  of  water.  There  are 
16  dry  ounces  In  a  pound. 

Since  the  concentrate  has  4  pounds  AI  per  gallon: 


1?§£_1  16  dry  ounces  x  4  lbs  1  gal  «  64  dry  ounces  ♦per  128 

fluid  ounces. 

♦  "per"  always  means  "divide",  therefore: 

Step  2  64  dry  ounces  divided  by  128  fluid  ounces^  ,5  dry  ounces 

per  fluid  ounce. 

Since  you  added  2.5  fluid  ounces  of  concentrate  to  the 
water: 

Step  3             2.5  fluid  ounces  x  .5  dry  ounces  per  fluid  ounce  ^  1.25 
dry  ounces.   

Step  4             Round  off  to  the  nearest  whole  ounce  1.0  dry  ounces  entered 
on  OD  Form  1532-1.  


4.  Refer  to  figure  2-25A  and  make  further  entries  on  the 
form  using  the  following  information: 

On  22  March  84.  you  receive  a  call  from  MSgt  Michael  M,  Kelley  in 
the  administration  section  in  Building  1624.  Since  you  treaied  all  the 
other  rooms,  his  area  was  invaded  with  coclaotcbes  and  he  wants 
them  controlled.  You  returned  to  the  building  the  next  day  and»  as 
you  surveyed  the  section,  you  noticed  a  coffee  pot  area  that  was 
poorly  maintained  and  workers  routinely  kept  candy  and  other 
foodstuffs  in  their  desks.  After  you  explained  the  need  for  higher 
sanitation  standards »  you  used  two  gallons  (3  dry  ounces)  of 
Diazinon  EC.  Your  total  labor  time  was  I  hour.  (Check  your  entries 
with  those  in  the  answer  section.) 


228.  State  the  purpose,  use,  and  dlspoaition  of  DD  Form 
1070  and  determine  necessary  entries  on  the  form  based 
on  a  given  situation. 

DD  Form  1070,  Termite  and  Wood  Decay  Inspection. 

A  DD  Form  1070  must  be  maintained  for  each  facility  that 
is  constructed  completely  or  partially  of  wood  on  all 
Federal  installations.  This  includes  virtually  all  facilities, 
regardless  of  preventive  measures  used  in  the  construction.  * 
Purpose.  Each  facility  that  is  constructed  completely  or 
partly  of  wood  must  be  inspected  for  signs  indicating  the 
presence  of  structural  pests  and  conditions  witliin  and 
around  the  facility  that  would  be  conducive  to  structural 
pests.  These  inspections  must  be  accomplished  no  less  often 
than  annually  for  each  facility  and  should  be  inspected  at 
least  semiannually.  This  form  serves  as  a  recoid  of  these 
inspections  and  provides  information  pertaining  to  building 
conditions  and  actions  taken. 


Completion  procedures.  The  DD  Form  1070  is  shown  in 
figure  2-26  with  entries  provided  to  illustrate  its  use.  This 
foma  is  not  difficult  to  fill  out,  but  you  must  insure  that  the 
entries  made  on  the  form  indicate  true  conditions  found 
during  the  inspection  of  the  facility.  You  must  also  insure 
that  recommendations  are  annotated  correctly,  and  when 
recommendations  or  other  actions  have  been  accomplished, 
the  form  must  be  annotated  to  reflect  these  actions. 

Looking  at  figure  2-26,  you  wOl  notice  that  the  top 
portion  is  used  to  identify  the  number,  type,  and  location  of 
the  facility;  the  date  of  the  inspection;  and  the  inspector's 
name.  If  you  happen  to  be  the  inspector,  you  are 
responsible  for  the  information  entered  or  not  entered  on 
this  form;  therefore,  the  true  conditions  found  inside, 
outside,  and  beneath  a  facility  must  be  accurately  and 
completely  recorded. 

Part  I  is  used  to  indicate  conditions  within  and  around  the 
facility  that  are  conducive  to  structural  pests*  infestotions. 
As  an  example,  Xs  have  been  placed  in  this  part  to  identify 
the  conditions  found  during  an  inspection  conducted  on  a 
facility,  and  an  additional  comment  has  been  entered  in  the 
block  identified  as  "other. 

Part  n  is  used  to  identify  the  location  where  structural 
pests  are  actually  found  during  the  time  of  the  inspection.  If 
you  will  observe,  no  Xs  have  been  placed  in  any  of  the 
blocks  in  this  part,  which  indicates  there  were  no  stmctural 
pests  present  at  th    inic  the  inspection  was  conducted. 

Parts  III  and  iV  are  used  to  identify  the  type  of  termite 
and  fiingi,  respectively,  found  during  the  inspection.  Since 
there  were  no  termites  or  fungi  observed,  no  entries  were 
made  in  any  of  the  blocks  in  either  of  these  parts. 
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Preface 


THIS  THIRD  VOLUME  of  CDC  56650,  Pest  Management  Specialist,  conuiins  information 
on  pesticides  in  the  envirorunent;  pesticide  classification,  characteristics,  and  diluting;  and 
pest  management  equipment. 

In  Chapter  1 ,  Pesticides  in  the  Enviionment,  you  'U  loam  about  the  impact  pesticides  have  on 
our  environmeut,  how  you  can  work  to  reduce  this  mipact,  and  pest  resistance  and  tolerance 
to  pesticides. 

Chapter  2,  Pesticide  Classification,  Characteristics,  and  Diluting,  discusses  a  wide  variety 
of  pesticides.  The  list  inchides  insecticides,  nxienticides,  herbicides,  and  fungicides  for  plant 
diseases. 

In  Chapter  3,  Pesticide  Dispersal  Equipment,  we'll  discuss  types  and  uses  of  equipment, 
its  operation,  and  maintenance  and  calibration. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  conmiodity,  or  service  in  the 
publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the  Air 
Force. 

This  volume  is  rated  at  33  hours  (1 1  jxjints). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  April  1984. 
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BODY  LOUSE  AND  HEAD  LOlic,L   i  rco.cuiuc,  hlmanu'.  ^ 


addomcn  Shorter  wiTh  ha<p» 
proclsses  laterally 


CRAB  LOUSE      t  PTH1RUS  pubis  > 


Figure  4- 1 .  Species  of  lice . 


629.  Identify  given  statements  pertaining  to  louse 
characteristics  as  applying  to  the  head  louse,  body 
louse,  or  both. 

Head  and  Body  Lice.  The  body  louse  {Pediculus 
humanus  humanK  ")  and  head  louse  (Pediciilus  humanus 
capitis)  are  very  similar  to  each  other  physiologically, 
but  they  differ  morphologically  in  size,  proportion,  and 
color.  They  also  differ  biologically  in  habits,  one  form 
living  on  the  head  and  neck  and  the  other  on  the  body. 

Adult  identification.  The  adult  body  louse  is  ^  *o  4 
millirncleib  iong,  greyish  white  in  color,  and  is  generally 
10  to  20  percent  larger  than  the  head  louse.  The  head 
louse  is  1  to  2  millimeters  long  and  is  greyish  white  with 
dark  margins^ 

Habitat.  Adults  and  nymphs  of  head  lice  are  found  in 
the  hair  and  on  the  scalp;  they  tend  to  be  most  prevalent 
on  the  back  of  the  neck  and  behind  the  ears.  They  aren  s 
known  to  infest  eyebrows  or  eyelashes. 

Although  as  many  as  1,000  body  lice  have  been 
removed  from  the  undergarments  of  one  person,  it  is 
more  typical  to  find  less  than  10  lice  per  person.  Most  of 
the  lice  are  on  the  inner  surface  of  the  clothing,  next  to 
the  skin.  Females  tend  to  congregate  along  seams  for  egg 
laying.  Some  adults  may  migrate  away  from  the  skin  to 
the  outer  garments  and  to  other  people.  Head  and  body 
lice  can  move  fairly  rapidly  and  will  pass  from  host  to 
host,  or  from  host  to  bedding,  by  simple  contact. 

It  is  difficult  to  find  human  lice  and  crab  lice  away 
from  humans.  Beds  occupied  every  night  by  unsanitary 
individuals  have  a  greater  chance  of  being  infested.  If 
unoccupied  for  several  nights,  they  tend  to  be  free  of 
lice.  Head  and  body  lice  may  be  acquired  by  personal 
contact  and  by  putting  on  infested  garments.  Head  lice 
may  be  acquired  by  contact  with  upholstered  chairs  and 
by  using  infested  brushes  and  combs.  Hairs  with  eggs 
attached  may  be  blown  about.  Lice  tend  to  leave  a 
feverish  patient  and  seek  other  hosts. 
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Habits.  Those  lico  depend  upon  hinnan  hicHnl  as  a 
means  of  life.  I'hcy  suck  Moch!  tor  Ic^ng  periods  of  time » 
hut  they  don*t  orditiarily  hecc^nie  engorged.  SiMiie 
individual  lice  feed  too  avidly,  causing  ruplurc  ol  their 
digestive  system,  and  succumb  because  of  their  greed. 
During  feeding,  dark  led  feces  may  he  deposited  on  the 
skin. 

When  ready  to  feed,  the  louse  anchors  its  mouth  to  the 
skin,  stabs  an  opening  through  the  skin,  pours  saliva  into 
the  wound,  and  pumps  blood  from  the  injury  into  the 
digestive  system  by  means  of  the  phar>'ncal  pump. 

The  body  louse  remains  attached  to  clothing  fibers  and 
bends  over  to  iced  while  the  head  louse  simply  remains 
attached  to  body  hairs. 

Entomologists  may  disagree  with  one  another  on  a 
number  of  issues  but  one  in  which  there  is  no 
disagreement  is  that  lice,  including  pubic  lice,  do  not 
jump  or  fly 

The  question  of  whether  head  lice  can  jump  or  fly  may 
have  arisen  because  static  electricity  generated  by 
combing  the  hair  can  cause  them  to  be  suddenly  repelled 
from  the  comb.  It  is  essential  to  di.spcl  the  notion  that 
lice  can  jump  or  fly  in  order  to  focus  attention  on  the  fact 
that  lice  are  transmitted  principally  through  contacts 
with  an  infested  person  or  to  a  lesser  extent  with  fomitcs 
(infested  objects). 

The  possibility  exists  that  lice  could  be  blown  about 
by  wind,  but  this  is  remote.  There  arc  also  rare  instances 
where  lice  from  humans  were  found  on  insects,  but 
insects  as  a  means  of  transferring  lice  from  person  to 
person  cannot  be  realistically  regarded  as  any  more  than 
a  ver>'  infrequent  possibility. 

(Lice  habits  information  adapted  from  Scientific 
Guide  lo  Pest  Control  Operations,  3rd  ed.  Reprinted  by 
pennission  of  the  publisher.) 

Egg  laying.  Mating  occurs  frequently  and  at  any  time 
in  the  adult*s  life,  from  the  first  10  hours  to  old  age. 
Eggs  are  laid  24  to  48  hours  later,  depending  upon 
temperature  conditions.  Eggs  are  cemented  on  head  hairs 
by  head  lice  or  on  the  underclothing  by  body  lice.  If  the 
human  is  relatively  nude,  as  in  some  tropical  a   as,  lice 
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Figxire  4-2.  Life  cycle  of  a  head  louse. 
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may  infest  beads  and  necklaces.  BcKly  lice  may  deposit  9 
or  10  eggs  per  day  and  a  total  of  270  to  300  eggs  in  a 
lifetime.  Head  lice  are  less  prolific^  depositing  about  4 
eggs  per  day  for  a  total  of  about  88  days  in  a  lifetime. 
The  hatching  of  eggs  is  greatly  reduced  or  completely 
prevented  by  exposure  to  temperatures  about  100°  F.  or 
lower  than  IS""  F. 

Nymph  development.  After  emerging  from  the  egg, 
the  louse  nymph  molts  three  times  before  becoming  a 
sexually  mature  adult.  Therefore »  there  are  three 
nymphal  instars,  differing  from  each  other  by  the 
increased  length  of  the  abdomen  as  development 
progresses.  The  nymphal  stages  require  8  to  9  days  for 
lice  remaining  in  contact  with  the  human  body,  but  may 
take  2  to  4  weeks  when  the  clothing  is  removed  at  night. 
If  the  clothes  aren't  worn  for  several  days,  all  lice  will 
usually  succumb.  The  total  life  cycle  of  head  and  body 
lice  may  be  completed  in  about  18  days. 

Exercises  (629): 

1.  Match  columns  A  and  B.  Column  B  items  are  used 
more  than  once. 

Column  A  Column  B 

  (1)    Thr?  adult  louse  is  about  2  a.   Head  lice. 

to  4  millimeters  long  and  b.   Body  lice. 

greyish  white.  c.  Both. 
  (2)    The  adult  louse  is  1  to  2 

millimeters  long  and  is 

greyish  white  with  dark 

margins. 

  (3)    Are  not  known  to  infect 

eyebrows  or  eyelashes. 

  (4)    Can  move  fairly  rapidly 

from  host  to  host  by  sim- 
ple contact. 

  (5)  May  be  acquired  by  put- 
ting on  infected  garments. 

  (6)    Female  lays  eggs  along 

clothing  seams. 

  (7)    Tend   to   leave  feverish 

patients  and  seek  other 
hosts. 

  (8)    May  deposit  9  or  10  eggs 

per  day. 

  (9)    May  deposit  4  eggs  per 

day. 

  (10)  The      nymphal  stage 

requires  8  or  9  days  when 
remaining  in  contact  with 
the  human  body. 

630.  Cite  information  regarding  the  basic 
characteristics  of  crab  lice* 

Characteristics  of  Crab  Lice*  Crab  lice  (Pthirus 
pubis)  are  small  (0.8  to  1.0  nun),  greyish-white  insects 
with  a  short  abdomen  bearing  hairy  lateral  tufts  and  large 
second  and  third  pairs  of  legs  that  give  them  a  crablike 
appearance  (fig.  4-1). 

These  insects  are  most  commonly  found  on  hairs  in 
the  pubic  areas,  but  they  may  be  found  on  hairy  areas  of 
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the  chest  and  armpits.  Infestations  of  the  eyebrows  and 
eyelashes  are  frequently  reported.  Crab  lice  on  the 
eyebrows  feed  in  a  very  localized  area  and  cause 
hemorrhages  in  the  skin  which  result  in  a  bluish  pigment 
directly  above  the  eyebrows. 

The  life  cycle  of  the  crab  louse  is  similar  to  that  of  the 
head  and  body  lice.  The  eggs  are  glued  to  hairs  but  are 
smaller  than  the  body  louse  eggs. 

There  are  three  nymphal  stages.  In  a  few  sf)ecimen 
that  were  carefully  studied,  it  took  13  to  17  days  for 
them  to  become  adults.  Adult  life  lasts  less  than  a 
month.  All  stages  are  more  sedentary  than  those  of  head 
or  body  lice.  They  lend  to  settle  down  at  one  spot» 
grasping  hairs  with  the  legs  of  both  sides  of  the  body, 
inserting  the  mouthparts,  and  taking  blood  intermittently 
for  many  hours  at  a  time.  The  legs  are  adapted  for 
grasping  large  hairs,  and,  in  the  position  adopted,  the 
adult  prefers  hairs  widely  spaced  (compared  with  the 
dense  hairs  of  the  head).  This  may  partly  explain  the 
distribution  of  the  crab  louse,  which  is  found  most 
commonly  on  the  hair  in  the  pubic  and  anal  areas.  This 
insect  survives  only  a  short  time  away  from  the  host. 

Crab  lice  are  spread  chiefly  by  sexual  contact,  but 
they  may  be  acquired  by  other  means,  such  as  infested 
toilet  seats  and  beds  (rare),  and  by  close  personal 
contact.  Many  authorities  believe  that  there  has  been  a 
resurgence  in  the  number  of  cases  of  crab  louse 
infestations  related  to  the  present  worldwide  climate  of 
cultural  permissiveness. 

Exercises  (630): 

1.  On  what  body  parts  are  crab  lice  most  commonly 
found? 


2.  Where  are  crab  louse  eggs  found? 


3.  How  are  crab  lice  chiefly  spread? 


631.  Specify  details  related  to  controls  for  lice. 

Controlling  Lice.  (Adapted  from  Pest  Control, 
February  1982.  Reprinted  by  permission  of  the  pub- 
lisher.) The  first  thing  you  need  to  understand  about  con- 
trolling head,  body,  or  crab  lice  is  that,  as  a  pest 
manager,  there's  generally  not  much  you  can  or  should 
do.  Medical  personnel  are  responsible  for  taking  any 
direct  personal  action  to  control  lice.  If  your  shop  gets 
contacted. 
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c.  Placing  the  live  host  animals  in  cages  that  have  wire  or 
hardware  cloth  bottoms  so  that  any  miles  that  drop  off  after 
engorging  wjII  fall  into  a  pan  of  water  put  under  the  cage. 
(This  procedure  is  often  us«d  to  collect  chiggers  from 
snakes,  turtles,  or  small  rodents.) 

d.  Placing  a  dead  host  animal  in  a  glass  jar  containing 
water  and  a  detergent.  The  jar  is  shaken  thoroughly  to 
separate  ectoparasites  from  the  animal.  The  liquid  is  then 
poured  into  a  funnel  containing  filter  paper.  Any  mites  will 
be  strained  out  on  the  paper . 

Exercises  (640): 

1.  Mite  survey  methods  vary  with  the  habits  of  the 
specie^;  . 

2.  Black  glass  plates  or  cardboard  rectangles  are  used  to 
survey  areas. 

3.  Berlese  funnels  are  frequently  used  to  collect  

and  mites. 


641.  Given  selected  techniques,  determine  the  type  of 
control  being  used,  the  mite  to  be  controlled,  and 
complete  given  statements  regarding  chemical  controls 
for  mites. 

Mite  Control.  Mites  can  be  controlled  through 
environmental  methods,  including  sanitation,  mechanical, 
and  construction  and  maintenance  controls,  as  well  as  by 
chemical  methods.  The  method  used  depends  on  the  mites 
to  be  controlled  and  the  circumstances. 

Cultural  methods.  Rat  and  house  mouse  mites  can  be 
controlled  by: 

a.  Trapping  or  poisoning  rats  and  mice  to  eliminate  the 
the  source  of  the  blood  meal  essential  for  nourishment  and 
reproduction  of  mites. 

b.  Starving  out  rodents  by  storing  garbage  and  food  in 
ratproof  containers,  rooms,  or  buildings. 

c.  Keeping  rodents  out  of  buildings  by  rodent  stoppage . 

Bird  mites  can  be  controlled  by: 

a.  Modifying  buildings  so  th  birds  cannot  enter  or  nest. 
(Give  special  attention  to  louvers,  gables,  eaves  and 
attics — even  though  the  work  calls  for  screening,  carpentry, 
or  masonry.) 

b.  Trapping  or  poisoning  birds  to  eliminate  the  source  of 
blood  meals  for  the  mites. 

Clover  mites  can  be  controlled  by: 

a.  Removing  vegetation  near  houses  and  pruning  shrubs 
so  that  they  are  at  least  a  yard  from  buildings. 

b.  Maintaining  a  strip  of  bare  ground  2  to  3  feet  wide 
around  buildings. 

Chigger  control  depends  on  modifying  the  environment 
to  permit  sunlight  and  air  to  circulate  freely,  thus  drying  the 
usual  damp  habitat  of  the  chigger.  These  modifications 
consist  of: 

a.  Keeping  lawns  and  gardens  closely  cut  and  edged, 
and  keeping  flower  beds  free  of  weeds. 

b.  Eliminating  tall  weeds  and  shrubs,  particularly 
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blackberry  and  raspberry  bushes,  which  furnish  food  and 
shelter  for  the  bird  and  rodent  hosts  of  chiggers. 

c.  Using  (in  scrub  typhus  areas)  mechanical  equipment, 
such  as  bulldozers  and  flamethrowers — thus  reducing 
human  contact  with  the  mites — to  clear  campsites,  and 
using  rodent  control  to  eliminate  chigger  hosts. 

Grain  and  flour  mites  can  usually  be  controlled  by: 

a.  Rotating  food  materials  to  remove  the  oldest  items 
first  (to  prevent  buildup  of  infestations). 

b.  Ventilating  to  prevent  the  accumulation  of  moisture 
(mites  thrive  on  foods  that  have  a  moisture  content  of  20 
percent  or  more). 

c.  Eliminating  foci  or  infestations  (by  vacuum  cleaning 
entire  warehouses,  with  attention  to  horizontal  surfaces 
such  as  beams  and  window  ledges). 

Chemical  methods.  Sprays  or  dusts  are  used  for  residual 
treatment  indoors  and  are  frequendy  used  as  spot  treatments 
in  trouble  areas — around  windows  and  doors,  at  the  tops  of 
foundations,  around  plates  and  at  the  ends  of  joists,  on 
baseboards,  and  at  the  edges  of  floors.  Dusts  are  usually 
applied  at  higher  concentrations  than  arc  sprays.  They  are 
placed  in  voids,  in  louvers  near  bird  nests,  in  rodent 
runways,  where  the  mites  will,  and  children  will  not, 
normally  come  into  contact  with  the  insecticide. 

Residual  treatment  outdoors  has  been  used  for  the  control 
of  clover  mites  and  chiggers  especially,  but  less  commonly 
on  the  outside  of  buildings  for  control  of  bird  and  rat  mites. 

Fumigation  control  of  flour  and  grain  mites  is  difficult 
and  should  be  carried  out  only  by  a  certified  pest  control 
operator.  All  fumigants  are  very  poisonous  and  should  be 
used  only  by  qualified  operators  and  only  according  to  the 
directions  on  the  fiimigant  container's  label. 

Sulfur  has  long  been  used  as  a  chigger  repellent. 
Although  the  results  are  variable,  it  has  often  given  control 
when  dusted  into  socks,  underwear,  and  outer  clothing. 
Children  at  sununer  camps  often  prefer  sulfur  to  some  of  the 
new  repellents  that  have  a  disagreeable  odor. 

Many  mosquito  repellents,  such  as  Indalone,  ethyl 
hexanediol,  and  dimethyl  phthalate  will,  when  applied  to 
the  skin,  also  repel  chiggers  for  2  'o  4  hours.  One  of  the  best 
of  the  newer  repellents  is  diethyltoluamide. 

Most  of  the  good  mosquito  repellents  arr  also  eftec:ive 
when  used  to  treat  clothing.  The  most  ^arable  treatment 
recommended  at  this  time  is  benzyl  benzoate,  which  will 
withstand  two  or  three  washings.  Resmethrin,  which 
contains  30  percent  benzyl  benzoate,  withstands  one  or  two 
washings. 

Persons  who  have  been  in  an  area  infested  with  chiggers 
can  kill  most  or  all  mites  that  have  attached  themselves  by 
using  a  thick  lather  in  a  hot  bath  or  shower  as  sixm  as 
possible  after  exposiue.  After  the  bath,  an  alcohol  rubdown 
will  help,  particularly  on  the  welts.  For  temporary  relief 
from  itching,  compounds  such  as  calomine  lotion  are 
available  st  most  drug  stores. 

Much  progress  has  been  made  in  the  treatment  of  mite 
infestations  on  humans  and  animals.  Sulfur  ointment,  long 
used  in  the  treatment  of  scabies,  is  no  longer  recommended 
because  it  can  cause  a  dermatitis  as  severe  as  that  caused  by 
the  mites.  Best  results  are  obtained  by  taking  a  hot,  soapy 
bath  first,  d:ying  the  skin  thoroughly,  and  then  applying 
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one  of  the  three  following  remedies  to  all  the  body  below 
the  neck. 

( 1 )  Kweli  cream,  or  a  lotion  containing  1  percent  gamma 
isomer  of  benzene  hexachloride  or  lindane: 

(2)  Eurax,  a  salve  incorporating  10  percent  N-ethyl-O- 
crotonloluide  In  vanishing  cream. 

(3)  Twelve  percent  benzyl  benzolate. 

The  next  day  take  a  bath  and  change  to  clean  clothing,  night 
clothes,  and  bedding.  Itching  may  persist  for  several  days 
and  is  not  a  sign  of  superinfection.  It  is  important  that  this 
be  understood;  overtreatment  is  common.  In  perhaps  5 
percent  of  the  cases  a  second  course  of  treatment  is 
necessary  after  an  interval  of  1  to  2  weeks. 

In  treating  scabies,  thoroughness  is  essential.  Launder 
every  piece  of  clothing  and  bedding  that  may  have  come 
into  contact  with  the  infested  p)erson.  If  one  member  of  a 
family  or  group  of  p)ersons  has  scabies,  all  close  contacts 
should  get  treatment. 

Exercises  (641): 

Given  some  techniques  for  controlling  mites,  state  whether 
the  type  of  control  is  cultural  or  rhr»mical,  and  name  the 
mite(s)  that  it  would  control. 

I.    Starving  out  rodents  by  sto.        arbage  and  food  in 
ratproof  containers,  rooms,  or  ouildings. 


5.  Keeping  lawns  and  gardens  closely  cut  and  edged  and 
keeping  flower  beds  free  of  weeds. 


6.  Treating  clothing  with  benzyl  bcnzoate. 


7    Trapping  or  poisoning  birds  to  eliminate  the  source  of 
blood  meals  for  the  mites. 


Complete  the  following  statements: 

8   Persons  who  have  been  in  an  area  infested  with 
chiggers  can  kill  most  of  the  mites  that  have  attached 

themselves  by  using  a      in  a 

 or  as  soon  as  possible 

after  exposure. 


9.  Fumigation  control  of  and  mites 

is  different  and  should  be  carried  out  only  by  a 
 pest  control  operator. 


2.  Using  diethyltoluamide.  10.  Forcontrolling  mites  indoors  and  outdoors,  you  should 

apply  sprays  and/or  dusts  around  and 

 ,  at  the  tops  of  .  .  around  plates  at 

the  end  of   ,  on  ,  at  the  edges  of 

3.  Maintaining  a  strip  of  bare  ground  2  to  3  feet  wide   . 

around  buildings. 


4.   Rotating  food  materials  to  remove  the  oldest  items 
fu^t. 
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CHANGES  FOR  THE  TEXT:  VOLUME  5 


Pen-and-ink  Changes: 

Ptii^C'Col  Suhjccr  Linc(s) 

IR  14 
3L                          Fig.  1-2 

3R  20 

5L  6 

7L  27 

lOL  1 

16  Tabic  1-3.  4 

Block  12 

17L  7 


19L  Fig.  1-9 

21L  Fig.  MO 

25L  14 


28  Fig.  2-2 

29L  14 


33  Fig.  2-3 


34-39  Figs.  2-4,  2-5, 

2-6,  2-7,  2-8, 
and  2-10 


40R  7 
52R  3  fr  bot 

59R  19frbot 
60R  21 
62R  lOfrbot 

8  fr  bot 


Chimijx  ''M((i(ritcuiici(s' '  to  "mai(riianicits." 

Add  "(Reproduced  couricsy  of  Harvest  Publishing 
Company,  Cleveland,  Ohio)." 

Change  "it  becomes"  to  "Miey  become." 

Before  "The''  add  "  ."  At  bimom  of  column  add  footnote 
"•Adapted  from  Scicniijlc  Guide  to  Pest  Control 
Ojyerations,  3rd  ed.  Reprinted  by  permission  of  the 
publisher. 

Change  '*straited"  to  "striated." 

After  •*Mca,sures''  add  *'*."  At  bottom  of  column  add 
footnote  Lesson  adapted  from  Scientific  Guide  to  Pest 
Control  Operations,  3rd  ed.,  and  Pest  Control,  February 
1982.  Reprinted  by  pennission  of  the  publishers." 

Change  ^MNITAITED^'  to  "INITIATED.'' 

After  **Fabric  Pests"  add  At  bottom  of  column  add 

footnote  Lessons  809-812  adapted  from  Scientific 
Guide  to  Pest  Control  Operations,  3rd  ed.  Reprinted  by 
pennission  of  the  publisher." 

Add  ^'(Reproduced  courtesy  of  Harvest  Publishing 
Company,  Cleveland,  Ohio)." 

Add  ^'(Reproduced  courtesy  of  Hai-vest  Publishing 
Company,  Cleveland,  Ohio)." 

After  ^'Termites"  add  At  bottom  of  column  add 

footnote  Lessons  813-821  adapted  from  Scientific 
Guide  to  Pest  Control  Operations,  3rd  ed.  Reprinted  by 
pennission  of  the  publisher." 

Add  '^Reprinted  courtesy  of  Pest  Control  Technology, 
(April,  1982),  Cleveland,  Ohio)." 

After  ''Formosan  termite."  add  ***."  At  bottom  of  column 
add  footnote  Information  on  Formosan  termites  adapted 
from  Pest  Control  Technology,  April,  1982.  Reprinted  by 
permission  of  the  publisher." 

Add  ^'(Reprinted  courtesy  of  Harvest  Publishing  Company, 
Cleveland,  Ohio)." 

Add  ""{Ibidy  after  each  figure. 

Change  ''2-8"  to  2-2." 

Delete  '*a  single,  toothed  hooker." 

Delete  the  two  commas. 

Delete  '*There  may  be." 

Change  *'Testacelliadae"  to  ''Testacellidae." 
Capitali^e  *'testacella/' 
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Paf^e-Col  Subject  Lineis) 
65R  lOfrbot 

71L  ISfrbot 

73L  9  fr  bot 

76L  1 


78R  808  -  10 

808-  13 
80R  832  -  4 


Correction 

After  '^Diseases'*  add  At  bottom  of  column  add 

footnote  Information  in  lessons  846-848  adapted  from 
Turf  Manager's  Handbook.  Reprinted  with  permission  of 
Harcourt  Brace  Jovanovich  Publications,  copyright  1979.** 

Change  ''ar**  to  '*are.** 

Change  *'Tebuthiuron**  to  *  Thiabendazole.  ** 

Change  ^'Severer*  to  ^'Several.** 
In  the  last  column,  change  *M0*'  to  **9.'* 
In  the  last  column,  change  **9'*  to  **10.'' 
Change  **Arbor\'itar*  to  **Arborvitae. 


36 


EKLC 


38 


CHANGES  FOR  THE  TEXT:  VOLUME  6 
Pen-and-ink  Changes: 


PoReCol  Subject  I.iiifls) 

IL  5-6 
2L  10 

7L  Fig.  1-3 

lOL  7frbot 

6  tr  bot 

12  Fig.  1-7 

16L  17 

16R  1 1  fr  bot 

17L  4frbot 

19R  23 

21 R  7frbot 

22L  9  fr  bot 

23L  9 

14  frbot 

23R  25  fr  bot 

21  frbot 
1 1  fr  bot 

25R 

27L  21  frbot 

27R  1 
32R  23 
35L  4  frbot 

35R  1 

36L  A 17  ColB, 

item  f 

37R  10 
40R  5 
41L  4  frbot 

45L  28 

11  frbot 

45R  14  frbot 

46L  29  frbot 

O 
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Correction 

Delete  '*This  chapter  covers  .  .  .  bats  and  birds."' 
Change  **here''  to  ''where." 

Add  ''(Reprinted  courtesy  of  Harvest  Publishing  Company, 
Cleveland,  Ohio)." 

Change  "technique"  ''techniques." 

After  "Rodents"  add  At  bottom  of  column  add 

footnote  "*  Lessons  A05  and  A06  adapted  from 
information  in  Scientific  Guide  to  Pest  Control  Operations, 
3rd  ed..  Pest  Control  (August,  1981)  and  Pest  Control 
Technology  (September,  1982).  Reprinted  by  permission  of 
the  publishers." 

Add  "(Reprinted  courtesy  of  Harvest  Publishing  Company, 
Cleveland,  Ohio)." 

Chaiij^c  "poisions"  to  "poisons." 

Delete  "rats." 

Change  "maforttributes"  to  "major  attributes." 
Change  "Cactis"  to  "Cacti." 

Change  "western"  to  "Western." 

Change  "species"  to  "genus." 

After  "Gophers"  add  "*."  At  bottom  of  column  add 
footnote  "*  Lesson  adapted  from  Pest  Control,  September, 
1981.  Reprinted  by  permission  of  the  publisher. ' ' 

Change  "Thermerica"  to  "America." 

Change  "till"  to  "still." 

Change  "mount"  to  "mound." 

Change  "little"  to  "some." 

Add  exercise  "7.  What  poison  and  bait  combinations  work 
best  for  controlling  pocket  gophers?" 

Change  "nap"  to  "nape." 

After  the  second  comma,  add  '  'or. ' ' 

Change  "any  where"  to  "anywhere." 

Before  "Match"  insert  "A  17." 

Change  "and  rock  doves"  to  "(rock  doves)." 

Change  "Sartling"  "Starling." 

After  "reactions"  add  "problems." 
Change  "to"  to  "help." 
Change  "seat"  to  "seal." 
Change  "n"  to  "in." 
Change  "areas"  to  "acres." 
Change  "airburst"  to  "airbursts." 

After  the  second  "and"  add  "kill."  ^7 
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/\i.i;<''CV)/  Suhjvcf  Linc(s)  Correction 

46R  31  &47  Change  **aui;tralian"  to  * 'Australian/' 

33  After  **smair'  add  ''*irea/' 

47L  25  Change  '*Releast"  to  ^'Release." 

9frbot  Change  *'trappig"  to  '"trapping." 

48R  9fr  bot  After  ''unused"  add  "bait." 

t9R  2  fr  bot  Change  "for"  to  "as  a." 

50R  6  Change  "reple"  to  "repel." 

1 7  Change  "42-5  "  to  '  '42-S . ' ' 

5 1 L  1  fr  bot  Change  '  'mexican "  to  '  'Mexican . ' ' 

51 R  3  Change  "lb"  to  "lbs." 

24  Change  ''mexican*  to  ''Mexican.** 

35  Change  "they  aie  insects"  to  "of  their  insectivorous  diet." 

53L  I  After  "noise"  add  "of." 

15  Change  "large"  to  "big." 

54L  2frbot  Change  "'mexican'  to  "Mexican.*' 

55L  1 1  Change  '  'mexican**  to  '  'Mexican.*  * 

56R  6  Change  "can"  to  "are." 

7  Change  "are"  to  "can." 

57L  lOfrbot  After  "Characteristics"  add         At  bottom  of  column  add 

footnote  "*  Lessons  A27  and  A28  are  adapted  from 
Scientific  Guide  to  Pest  Control  Operations,  3rd  ed.,  and 
Pest  Control  Technology.  December,  1982.  Reprinted  by 
permission  of  the  publishers. " 

58L  12frbot  Change  "A  pound  or  two''  to  "Also,  a  pound  or  two  of." 

9-10  frbot  Change  ";  this"  to  "will." 

58R  9  Change  "oijust"  to  "or  just." 

5  frbot  Change  "afater"  to  "after." 

2  frbot  Change  "get"  to  "set." 

59L  7  After  "roots"  add  "while." 

65R  A15  -  7  Change  ",  starlings,  pigeons,  etc."  to  "and  starlings." 

66R  A28-3  3  Delete  "no." 

A28  -  7  2  Change  "tube"  to  '  tub." 
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CHANGES  FOR  THE  TEXT:  VOLUME  7 
Pcn>and-Ink  Changes: 


Page-Co!  Subject  Lined) 

3L  Fig.  1-2 

4  Fig.  1-3 

7L  6  fr  hot 

14R  COS  Col  B.  item  c 

12R  13 

19frbot 

16L  25 

16R  2frbot 

19R  4 

21R  Fig.  1-8 

30L  6 

4  fr  bot 

32L  6frbot 

33R  14 

34R  21frbot 

37L  1 1  fr  bot 

41L  8 

54R  13 

61R  C52-4.  11 

64L  C19-l(2) 


Corrcclian 

Add  ''(Kcprintcd  courtesy  of  Harvest  Publishing  Company. 
Cleveland,  Ohio)/' 

After  ''Characteristics'*  add  At  bottom  of  column  add 
footnote  Lessons  C02-C06  adapted  from  Scientific 
Guide  to  Pest  Control  Operations.  3rd  ed.  Reprinted  by 
permission  of  the  publisher. " 

Add  "(Reprinted  counesy  of  Harvest  Publishing  Company  ♦ 
Cleveland,  Ohio)/' 

Change  "attach  to''  to  "feed  on." 

Change  "Pharoah"  to  "Paaraoh." 

Change  the  second  "the"  to  "this." 

Change  "Pharoah'*  to  "Pharaoh"  in  both  places. 

After  "entrenched"  add  At  bottom  of  column  add 

footnote  "*  Information  on  pharaoh  ant  r  itrol  adapted 
from  Pest  Control  Technology ,  August,  198Z.  Reprinted  by 
permission  of  the  publisher." 

Change  "Pharoah"  to  "Pharaoh." 

Change  "temperature"  to  "temperate." 

Add  "(Reprinted  courtesy  of  Harvest  Publishing  Company, 
Cleveland,  Ohio)." 

After  "venom"  add  "that." 

Change  "Latrodectus  mactans"  to  '*Lat,  odectus 
mactans. 

After  "vSpiders"  add  At  bottom  of  coluinn  add 

footnote  "*  Adapted  in  part  from  Scientific  Guide  to  Pest 
Control  Operations,  3rd  ed.  Reprinted  by  permission  of  the 
publisher." 

Change  "Androctonus"  to  **Androctonus.*' 
After  "best"  add  "physical." 
Delete  "greyish.'' 
Change  "tree"  to  "(tree." 
Change  "bladdewort"  to  "bladderwort." 
Change  "acquatic"  to  "aquatic." 
Change  "e."  to  "b,  e." 
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Preface 


THIS  VOLUME  of  CDC  56650,  Pest  Management  Specialist,  provides  you  with  general 
knowledge  about  the  base  civil  engineer  organizational  structure,  career  progression, 
specialty  duties  and  responsibilities;  managing  activities  and  resources;  publications, 
forms,  and  security;  and  ground  safety. 

Successful  completion  of  this  course  will  help  you  perfomi  your  duties  as  a  pest 
management  specialist.  The  exercises  are  designed  to  help  you  master  the  contents  of  the 
course.  That,  along  with  practical  experience  on  the  job,  earns  you  success,  prestige,  and 
promotions. 

In  latter  volumes  of  this  CDC,  you'll  study  many  aspects  of  pest  management, 
including  principles  of  integrated  pest  management  (IPM),  chemicals  and  equipment, 
safety  and  identification,  and  survey  and  control  of  pests  of  health  and  economic 
importance.  Study  each  lesson  carefully  in  order  to  solve  specific  management  situations 
in  succeeding  lessons. 

Code  numbers  appearing  on  figures  arc  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the 
Air  Force. 

Call  the  author  at  AUTOVON  (736-6559)  between  0700  and  \60i)  CST,  Monday 
through  Fr-day.  to  get  an  immediate  response  to  subject  matter  questions  which  come  up 
while  you're  studying  this  course.  Or  you  may  write  the  author  at  3770  TCHTG/TTGIC. 
Sending  subject  matter  questions  to  EC!  only  slows  the  response  time.  You  should  also 
tell  the  author  about  subject  matter  and  technical  errors  (except  minor  printing  errors)  that 
you  find  in  the  text,  the  volume  review  exercises,  or  the  course  examination.  This  will 
help  the  author  keep  up  with  changes  that  must  be  made  when  the  coarse  is  revised. 

Consult  your  education  officer,  training  officer,  or  NCO  if  you  have  questions  on 
ccHirsc  enrollment  or  administration.  Your  Key  to  a  Successful  Course,  and  irregularities 
(possible  scoring  errors,  printing  errors,  etc.)  on  the  volume  review  exercises  and  course 
examination.  Send  questions  these  people  can't  answer  to  ECI,  Gunter  AFS  AL  361  18, 
on  ECI  Form  17,  Student  Request  for  Assistance.  NOTfi:  Do  not  use  the  Suggestion 
Program  to  submit  corrections  for  printing  or  typographical  errors. 

This  volume  is  valued  ast  12  hours  (4  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  November 
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NOTE:  I'his  course  teaches  through  numbered  lesson  segments,  each 
containing  a  behavioral  objective,  text,  and  exercises.  The  objective  sets 
your  learning  goal.  The  test  gives  you  the  information  you  need  to  reach 
that  goal,  and  the  exercises  let  you  check  your  achievement.  When  you 
complete  each  segment,  see  whether  your  answers  match  those  in  the  hack 
of  the  volume.  If  your  response  to  an  exercise  is  incorrect,  review  the 
objective  and  its  text. 
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CHAPTER  1 


Specialty  Requirements  and  Organizational 

Assignments 


MAIN  i'AININC]  Ail  Wnvc  property  is  a  very  important  job. 
Just  as  your  home  will  deteriorate  il"  you  don't  keep  it 
properly  maintained  and  repaired,  so  will  Air  Foree 
huildin^s  and  siruetures. 

The  Air  horee  owns  a  vast  amount  of  real  estate. 
Consider  the  si/e  of  your  base  in  eomparisi)n  to  several  of 
the  lariiest  industries  in  your  area;  then  think  of  how  many 
bases  the  Air  hiree  operates.  It's  hard  to  comprehend,  isn't 
if.*  But  you  can  see  thai  Air  Force  holdings,  in  keeping  with 
its  nnssit)n,  arc  tremenckuis. 

I  .qually  tremendous  is  the  cost  ofopeiating,  maintaining, 
and  replacing  Air  Force  pioperty.  Yet.  Government  funds, 
like  your  perstmal  funds,  are  limited;  and  the  costs  of 
materials  and  CLjuipment  go  up  every  year.  As  a  result,  it's 
vital  thai  you  use  Air  Force  resources  wisrHy  and  carefully. 
Don't  waste  time  or  materials,  learn  your  job  well  so  you 
can  operate  more  efficiently,  and  etn^perate  with  ot»iCr 
workers  v;here  /ou're  a.ssigned.  When  we  all  work  together 
towards  common  goals,  we  make  Air  Force  money  work 
liarder  for  America's  defense  and  its  taxpayers. 

In  this  chapter,  we'll  diseuss  the  base  civil  engineering 
oigani/ativ>nal  structure,  its  mission,  and  your  duties  and 
resporisibdincs  as  a  pest  manager. 

1-1.  Base     Civil     Engineering  Organizational 
Structure 

riie  base  eivil  engineering  organization  is  commanded 
by  the  base  civil  engineer  (BCF:).  This  person  is  responsible 
lor  all  the  work  performed  by  civil  engineering  (CE).  The 
Job  includes  getting  maximum  efficiency  for  each  dollar 
spent  while  attaining  planned  objectives.  This  means  that 
human  resources,  material  resources,  and  financial 
resources  must  be  used  as  effectively  as  possible  to  meet  the 
organization's  goals. 

Civil  engineering  is  a  large,  complex  organization  with 
many  Jobs  gt>ing  on  at  the  same  time.  The  BCF  uses  many 
managers  to  help  do  these  jobs.  One  of  these  managers  is 
the  sanitation  superintentlent.  This  person  i,s  in  charge  of  the 
3(1  earcer  field  of  whieh  you  are  a  part.  Your  job  as  a  pest 
management  specialist  is  extremely  important  as  the  health 
of  base  personnel  depends  to  a  large  extent  on  how  well  you 
do  your  job.  Buildings  can  be  eaten,  infested,  and  become 


unusable  if  you  aren't  there  to  control  pests  such  as 
termites,  rats,  lleas,  roaches,  and  storetl-produ^ts  pests 

BeRire  gelling  an  indepth  look  at  your  job  tasks,  let's 
look  at  the  mission  of  a  ci\  il  engineerin.;:  organization. 

001.  Identify  activities  relative  to  the  mission  of  a  civil 
engineering  organization. 

Base  Civil  Engineering  Mission,  The  primary  mission 
ot  eivii  euL  peering  activities  is  to  acquire,  construct, 
maintarn.  and  operate  real  estate  property  facilities  and  to 
pnnidc  Kiaied  management,  engineering,  and  other 
support  work  and  .services.  Examples  of  the  mission 
include: 

•  Acquiring  land  for  ci)nstruction 

•  Constriic'ing  forms  for  concrete. 

•  Modifying  and  repairing  buildings. 

•  Operating  and  maintaining  heating  plants. 

•  Providing  water  and  electricity  to  base  facilities. 

•  C\)ntrolling  plant  and  animal  pests. 

Although  CH  provid«?s  utilities  to  base  facilities  and 
performs  maimenance  on  them,  it  doesn't  operate  most 
facilities  on  the  base.  These  functions  belong  to  other  Air 
Force  units.  For  example.  CE  does  not  operate  aircraft, 
missiles,  clubs,  or  dining  halls. 


Exercises  (001): 

1.  Place  a  checkmark  to  the  left  of  each  activity  that 
directly  relates  to  the  mission  of  the  BCE.  Leave  the 
other  activities  blank. 

 (  I  )  Fuel  aircraft. 

 (2)  Acquire  land. 

 (}>)  Paint  aircraft  hangar. 

 (4)  Maintain  missiles. 

 (.S)  Poistin  soil  for  termites. 

 (0)  Pro\  ide  natural  gas. 

 (7)  Engineer  air  ct)nditioning  for  facility. 
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.  (S)  Opcralc  diniiui  hall 

MitiKiuc  Air  IhMlc  ic;»1  eslalc  iMi)poit>' 
(10)  UopiMT  roDriMi  iiircriill  liani:ar. 
(in  Opcmlc  NCX)c!ub. 
{\?)  Apply  liixic  j^csliciJcs. 


(/■;  Units 

(Si  i  t|mpiii,-nt  i  ipv  i  .in<  »nv 

(*0  M;(soiii\ 
<  ID)  SttlKtiiiit! 


C^xruniirul  tllin  k  Alnfvt*  Unit 


002.  Indicate  to  what  coiiiinaiid  block  various  C^K  units 
helon}^. 

(  ivil  Knj^incerin^  Orj^ani/.ational  Chart.  Figure  I-l 
slu)\vs  ihc  slruclurc  of  ("H.  Study  the  cliail  in  nrdcr  lo  Icarii 
the  levels  1)1"  ciMninarul  ihroiighoul  ihc  organization.  Al  the 
very  li^p  i>rthe  chain  ol  conunand  is  the  base  civil  engineer. 
He  o\-  she  is  ultitnateh  responsible  for  an\  thing  that  goes 
w  rong  in  (^I;. 

As  Presiilenl  Truman  said,  "The  buck  stops  here." 
Passing  the  buck  in  Ch  will  eventually  stop  at  the  BCH. 
^'oll  well  know  thai  an  Air  Force  person  should  go  through 
ilie  cliain  dI' conunand.  I!  you  skip  a  link  in  the  chain,  things 
start  lo  go  wrong.  As  aiu^ther  si».  ing  goes,  a  chain  is  no 
stronger  ilian  its  weakest  link.  The  lines  on  the  chart  in 
figure  I- 1  represent  the  chain  in  the  CH  structure.  The 
bloeks  represent  an  olTice,  shop,  or  unit  in  which  a  manager 
or  supervisor  is  in  control.  Spotjhe  pes!  management  block 
on  the  chart.  Notice  that  it  is  at  the  same  level  as 
j'tavcmenis,  protective  coaling,  and  heat  systems  blocks. 
Ihc  ehain  o!  conunand  line  for  pest  management  and 
en\ irtinmenlal  support  goes  through  the  sanitation  block. 
As  you  will  see  later  in  the  career  field  chart,  the  sanitation 
snpcrmteiuleni  is  in  conirt^l  (W*  all  the  units  below  him.  The 
protective  coaling  and  plumbing  blocks  arc  under  tlie 
ciHununKi  of  structures  as  is  masonry  and  metalwcn*king, 

.■\s  you  foIUnv  the  ciMunumd  !ine  upwards,  you  see  that 
the  next  eommand  in  the  chain  is  operations.  The  chief  of 
i>lvraiions  is  the  bi^ss  o\  tre  sanitation  superintendent, 
i-rom  operations  the  conunand  line  goes  up  the  chain  to  the 
eivil  engineer.  As  \ou  etUi  sec  tron^  figure  i-I,  the  BCH 
h'  iJ.  ihc  chief  of  operatitms  responsible  for  all  the  CH 
shops  Work  eonirol  is  !>ot  in  a  direct  conunand  line  ti^  the 
shops.  It  wotks  in  a  siatf  function  to  iiclp  the  operations 
vlucl.  I  rom  this  e\am)ile,  yvui  should  be  v«ble  to  trace  the 
lOiiiiiiand  hne  through  the  xarious  units.  .See  if  you  can. 


Kxcrcises  (002): 

I.  Kefcr  lo  liguie  1-1  and  answer  the  tbilowing  qucstiims 
for  each  of  the  CH  units  listed.  What  is  the  command 
l^h»ck  im mediate! V  above  the  listed  unit 


(  /  /  itt(\  ('i>n\mtinil  [ihh  k  Ahin  t  i  nit 

I  h  I  K*.U  N\  Ntt  iiis  

I  J  I  C  "llNti'ltMl  Ni  l  \  K  ».  s  

'  ^  I  PhmiunL*   

(  J I  M».  ».  Ikihic  ;i1   


003.  Identiry  finicti<':vs  anJ  responsibilities  of  CK  units. 

The  base  civil  euiMneer  needs  a  number  of  CF*  units  to 
help  perform  his  or  hct  inissjou  and  »csponsihilities.  The 
Job  entails  even  more  than  that  of  a  m  lyor  or  city  manager 
in  a  large  city.  Although  the  mayor  i  responsible  for 
providing  the  cit\  with  lire  prevention  ei{! iipnient,  police 
protection,  garbage  and  refuse  collection  ami  disposal,  and 
furnishing  utility  services,  the  BCH  must  do  all  these  things 
plus: 

(I.  Mamtain  leal  jiropeity  laciliiies  in  a  eondilion  for 
normal  use. 

h.  CiMisciA  c  naUnal  resources  ami  control  environnierUal 
pollutK)!!. 

c .  I'urnish  in  seel  an  '  rodent  control  services. 
ci.    Construe   ,u;d   alter  facilities  to  support  mission 
changes. 

c.    Provide  management  aiul  professional  engineering 
ser\'ices  to  insure  effecti\c  and  econonucal  o[KMation  ot  alU 
activities.  V 

lliese  activities  are  broail  in  scope.  Let's  look  at  the  CE 
units  which  iielp  tiie  BCH  nerforin  this  mission  and  also 
break  down  these  broad  areas  into  narrower  areas  of 
acti\'ities. 

Functions  and  Responsibilities  of  CH  I 'nits,    \s  we 

lot^k  into  these  inilix  idual  sectiiMis.  refer  to  ligurc  1-1  to 
help  \ou  untlerstand  their  nuitual  relationships. 

Squadron  and  administration.  I  his  iniit  handles  the 
administrative  and  personnel  work  t»f  CH.  The 
administrative  scctiiMi  icceives.  distributes,  and  dispatches 
all  cominunicatiiuis  for  CH;  juepares  reports  and 
ec>rrespoiuIenec .  maintains  correspondence  files,  maintains 
the  CI:  libiai\  :  ctuulucts  special  programs,  such  as  fund 
driv  es  atul  aw  arils,  and  maintains  ihc  rccoicls. 

Ihc  squadiiwi  section  lakes  personnel  aelions  lielegated 
b\  ihc  stjuadiDn  eonunaiulcr.  Siune  o(  these  duties  include 
coiuisL-ling.  maintaining  ilut\  rostcis.  conducting  general 
mililarx  training  ant!  ciMnmaiuici's  eall.  uid  enforcing 
discipline . 

Industrial  eni^inecrini;  (lil).  11  us  unit  provides 
consulting  services  aimctl  at  increasing  prodiicii viiy  and 
imjiro\ing  use  of  (*l:  resmuces,  It  tloes  this  lu^t  only  for  the 
BCl;  bul  lor  all  levels  of  management  aiul  labor  as  well, 
acting  as  a  problem  sober.  Subjccl  areas  lor  IH  studies 
include  bench  stock,  the  BCH  taxi  s\stcm,  uiser\  ice  work 
plans  (IWP).  suppl\'  e\[K*iulitures  aiul  discipline,  serxice 
calls,  and     bicles.  I 

TiuM'c  arc  other  areas  of  IH  responsiliility  that  apply  more 
directly  \o  your  job  as  a  pest  manager.  If  your  organization 
has  an  aiiioinatctl  management  svstem.  IH  implements  it; 
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monilDts  ;ini!  intL-rprcls  the  results  ot  ropiwls.  such  as 
(|Uiulcrl\  pcsl  managcnicnt  reports;  and  uses  the 
inU)rniatinn  to  advise  the  BCH.  It  also  carries  out  the  BCh" 
ijualitN  control  program  and  reports  to  the  BCH  on  customer 
evaluations  of  your  work  and  the  work  of  other  sections 
uniler  the  chiel' of  operations. 

Operations.  This  unit  directs,  coordinates,  and  controls 
all  work  approveil  and  authorized  to  he  done  by  the  Cbl 
work  rmce.  This  section  also  serves  as  consultant  during  the 
design  of  new  or  alteration  of  old  facilities. 

The  resources  and  requirements  section  serves  as  a  staff 
activity  (o  operations.  This  section  assigns  priorities  and 
scheilules  work  to  appropriate  shops.  It  also  operates  the 
service  call  system  and  controls  vehicles  assigned  to  CH. 

The  main  work  areas  under  operations  are  pavements  and 
grounils,  structures,  mechanical,  electrical,  electric  power 
prt)duction,  and  sanitation.  Mach  of  these  areas  may  contain 
several  shops;  for  instance,  the  structures  area  has 
structural,  protective  coating,  plumbing,  masonry,  and 
metalworking  shops.  St)nietimes  there  are  variations  in  the 
numbei  of  shops  when  there  is  no  need  for  a  particular 
acliv  ity . 

Fire  protection.  This  unit  takes  care  of  fire  prevention 
activities  on  base.  It  performs  fire  control  services,  inspects 
am!  tests  fire  protection  and  fire  alarm  systems,  and  services 
grouml-iype  portable  fire  extinguishers. 

Financial  management.  This  section  is  responsible  for 
financial  plans,  budgets,  and  annual  and  long-range  work 
plans.  It  also  approves  work  requests  and  buys  materials  for 
the  appri>veil  work. 

Fngineerinf^  and  environmental  planning.  The 
architectural  and  professional  engineering  services  for  CE 
arc  handled  through  this  section.  Problems  that  arc  beyond 
ih^.'  capability  of  operations  jnd  maintenance  people  are 
relcrrcd  to  the  prolcssional  engineers  of  this  unit.  This  unit 
also  ■  jvieus  and  develops  technical  pro\  isions  of  contracts 
for  iL.  '  properly  facilities. 

.'\s  ac  liiional  duties,  this  section  takes  care  of  the 
architectural  anil  engineering  aspects  ol  the  base  master 
plan  b\  prcpaiing  architccluial  and  engineering  drawings 
;iiui  m;ips,  and  u  manages  the  environmental  impact 
anal\sis  process.  In  addition,  personnel  of  this  section 
luonltor  all  real  pii^perty  facilities  and  systems  to  develop 
improvcmcius  and  ti^  update  systems  or  equipment.  They 
also  make  technical  inspections  of  all  maintenance,  repair, 
construct  ion,  and  service  work  done  by  contract  to  assure 
quality  woik  and  contract  coniplianee. 

Family  housing  management.  This  unit  manages 
aclrv  iiics  in  these  functional  aieas. 

(I.  Use  of  military  family  housing  including  inquiries, 
uitcrviews.  assignments,  terminations,  and  related 
adnunistratixe  work. 

h.  I^lanning,  programming,  and  budgeting  for 
maintenance,  repair,  alteration,  and  new  construction 
applicable  to  military  family  housing  (MFM). 

('.  Change  id  occupancy  inspection. 

(/   HiMisinu  referral  service. 


l-.M'i  cisis  (003): 

I     Match  each  HCI-:  unit  in  column  B  with  the  function  in 


colunui  A.  .Some  column  B  items  niay  be  used  more 
tlian  once 
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004.  State  what  the  letters  in  BF.KK  .stand  for;  and  from 
statements  of  BKLF  objectives,  identify  five  that  apply 
to  the  Prime  BKKF  program.  m 

Project  Prime  BKKF.  'AVhen  the  whistle  blows,  are  we 
ready  to  goV"  This  was  the  question  asked  by  the  Director 
of  CL  Operations,  HQ  U.SAF.  in  December  Ihe 
answer  was  "No"  until  the  base  engineer  cnicrgciu  y  force 
(BllHF)  came  int(^  existence.  Now  under  project  Prime 
the  answer  is  "Yes."  Projecl  Prime  Bl^HF  creates 
wiiiiin  Ail"  Foice  civil  engineeiing  tiie  ability  to  respond  to 
enieigencies.  I'lie  cnicigencics  may  icsidi  IVom  acts  of 
aggression  or  disastei  s. 

The  ii^le  ol  civil  engineering  lias  change^.!  consitlcrably 
since  Woild  Wai  11.  C'i\'il  cniiinccring  now  has  a  t.lirect 
combat  support  role.  If  you  are  selected  to  be  a  member  of 
Prime  BliKI-  ciuitingency  force -2  (CP- 2)  team,  you  must 
tiain  to  heci>nie  more  involved  in  limited  war  operations, 
^'ou,  as  a  pest  management  specialist,  niust  know  hmv  to 
tieat  temporary  field  facilities,  sucii  as  mess  halls,  showers, 
and  latrines.  You  must  be  able  to  contn^l  \  ai  ious  t\  [les  of 
pests  in  a  hurry.  .And.  in  addition,  yow  must  have  the 
knowledge  and  ability  to  protect  tiic  facilities  from  enemy 
acts. 

Prime  BHHF  ctuitmgcncs  forces  are  made  up  o[  selected 
airmen  ar.d  officers  at  bi^th  CONU.S  and  oversea  bases,  in 
the  event  o{'  an  enemy  attack,  a  natural  disaster,  ov  an 
emergency  wiMkload.  a  BFHF  team  can  be  sent  to  help  the 
work  force  at  the  affected  location.  The  re  aie  a  numbei"  of 
Prime  BPl*F  coniingcncs  l\>rcc  teams.  Now,  hiuvever.  you 
should  learn  the  live  main  i^l^jectives  of  the  Prime  Bl^Hli 
pi  Ingram . 

(>hiec(ive.s  ol'  Prime  BI'.I'.F.  According  to  Al  K  ^)3~.^. 
Air    /'on  e    (  "/\  /7    /\m^iiit'i  l  iiii:    riimc    lUisc  luiiiiiicn 
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hnirri>cnry  rorcr  (BEEF)  Pro^nim.  the  five  primary 
ohjLViiws  of  ihc  l^nnic  BKHF  program  arc  lo: 

(!)  Aliun  ihc  V\\  niiliiary  force  to  give  direct  eonibat 
support  to  help  carry  mil  the  Air  Force  mission. 

(2)  Develop  and  maintain  a  highly  skilled,  tiiohile 
military  response  lot  contingency  operations  worldwide. 

{^)  Develop  :uul  maintain  a  highly  skilled,  inplace 
military  engineer  lorce  lor  direct  combat  suppon  of 
(X)NliS  and  theater  forces  directly  tasked  in  opcration.s 
jilans. 

(4)  Provide  supplementary  traming  to  make  sure  that 
military  personnel  are  capable  of  performing  direct  combat 
tasks. 

(3)  Develop  and  maintain  Air  National  Guard  (ANG)  and 
United  Stales  Air  Force  Reserve  (  US AFR)  civi  1  engineering 
forces  to  complement  active  duty  forces  for  direct  cornbat 
sujiporl. 


Kxercises  (004): 

I     What  tlo  the  letters  BHFF  stand  for  in  the  Prime  BHEF 
program? 


Identify  the  li\e  short  statements  of  objectives  that 
apply  to  the  Prime  BF:f:F  program  by  placing  a 
checkmark  in  liie  appropriate  spaces. 


--(h  Direct  combat  support  to  the  Air 

I^'orce  missicMi. 
-..-(2)  Unskilled    personnel    tabbed  for 

training  in  an  emergency. 
._{3)  .Mobile     military     response  for 

worldwide  contingenc)  operations. 

—  (4)  Balanced  military-civilian  mix . 

.  Direct  combat  support  of  CONUS 

lorccs  tasked  in  operations  plans, 
_(6)  Supplementary        training  for 
IxM  formance  of  combat  tasks. 

—  (7)    I  rained    military    personnel  for 

permanent  overseas  duty. 

—  (tS)  Ulse  of  ANG  and  USAFR  forces  to 

complement  active  duty  forces. 


1-2.  Career  Progression 

In  your  careci  fiekl  there  are  only  two  ladders:  the 
pest  management  latldcr  and  the  environmental  support 
ladder  !n  ymn*  career  work,  however,  you  work  \ery 
closely  with  UI:  people  in  the  55  career  field.  This  section 
of  the  text  covers  the  career  field  charts  of  both  the  55  and 
36  career  fields.  Vou  will  also  get  a  brief  summary  of  the 
tasks  in  each  specialty  in  each  career  field. 


005. 


(iiveii  airman  55  and  56  career  field  charts,  trace 


airmen  proKressioii;  ami  li.st  the  ^rade  spread  for 
variou.s  .\I\SC  .s. 

Progression  in  (he  Career  Field.  Mow  would  you  like 
to  he  the  siipcrintciuicnt  ot  sanitation  before  you  liave  2() 
years  in  the  Air  Forcc  .^  ^  ou  niiiiht  say  would  have  to  be 
extremely  luck\  .  **  ( )i .  .l^  jnost  airmen  who  don't  make  Fi-K 
or  V"^>  by  (he  tiiDc  (hey  have  been  in  20  years,  you  miijht 
say  **1  didn't  know  die  right  people/*  The  fact  is.  you  can 
proi!ress  to  a  hii:h  rank  if  you  are  willinu  to  follow  four 
smiple  rules.  These  rules  work.  They  rarely  fail.  Ask  an 
F>S  or  \\'-^).  He  or  she  will  verify  that  statement.  The  tour 
rules  for  success  in  any  field  are  (  1  )  work  hard.  (2)  study 
effcctivclv ,  (3)  cooperate  w  ith  other  workers,  and  (4)  listen 
to  and  respond  positively  to  the  desires  of  your  leader. 

The  chart  in  figure  1-2  is  the  Airman  Sanitation  Career 
Field  C^h;irt.  Figure  1-3  is  the  Airman  Structnral/F^ivements 
Career  Field  Chart.  I'hese  charts  arc  graphic  representations 
of  the  56  and  55  career  fields.  Refer  to  the  apjiropriate  chart 
during  the  tliscussion . 

To  trace  progress  m  the  career  field,  start  at  the  bottom  of 
the  chart  and  work  upward.  For  example,  at  the  bottom  of 
both  charts  is  a  basic  airman.  AFSC  WOOO,  The  first  step  up 
(h :  ladder  is  helper.  In  the  56  career  field,  he  or  she  is  a  pest 
management  helper.  AFSC  56610.  \x\  the  55  career  field, 
the  AI\SC  varies  with  the  ladder.  A  construction  equipment 
helper  is  ."^51  II.  a  carpentry  helper  552  10.  plumbing  helper 
55215,  etc.  The  gratle  of  the  step  is  on  the  left  side  of  the 
chart.  A  basic  airman  is  h- 1 .  helper  h-2.  and 
apprentice — your  position  ntuv — F>3.  Notice  on  the  chart 
that  an  airman  helper  may  upgratle  to  (he  apprentice  level 
by  graduating  from  a  basic  course.  Another  method  oi 
upgrading  is  by  completing  the  3-levcl  C\^C  along  with  on- 
the-job  training. 

To  progress  to  the  specialist  level,  the  position  you  are 
working  toward  no\\ .  you  complete  the  5-lcvcI  CDC  along 
with  on-the-job  performance  training,  hi  your  case  you  w  ifl 
become  a  pest  management  specialist.  AFSC  56650.  ^'our 
grade  for  this  [n^sition  can  lange  from  F.-3  through  i:--5. 
With  thi.s  amount  of  information,  you  should  have  no 
trouble  tracing  airmen  i^rogrcssion  through  any  career 
ladder. 


Kxercises  (005): 

I  racc  the  pn^gressjofi  o\  an  airmm  through  \arious  caiecr 
ladders  using  figures  1-2  and  I -.V  ^'ou  may  trace  them 
mcniall>  or  with  a  pencil.  After  you  ha\c  done  thl^.  answer 
(he  lollou  ing  t|ues(ions. 

I.    What  is  the  first  stcfi  up  the  ladtler  from  basic  airman 
in  (he  masonrv  ladder? 


What  course  is  tiesirable  when  [progressing  from  pest 
managcmcni  Iv^lpcr  to  apprentice  [lest  management 
specialist? 
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Figure  1-3.  Aiman  Civil  EngiiieeniicStniciuralTavcfncnts  Girccr  Field  Chan. 
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BEST  copy  m\M 


W'luit  is  the  L'r;Rlc  lor  ;jn  appivnticc  pest  iiKniaeLMiiLMil 
specialist  * 


4.    What  is  the  M-SC*  and  urade  spread  lor  tlie  followini: 
positions? 


a.    IMunibini.!  spc.  ialisl. 


b.    I\ive:iie;Us  iiuiinterianee  teeluucian. 


e.   Sanitation  superinteiulent. 


What  is  the  title  and  higliest  grade  that  ean  he  attained 
hy  priMjre^  siiig  up  the  earpentry  ladder? 


^.    Name  the  li\e  specialists  that  ean  progress  up  the  top 
of  the  ladder  ui  the  ,S52XX  AFSCs. 


7.    What  is  ine  title  ol  tlie  >5.^XX  ladder 


006.  Idtntiry  tasks  of  the  55  and  56  career  fields  with 
their  specific  specialty. 

Mission  o\  the  55  Career  Field,  Tiie  Airman 
Stiuetural  Pavements  (\irecr  Field  has  a  mission  of 
V  Misirueting  and  niaintainint:  base  buildings  and 
pa\emeiits.  h  also  ineliides  maintaining  railroads  and  soil 
bases,  perloiining  erosion  control,  and  operating  heavy 
eijiiipmenl.  Using  figure  ! -3  as  a  guide  and  working  froni 
lelt  to  right,  here  is  a  summary  of  the  duties  of  each  career 
laiiderat  the  3devcl  AKSC\ 

Pavement  inointenance  specialist  (AfSC  55150).  This 
s[>eci.iijst  eonstiuets.  maintains,  and  repairs  airfield 
pa\cii  .nts.  streets,  walks,  parking  areas,  and  associated 
diainage.  The  specialist  also  inspects,  maintains,  and 
repaus  railnnai  beds  and  tracks.  The  specialist  operates 
concrete  and  asphalt  hatch  plants  and  rock  crushing 
installations.  The  position  calls  for  sampling  and  testing 
soils,  gravels,  and  concrete. 

Construction  equipment  operator  (AFSC  5515 1).  The 
equipment  operators  holding  this  position  operate  and 
maintain  ecjuipnient  such  as  dozers,  front-end  loaders, 
sweepers,  gradeis.  cranes,  etc,  They  use  this  equipment  to 
IcvcL  grade,  and  fill  surfaces.  They  lift  and  move  objects 


such  as  sand  and  gra\cl.  I  In  specialty  calN  Iim' e\ca\  ating 
ditches.  si;ibih/ing  and  compacting  soil,  and  rcmo\'ing 
snow  and  icc  fnun  suil  uc  aicis. 

Carpi  tin  .  cn/Z/.s/  ;  \  S{ '  S52>0}s  A  suniniary  ol  this 
jol)  includes  (Hil  \\.>'k    (ud  preparuig  materials  for 

us. .  couNtnirttni; .  hmmIh  \  \uy .  and  repairing  huildiiius; 
assembling  ;i!ul  ci  ng  (^lefahricaled  or  portable 
structure:.:  fabric. uinij  aiui  repairing  interior  laci  lities; 
C'Mistructing  packing  :u\A  slnpiMng  containers,  maintaining 
wooduorking  looU.  uis!;i!hng  and  repairing  building 
lKiixi\^.  are;  ,mu1  svi|v  i  \  i^'hl*  v  .apciUiA'  personnel. 

Musotuy  specialist  {  '  5^25().   Notice  m  figure  1-3 

that  as  Jhr  »  .nn^Miftv  snc<  i;tf|sr  the  !!^;:\'.vi!y  specialist 
climb  iIk-  carcci  ladd».T,  the\  botii  become  struclii?;d 
(ecliniciaiis  at  the  7  lc\ci  I  hc  !in-^nr\  specialist  advises 
the  carpenlr\  specialist  in  placciiu  nt  ;{i;d  building  of  forms, 
Ihey  construct  concrete  footings,  loui)d:rt •■)ns.  and  floor 
slabs  and  la>-  brick,  building  blocks,  sio.;.  .  and  tile.  In 
addition.  ilicN  phistci' the  interior  and  cMci  ioj  ol"  buildi ims. 

MvUil  fahriaaiii^  spccuiUst  (A FSC  ;•.:,■> J ) .  Th is 
sjiecialist  rabricates,  repairs,  installs,  and  inainutins  sheet 
metal  articles,  jxirts.  and  assemblies,  sn^h  as  heating  and 
ventilating  ducts,  metal  roofing,  gutters,  and  downsp>outs. 
shower  stalls,  sink  tops,  stcanuablcs.  and  metal  buildings. 

Protective  coating  specialist  (AFSC  55254),  (his 
specialist  applies  coatings  such  as  paint  to  structural 
surfaces.  Prior  to  applying  the  coating,  he  ov  she  must 
prepare  the  surlace  by  eliniiiiating  or  ncutrali/.mg  surface 
lilnis.  The  specialist  makes  surface  repairs  or  patches 
cracks  or  hides  in  wood,  metal,  masonry,  or  concrete 
sLuTa  \  s  with  lillers  or  sealants.  AKo.  h^-  ov  she  aj^plies 
airlield  pavement  and  traliic  markings. 

P(umbin\^  specialist  (AI  SC  55255),  IVis(»nnel  holding 
this  position  read  and  interpret  blueprints  of  plumbing 
installations.  Ihey  select  tNpes  of  materials  uscil  \ov 
plumbing  systems.  Th.\  install  and  mainl<ini  hot  aiul  cold 
water  systems  ;uid  sev.  l'c  s\sicms  and  pluin!>ing  liMuies, 
such  as  heating  device-,  sinks,  toilets,  showeis.  uater 
heaters,  radiators,  steiili/ers,  and  lauiKlr\  niachinerv. 

Efii^ineeritt^  assistant  specialist  (Ai  S(^  55350),  i  hese 
indi\iduals  jierlorni  construction  materials  tests;  iirepare 
engineering  drawings;  perform  plane  siirve\ing:  assist 
professional  engineers  on  [iroieci  design:  and  perform  other 
general  engineering  tasks. 

Real  estate  and  cost  accounting'  speci<dist  (AI  SC 
55450).  fVrsonnel  who  work  m  this  position  maintain 
records  and  accounis  (ny  real  estate  cost-management 
analysis  acli\iiies:  prepare  summaries  of  statistical,  cost 
accounting,  and  management  data  reflecting  aeiiial  versus 
planned  perlorinance  ol'  base  ei\il  engineer  acti\ities; 
'.oniparc  acconplishments  with  objectives:  and  ascertain 
N'aiiiitions  iVoni  work  plans. 

Production  control  technician  (AI  SC  55570),  hi  this 
area  of  C'h.  there  is  no  .S  skill  le\el.  The  >.-SS.^.o  is  cither 
semiskilled  or  an  apprentice.  Note  from  ligiirc  I-.^  that 
input  to  this  career  ladder  is  an\  5de\  el  AKSC  Irom  the  54, 
55.  or  >6  career  fields.  The  technician  for  this  AhSC 
identities.  plans.  nuMiitors.  and  supcr\'ises  work 
requirements  for  maintenance,  rcfxnr.  and  minor 
construction  work  perlormed  by  ci\il  engineerinu  work 
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forces  and/or  contract  and  .supervises  programs  and  work 
control  activities. 

Mission  of  the  56  Career  F-eld.  The  Airman  Sanitation 
Career  Field  includes  operating  and  maintaining  water 
processing  and  waste  processing  plants,  systems,  and 
equipment.  It  also  includes  planning,  directing,  and 
conducting  pest  management  operations.  There  are  only 
two  specialties  in  this  career  field:  pest  management  and 
environmental  support.  A  brief  description  of  these 
specialties  follows.  In  the  next  section,  your  specialty 
description  is  covered  in  detail. 

Pest  management  specialist  (AFSC  56650),  This 
specialisi  plans  and  develops  pest  management  programs, 
conducts  corrective  and  preventive  pest  management 
operations,  operates  and  calibrates  pesticide  dispersal 
equipment,  ensures  proper  use  of  safety  equipment, 
maimams  tools  and  equipment,  and  supervises  pest 
management  personnel. 

Environmental  support  specialist  (AFSC  56651).  This 
worker  operates,  maintains,  and  repairs  potable  water 
treatment  and  distribution  systems:  field  water  treatment 
equipment,  and  waste  processing  plants.  The  specialist 
analyzes  raw  and  treated  water  and  applies  chemicals  as 
required.  He  or  she  monitors  sewage  and  other  waste 
p-otluct  disposal  to  avoid  polluting  the  environment. 

As  you  work  with  people  in  the  55  and  56  career  areas, 
assume  a  cooperative  altitude.  This  of  course  apoiies  to  all 
people  with  whom  you  work.  It  will  help  CE  to  gel  the  jobs 
done  taster  and  belter,  which  is  a  major  objective  of  base 
civil  engineering. 

Exercises  (006): 

I  Match  the  career  field  specialties  in  column  B  with  the 
appropriate  tasks  in  column  A.  Items  in  column  B 
may  be  used  more  than  once. 


(  (tlnntn  A 

—  (  n    f>lan.s  work  for 

minor 

consiniciiDn. 

—  (J>   .Surveys  a 

buikliny . 

—  (.M   Levels  ihe 

CO  nsi  rue  I  inn 
siie. 

—  (4)   C^Mistrueis  the 

LOiKTcte  floor 
slab. 

I:reeis  ihc  frame 
ot  Ihe  building. 

—  {(t)    Bricks  building 

cxierior. 
™I7>   Places  hot  and 


Column  B 

Pa\'cme:us  maintenance. 

liquipmoni  operator. 

Carpcnir\ . 

Masonry. 

Proicciive  coaling. 

Plumbing. 

Engineering  assistant. 
Resources  managmeni. 
Production  control. 
Pest  management. 
Environmental  support 


cold 


pi}x*s 


AH) 


inside  building. 
Installs  gypsum 
boards  for 
inside  walls. 
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Column  A 

~.{^))  J^aints  interior 
walls  ami 
ceilings, 

-(10)    Keeps  rcvvirds 

huddin>! 
-(II)  Constaicts 

parkuu:  .uea 

and    ualks  tor 

building. 
-(12)   OperaiijN  w.uji 

plant, 
f  I  ^)  Poisons 

Monitors 

disposal  of 

trash. 
A  15)  Sprays 

iiiosquiioes. 


1-3.  Specialty  Duties  and  Responsibilities 

if  your  job  wasnM  important  to  the  Air  Force,  it  wouldn^t 
exist.  Without  your  work,  buildings  would  deteriorate, 
morale  would  suffer,  and  even  airfield  safety  might  be 
compromised.  Also,  consider  the  results  if  there  were  no 
control  of  pests,  such  as  termites,  mosquitoes,  and  birds, 
and  youMI  realize  just  how  important  you  are. 

Of  course,  there  are  several  other  vital  aspect.s  of  your 
job.  In  this  les  son,  we'll  dig  deeper  than  in  the  previous  one 
to  fully  identify  your  duties  and  responsibilities  as  a  pest 
management  specialisi  or  technician. 

007.  Identify  responsibilities  of  a  pest  management 
speeiaiist  or  teehnieian. 

Duties  and  Responsibilities.  AFR  39-1,  Airman 
Classification  Rci^uhuion.  is  the  official  document  that 
shows  your  duties  and  responsibilities  as  a  pest 
management  specialist.  A  summary  of  those  duties  includes 
performing  proceilures  for  implementing,  conducting,  and 
evaluating  pest  management  programs  to  achieve  safe, 
effective,  and  economical  control  and  prevention  of  plant 
and  animal  pests.  Read  the  material  in  figure  1-4  to  get  a 
more  detailed  explanation  of  your  duties  and 
responsibilities. 

Pest  Management  Specialist,  AFSC  56630/50.  Notice 
that  the  document  in  figure  1-4  covers  both  AFSC  56630 
and  56650.  As  you  learned  earlier,  the  56630  is  an 
apprentice  pest  manager:  the  56650  is  the  pest  management 
specialist.  Both  use  the  same  job  description,  but  the 
apprentice  is  semiskilled  in  the  listed  duties.  As  you  work 
on  the  job  with  experienced  people  and  as  you  study  this 
CDC.  you  will  become  more  knowledgeable  and  skilled  in 
your  job.  In  a  short  time  you  will  move  up  the  ladder  to 
become  a  full-fledged  pest  management  specialist. 

You  should  read  your  duties  and  responsibilities  a 
number  of  times  so  that  you  know  exactly  what  your  job 
entails.  Later,  in  this  CDC,  y.>j  will  study  the  specifics  of 
your  job — the  actual  pests,  tasks,  and  procedures  for 
applying  control  measures  and  toxic  pesticides. 

^  ^. 
'Oh 
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'PEST  MANAGEMENT  SPECIALIST 

1.  SPECIALTY  SUMMARy 

ft^mx  pKM'ifJiiifl  loi  'HndfimMiiiiif)  riimlufllh;)  i»ixl  fVflliiiilliHj  jw^t  iii^n.v(pmvnl  {ihhImiik  U)  m  Uvw.  ^.if) , 
M.  and  «(»nomiiAl  cimliid  dm!  {-fc^fniinn  til  pliiil  aihI  4iiitiifll  [wslv  lUMfd         njOi'iniiii/  ^ulsirr'i  ii 

3  DUTIES  AND  RESPONSiSIUTlES 


duftii  p«l  mani^ijfnKiil  sm«\'S  And  WArihM  hiUi'titJil 
dilt  III  drtrriiiin<  l\|y  nnd  rKtrnl  oi  pi'tl  m^iitigrtmol 
«[1iuflt  rfquiifd  In  rilMlvely  And  rcDnoniktlly  ii\nltol 
N  ptrvfnl  InlrUAlHmi  by  [VktifftotJk  Arhrnptxii  \fl' 
ifbiiif  p«n,  ifiwmwji  KjKtb.  molliiKr  (\ingi,  ind 
vf^nnllon  Collr<U  ipftimrni  to  tttiblkh.  Kj^nllfy,  ind 
dflwmlnf  pojHiUllun  drniilv,  Riviirhw  hiologiral  jwb' 
Ikilmn^  In  ddrrniinr  brirfiltng  ind  df^ikipnKnl  pm* 
f  i^>vi.  habtUlv,  fl|>[wiranrf  r^rh.  And  olhn  impwtinl 
fhAiailfriMK'i  I'noidlMtrt  ilih  mdkul  Bdivilin  Id  cm- 
ItttI  health  hajtid^  Id  huniani  Aod  dhimtif  Bninuh  whrn 
knouii  f|  viisp  ifd  vpiliifv  rl  dm»u  ttt  dflrrtfO  Umi 
NiiliMjii  ^1  Ubitrator^'  tquipmeiil  ii)  pirp^rr  «nd  nuiiMJin 
roniprrhin^ivr  l<iUirMnr\  di\plA\v  o(  preurvrd  vpfU' 
inirn^  lor  Ihitmng  Mtd  (oi  at^ithg  In  lh(  idfn- 
liliialiori  ii(  Ih'ld  n/li'ctid  >p«'ilnirni  Cixxdluirt  .^m) 
i()i)pfiAtrs  Willi  nihu  Ai])Wifs  m  annui^  rni/ironnira' 
iaI  And  III  (liH'tAtiiTAl  ini[)A(l  III  ptnpatcd  rnim^t' 
rtwnl  |iriK)iAiiis 

mAWijfmi'nt  ptuhhiii  Aiiri.  In  ihr  fvlwl  priidKAMf, 
applif^  In'fgii^tt'il  (Dotfol  (iiiiKipIrt  lon^ltllns  ul  (tub 
inhniqups  i\k  d:tindt|v  impimrd  mAnA^nifnt  nl 
intpoundn)  urttri.  saniiahnn,  ifgilation  irvinagfinfnl, 
ninhAnKAl  ronliiit  And  iKhrr  manipullllvr  praclich  lo 
mintniif?  ilw  m  id  iipstuidfv  5«lmv  apjiiwcd 
pfMinilf I  with  th^  hKjhrst  hr iff'.  i^\k\\\  In  mlnlmljf 
lln'  cfinls  oil  nitiitAfijTl  (»{i^.^nnm»  Cu«|^«|p\  *ilh 
nwdii  rtl  rtmi  irthiM  (^i}i'nnpv  ip  ptpvtnii'ig  tfAW(H>r1^lifi[i 
ol  qiiArADiihitlJi  AnJ  cromimir  ti^tis  Ovrlopi  fl 
lnrtul?dqt  nl  \)f\i\(\^if  \)UY'im  dtid  rhAlUftri^li  i  ami 
[lurliillv  idlhiU'V  Itivlinq  iiMiudioni  lo  nituir  ulrly  li^ 
liiinMii^  iiiid  iliiihp\tii  imv,\\\.  |(<  prnf  nl  d^mAyf  Id 
pniiM-r^  ,iitd  it)r  rniiihiiimtil  MAiDlAint  afiiuAif 
twords  I !  pcMlcidr  uwij* 

f  Gvn/uii»  pifiv/ifHf  /'fiH^r^m^  Id^hiilirt  rowllikmi 
ulikh  ti'ivi  lo  rrf»l«  an  niviidWd  (ondiKiw  lothi" 
tahlivhmpr,,  urA  |itn(wqAlinn  (li  [f  rt  inWuiwMik  And  initl- 
iW\  lotrpdiif  Admn  rnlnitns  pffipntivr  tw/isutfs 
yiirh  /It  tnil  poivintn;),  A|)|i1k  ^lion  ni  ralduAl  l^'MicidPi. 
ftnd  |)'f-fr.A'i*}vi«p  hpfhiiitj.'i  DptPiU  irifipifnl  (n'ii 
P(pldtioiis  and  inituirs  <  nititl  Adinnv  Chrcki  Int 


( liaiij^n  In  I* 'I  irtlvili'  'Imjiio  t"''\'<^livi'  A  ■ i'  [t'fvfnt 
pojMilAllrin  bulliliipt  bfkiik  >  lu'iuuiil  *»'  jtn\An(s  l^i  pru' 
idf  iiiutmurn  rrtldiuii  Ivntliik  loiisiktritl  uHh  rnvirnn' 
nirntil  prntvilkin  loruidfialk^nv  Mdinlilni  iKordi  H 
ipplkd  prntntlvt  ictionV 

Opffatrt  pcitlddf  dlH)fiul  (>jUipiiKnl  M(h  ai  ihcntwil 
and  nwhankul  mnml  ^n(i«iiiiv  lurblnt  mot-duM 
MowPTi,  hydiaiilk  iprAyrn,  uhra  W-volutnc  ^mt- 
lufi,  and  handfownrd  dl^pfiwil  fquipmeni  and  rallbr- 
alrii  lo  itbtiiin  pu'drlmnlnHl  dis^hitf^r  i  droplfl 
iiiei.  and  dlKh^rgf  pattrinv 

PfTioowl.  r.n«itrt  lh<  pfopfi  uu-  ui  Afiprovfd  pffwnat 
pto4rr1lw  h|uipiii<nl  ujch  Ai  rrpiraUiri.  thvHdl  irtll- 
(ant  yl^Af!^  and  apimh,  gai  maiki  and  hiP4thlng  kpk, 
ciHfi«lli.  and  pfiKtTlkf  /not*vdt  and  htadfitaj.  f^tn-KJf  i 
prupftiv  hiixllofllni;  and  calibtBli'd  Qat  ddtdkifi  rquip^ 
mml  fm  In  hjnijj]allon  i)pfTaik>iii.  Enaufpt  lliai 
pMlrldf  mUlng  arrAk  arr  rqulpf)^  uith  ipptwrd 
fntff!]rn(>  limtii  and  t^n  wiih^i 

f  AppliK  prsih'idfl  S<lfi1s  4nd  ApfJiri  priliCHlt'}  to 
arPM,  ofnamfntal  vfgdAtioii,  pfil  v^gi^Btlon,  at^jMit 
aiPAi.  donvvlk  aniimlt  aihI  o^hrr  appliralKini  ai  nftM< 
arv,  including  indotif  and  njtduor  ipact  apptiratlont  tA 
htu^i  and  dutli,  and  ga^  tight  applkiik>oi  u 
hjml^AnU  FunriulMn,  applltv  and  in[wn  d  pnoddn 
in  itnd  luniplUixr  with  li^lr\i(ti«ns  ihi  [:n^ii3'tiwntal 
PiiKfftmr  Agrnfy  (tl'A)  irfiilrtrJ  labrk.  Mliniaim 
Mi'jtitv  and  (iHtlrni  i>i  hmit^vs  mimk 

g  Hmlm t»>ii anrf eguiptni^l,  Mainloliu all 
alrd  ln)li  and  pquipnirnl<  mliiAirt  Authonifd  fquip* 
n»en!  fcn  pfifonWfVf  and  piw  iJ  iraintnuvr,  ind 
ffcumnifmii  tiwdilkAlnini  of  (hanjK^  hlii.vr*  [ttoctirf' 
rDfnl  adinn  lur  ivqukpd  fquipmnt 

p«t  iiMnfl9i;mpnl  p*r«mntl,  Vtvfk  ai  Ipidri  nl  i\n\ 
¥iigAg*d  In  ajiptylnu  pffl  nianaiKm^nl  Irihnliiuo^ 
In^ituni  itpt'iAiint]  p<rwnnfl  (»n  ukiv  pnffAutioni  k 
p«l  man.igpmftil  opfMihns,  Sup^r^ws  pftwwl  *tWn 
intiing,  l?anip»irtin'j,  M'^fiiia,  and  dup^rtiny  n(  lo^k- 
lanm  InMivrts  (wiuinnel  ;it  njvri^linf)  Aiiinlamin!].  utii 
timing  rquipitipni  And  nwiK 
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3  iirtCIALTY  QUALIFICATIONS 


a  Ko(>uWff^Ktni*l^d!jf  ol  h)nli>giiAl  principlpv 
ti>lAiln<i  r'^'^i  '^'^^  '^'^iiix^l  i'lAv^llltailonv  Itfr  rvclp^. 
tiAblMI,  idtfnlillrAlii»n.  di^i'AW  tiatumlhlon,  and  rciv 
ntmm  Imporlancf,  piinniiln  »■  niph^vd  In  Int. 
idfttliK'ing,  Ai)d  ronliollini)  [H)|Hilalirni  d  plant  and 
animAl daMifii'Blinn  iluracteiiiiici,  And  haiiidi  of 
pnllfldp^,  in(ludin<|  lorniulMion  and  «p|ilica(lon  trchni- 
<\m  iind  lib^lk^  Iniftptriall'Hi,  pfUkld*  handling, 
OntA^r  Afkl  dlip()ul  pioccdulri,  Inl^tattd  canttiil  (^l^ 
nittiiri.  ulrtv  ptrcaulltini  and  fifit'ild  lPrhnlq\Ji't,  vlpr< 
imn,  gir,  And  maintrnincr  oi  r^nlpiYxnl  aitd  h\)\y  and 
Alt  Fof(p,  IhPA),  ifvl  Unltrt  5lalf$  Ptpwtriifnl  of 
Agtirultuir  II^OA)  rr|]iilAiK)ni  U  tnandatoiy  t'c^vi- 
tmn  nMihliK'iv  knou'k'dDr  dl  W  dftmnlnrd  acmd 
ma  inAlK  151 


h  UiKumr,  (!iin)nktian  nl  hnjfi  khoiil  with  m\W 
III  l)loK)q\\  I  hpniiitr\'.  And  nutlu'msiirt  w  (k^irabk 

f  f.\|?fiti'tr(i'  l  »|M-itfnrf  m  p#u  niflnA^nwnl  kim- 
tuin^  mh  i\  A|))iliLBiitin  nl  |h>iiii  idct  Aiul  opfiaiion  and 
n\alnt<nanri?  nl  j^MliIdd  di4p*ivAl  *qiii|>n)fnl  \\  nwn- 
dAtoiv 

ij  Imin^  { cmphMw  l^  Vtw  Man»9tTn»*ni  um^  a 
dfilrablv 
f  IXhn 

111  Phviiol  quallDcaiion  k  military  dilviii 
Acf Hiding  to  M'K  t60'43 1«  mAndaiorv  lt>r  ciitiv  m  ihll 
AISC, 

Ul  Nil  rPKitd  ol  nili>|T»ph(i)iia,  (iAUfl(i)phubia.  w 
hvp^rwnkiiivitv  In  (M'^tirtiial  thrrniiAli  iii  arthropod 
vffKinii  ik  inand^ii)^  lot  mr\i  Into  Ibii  AI'SC 

6M59 


I'l^yrc  1-4.  IW  mnaecniciii  spcci;ilis( dunes iinJrcs|)oiisibili[iL'^. 

r,/ 


f  BESICOPUMILABU 


IVs(  Miiiumement  Technician  AFS(;  56670,  Since  you 
will  fMohiil>ly  work  lor  a  tcclinici.iii  supervisor  and  you  will 
work  towap.l  l^-iii^  one,  you  ^luniM  have  some  idea  ol  the 
duties  or  ihal  Job.  Keler  to  figure  1-5,  and  read  it  eareluHy 
helore  you  eoniplele  the  ((allow  ing  exereise.  Since  the  7- 
levcl  technician  has  progressed  through  the  5-level 
position,  natuialiy  he  or  she  is  able  to  p(M  lorni  those  tasks  in 
ad<lition  to  those  pei  lornied  at  the  7  level, 


Kxcrcises  (007): 

I.  Usnig  ligures  1-4  and  1-5.  mark  those  tluties 
piMtaining  to  the  pest  management  specialist  with  a  5, 
and  those  pertaining  to  the  technician  with  a  7.  Some 
duties  may  appiv  to  both  skill  levels. 


and 


evaluates 


( i )  l)e\  elofis        proet  Jures 
ellectiveness. 
_  .  (2)  (\)nduets  pest  management  surveys. 
.(3)  Researches  historical  tiata. 

..(4)  linsures   and   enforces   personal   protection  ol 

persoune! . 
(5)  Selects  anti  applies  [K^st^cides. 
.-.(0)  Analyzes  [K'st  management  problems. 
--  (7)  Maintaitis  records  of  [lesticitle  use. 
_  (S)  Applies  integrated  control  procedures. 

Determines    ctTiciency    ot    pest  management 

procedures. 

-{  10)  Maintains  records  of  applied  preventive  actions. 
—  (  I  1  )  Identities     et>nditions     c(^nduci\*e     to  pest 

nilcstations. 
.  (  12)  Maintains  records  to  acccnmt  for  costs. 
..^(  1  .^)  I^reparcs      schedules      and      makes  work 
assignments. 
(14)  Solves  complex  pest  n* magement  problems. 
. ,  V  15)  l-insures    prt^per    use    ol    personal  protecti(^n 
ctjuipmcnt. 

I  1^1)  Maintains  sccurilx    and  control  ol  hazardous 
nKi!^M  iaK. 

I  !    I  t  iMlvlUv  lS  ( )J  1  . 

I  I S  )  Mamtains  ti^^ls  and  ctjuipment. 


1-4.  Field  Evaluation  of  Formal  School  Graduates 

( Vilainl\ .  for  you  to  perform  your  job  properly,  you  have 
to  he  ellectivcly  trained.  Likewise,  for  us  to  give  you 
accurate  trainmg.  we  need  feedback  from  peopL  in  the 
held.  In  this  lesson^  we'll  discuss  the  graduate  cvaluatio;i 
program,  its  purpose,  and  how  it's  C(^nductcd. 

008,  Stale  the  purpose  of  the  graduate  evaluation 
pro}^raiu  and  the  reasons  for  completing  AF  Form  1284, 
Trainitiii  Quality  Report  (TQR). 

Kvaluation  of  (Graduates.  Vov  AFC  to  determine  the 
effectiN eness  of  lornial  schools  and  Career  IXwelopment 
Courses  (CDC),  it  makes  an  evaluation  of  recent  uraduates 


to  tind  out  how  well  lormci  stutients  are  doing  on  the  |oh. 
This  inU>inuition  is  (Ikh  uscil  t(^  make  adjustments  iti 
training,  and  possibly  m  the  spci  ialt\  training  standard 
(S  I  S).  !  IiesL*  e\  aiuatiiMis  are  used  to  det'.  i  Mijuc  the: 

(I.   AbilitN  1)1  reccfii  LM:uluates  to  perform  their  assigned 
tii.^ks  to  the  k  vel  ol  prol  u  lency  indicated  in  the  S  I  S. 
'  \tent  to  which  il.c  aciiuired  skills  are  used. 

(■    i  Atent  to  w  liK  h  kn«n\  ledge  attained  is  retaincti. 

</.   Need  to  revise  the  S  I  S,  formal  courses,  or  CDCs  in 
ortler  io  nnf^rnvc  trannng  ellectiveness  and  rcsponsiscness^ 
to  iIk  equiremenis  ot  (he  using  comnuuids. 

('.  Need  lor  turther  evaluatii^n  ol  training  problem  areas 
by  this  e\  alualioii  of  graduates. 

We  get  this  informatiim  from  held  evaluatit  fi  \isits, 
direct  correspondence  questionaires.  and  job  performance 
e*  aluation  reports. 

in  iield  evaluations,  peisoimei  Irom  iraniing  activities 
visit  the  using  agencies  to  evaluate  gratluates  who  have 
been  assigned  w  iiliin  6  months.  Hvaluation  data  come  from 
discussions  with  the  graduate,  immediate  supervisors,  or 
o.thers  who  know  about  the  graduate's  performance,  llsinu 
an  SrS  as  a  reference,  the  graduate  is  evaluated  on  the 
frequency  o!  use  and  ability  to  perform  the  tasks  for  which 
trained. 

Direct  corres[iondence  questionnaires  arc  s^nt  to  recent 
graduates  and  tiieir  supervisor.  These  questionnaires  [lertain 
to  the  gratkiate's  qualilicati^in  in  terms  of  the  skill  and 
proliciency  kweis  retlected  in  the  approved  vS  TS. 

Job  perftvrmance  evaluations  are  made  by  the  inmiediate 
super\isor  The  supervisor  fills  out  an  AF  Fnirm  12S4  (tig. 
i  -6)  when: 

a.  A  student  does  not  meet  the  prolicienc\'  le\el 
specified  lor  a  task  or  know  ledge  listetl  in  an  approved  S  I  S. 
To  be  objective,  the  super\isor  considers  the  elapsed  time 
between  graduation  and  opcratii^nal  performance  as  well  as 
the  dilterence  between  traming  equipment  and  operational 
equipment. 

The  gratluate  is  not  required  to  perlorm  tasks  listed  in 
the  SI  S  w  hile  working  in  the  assigned  AFS. 

(  .    1  he  S  rS  code  levels  or  tasks  exceed  the  requirements 
of  the  gratiuatc's  .XFSC. 

['here  are  instructions  on  the  hack  vif  the  form  regarding 
its  completion . 

The  CDC  is  c\aluated  h\  means  ol  a  short  questionaire 
(  1  I  questions)  contained  in  the  VKH  for  the  last  volume  of 
the  course.  Information  fn^n  these  questions  is  then  used 
along  w  ith  other  data  to  revise  the  course  a>  needed. 


Fxerclscs  (008): 

I.   What    is   the   purpose   ot    tlie    graduate  evaluation 
pri^gram 
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AFR  39-l(c1)  Altachmeiit  30  15  March  190?  f:;tN}C!>ve  30  Apr:  1902  A3U  *  G 

AFSC  566/0 

AIRMAN  AIR  FORCE  SPF.ClAl.V/ 


*PEST  MANAGEMENT  "lECHNICIAN 
1.    SPECIALTY  SUrViMARY 

I'crfonns  inui  supervises  pvocinlincs  for  fnipU'incntino,  comhutin'^  .uul  cviiliiiit in;'  jfst  m.ina<ji.Miu'nt  pi<)<p.uns  to 
€^rhi(*».'<'  si^fc.  cff'TtK'C,  <w»  <T(M»o!Tiiral  control  ;in<l  nrrienf  lori  of  pt>>nf  nnini.il  p»'*-is  lu*l,itiul  l)()f^  (  hriipiU  ii>n,il 
*Sii/>t/rou(>.'720. 

2.    DUTIES  AND  RESPONSIBILITIES 


i\.  I*rt)\.  i(U's  iidvii  i'  on  tl:r  ^^clittion  of  prohlrius  nssocii^d'd 
with  /)c.s7  /ii.i/ujyc/iK'/ir  Advisc's  suhordiniitcs.  siipi'riors. 
«»nd  other  rorKcrocd  pfrsoDnel  in  pli^Dniny  and  ni«innjijn<j 
prsi  in<in<iyonH'nt  pr()yr«'ims-  Solvrs  coiDpIcx  pest  man- 
ancincnt  problems  and  iu  (  tmiplishcs  tiisks  bt'yonci  tlu' 
tcthnici)!  copal. ilitics  of  Pest  Management  Specialists. 
M«.kes  appropriate  recnniiticndations  to  other  at^encies 
when  probleniLi  reqiilre  action  beyond  the  scope  of  pest 
ni«tiiai)eii)ent  capabilities.  t)cvelo;)s  procediircs  for  prob- 
lems fuit  covered  by  precedent  and  evaluates  effective- 
ness. 

b.  ^'erA>r/i)*J  tvchnicfil  j.H'St  /ria/iayc/nc/jf  hiin  tions.  Plans, 
develops,  supervises,  and  evaluatc's  pest  nianagenient 
procranis;  supervises  pest  nianaycnient  operations,  pre- 
ventive proyranis.  and  operation  and  cabSration  o{ 
pesticide  dispersal  equipment.  I'lnsures  and  enforces  per- 
fronal  protection  t)f  pest  niana^enuMit  personnel.  Selects 
and  applies  pestic  ides  and  mninlcun^  to<iIs  and  equipnient. 

c.  A/a/ia<*e-s  pest  /iia/?a5jc/r/e/if  *icti\.'itics.  bispccts  b\ii!d- 
in<j.s.  materials,  supplie*..  equipment,  shops,  and  grounds. 
Oeternunes  effieiencv  of  pest  nianaqemenl  procedures 
for  proventinn  and  lontiol  of  arthropods,  vertebrate 
pests,  vegetation,  arul  lunqi.  -Supervises  and  insp*  i  ts 
technieal  pest  inanatie'>^*'nt  optutuions  to  ensure  comp- 
liance with  pertinent  requlations.  (insures  that  all  applic  a- 
lioiis  of  toxie  substauees  comply  with  m-.i i urtions  piiuled 
oil   l.uvlrunm<'i)tal   Pioiiu  siou   Aqeuru  u'qisteied 


labels,  (ensures  s.ife  sloraqc.  btUuHint}.  iuu!  trau'-iHirt^ilion 
(d  toxic  substauees.  I:nsur<*s  limely  niainteiu.  «•  ,uul 
set  ore  storaye  of  tools  «uid  etju'pment.  Knsir  i  '.  the 
envir(M)ment  is  not  threaleneil  by  pcstit  ide  misuse  l'<'r- 
ftjrms  continuous  surveilLuu  e  of  facilities  and  opei«it»ons 
to  ensine  earlv  detection  of  safety  hazards.  Monitors  p*  st 
manaqement  operations  closely  to  ensuri-  in<'.\iinum  cost 
effectiveness.  Maintains  recortis  to  account  f<n  cDsts.  to 
compile  historical  data,  aiul  to  ensme  effertiveness  of  the 
overall  pest  manaqemi'ut  proqrani.  Hevieus  results  of 
operational  data  in  an  effort  to  improve  the  pesl  maiuuje- 
ment  proqrtuu. 

d.  Supervises  pest  nitjnuijciiwnt  personnel.  Observ  es 
workers  duriny  performance  vif  duties  to  ensure  <  nmp- 
liance  with  apj)lieable  requlations  and  prescribed  pro- 
cedures. F.nsures  that  workers  coviply  with  111 'A 
registered  labeling  instructions  when  formulating.  «ipply- 
ing.  and  tlisposing  of  toxic  substances.  Takes  immediate 
action  to  correct  unsafe  |>racti(  es.  impropei^y  funetioning 
et^uijuuent.  and  olhi'i  deviations  fron>  prescribed  pro* 
cedures.  Prep«'ires  schedules,  makes  work  assignments 
and  follows  up  to  ensure  coinpliaiu  e  with  work  schedules 
and  assignnieuts.  Maiutuins  records  on  assigueti  person- 
nel and  performs  retiuired  per'odie  perform^mee  evalua* 
lions.  Orients  riew  personnel,  <'onduc}s  on-lhcjob  train- 
ing. .u>d  ensures  ndlu'rerice  to  <dl  applicable  p<Msonnel 
.lirectives. 


3.    SPECIALTY  OUALIFICATIONS 


a.  fsiny\i  !e(Ufe.  Knowledge  of  bitdogic.d  principle.  u'l«it- 
ing  to  plant  ar)d  arunud  elassification.  life  cycles,  habiiat. 
identification,  disease  transr^iissioii,  arul  eccmnmie  inq)or~ 
tance;  principles  employed  in  surveying  for.  identifyiruj. 
and  controlling  populations  of  plant  and  animal  pests: 
dassificalioru  characteristics,  and  hazards  of  pesticides, 
ineludiny  formulation.  app]icatu)n  and  disposal  techni- 
ques an<l  Iabe1ir)g  interpretations:  pesticide  handling, 
storage,  and  disposal  procedures;  inte<5rated  control  tech- 
nique*:: ^fuvitonmental  protection  technique's;  safety  pre- 
cautions and  first-aid  techniques;  selection,  use.  and 
niaintenarue  of  equipment  and  tools;  and  pertinent 
regulations  is  mandatory.  Possession  of  mandatory 
knowledge  will  be  determined  according  to  AFK  35-1. 

b.  iixperienee.  Qualification  as  a  Pest  Management 


Specialist  is  mandatory.  Ij-  addition,  experience  iii  per* 
forming  or  supervising  fiiru  t i(Uis  such  as  testing,  controll- 
ing, and  preventiruj  insects  and  othtT  artbro|)ods.  vertebr- 
ate pests,  vegetation  arul  fungi:  or  inspecting,  iroub- 
lestuutting.  ar)d  operating  spraying,  duf.ting.  aiul  hmiigat- 
ing  equipment  is  mandatory. 

c.  Trtiinintf: 

(1)  Completion  of  an  advancetl  pest  maruujement 
course  is  desirable. 

(2)  Ccmipletion  of  prescribed  7-levei  management 
ctuirse  is  mandatory. 

d.  Otlwr.  No  history  of  ent(unophobia.  cLuistrophobia 
or  hypersensitivity  to  pesticidal  cherTiic«ds  or  arthropod 
venoms  is  mandatory  fc**  aw<ird  arul  retention  of  this 
Al  SC. 

BB-  160 


Figure  1-5.  Pest  uianagLMucnt  technician  duties  and  rcsponsibiiitjcs 
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Precision  Radar 


I  SSgt  Jo<  Q.  S»l*;h 


12b, c 


SSgt   Doe  was  unfamiliar  with  fllshl   plan  and 
control   Information,   required  extensive  OJT  to 
meat   the  "2b"  icandard. 

Hot   famlllnr  with  clearance   llmltB,  airway 
atructuret,   clearancaa   from  cancer. 

Hot   aufftclently  trained  on  applying  ieparatlon 
radar  or  nonrndBr  to  progrcsa  JCC I  a f a; ; or H y  to 
higher  aklll   leveU.     Repeated  OJT  requlrad  to 
laaat  nlnlnuo  requl  reraant »  , 

individual   could  not   operate  preclsJon  radar; 
totally  unfamiliar  with  procedure:.,     sSKt  [V>e 
atatad  he  did  not  retaeaber  coverlnR  the  subject 
matter  during  tech  school . 


Figure  1-6.  Sample.  AF  Form  12«4. 


2.   List  three  requirements  tbr  the  supervisor  to  complete 
AFI'orm  I2S4, 


Personnel  from  trainini:  activities  visit  using  agencies 
within  how  many  months  after  the  graduates  are 
assiiined? 
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CHAPTER  2 


Managing  Activities  and  Resources 


TWV.  MANAGHMHNT  philosophy  of  the  Air  Force 
includes  getting  njaximum  elTieieney  for  each  dollar  spent 
while  reaching  planned  ohjectives.  This  means  you  must 
use  human,  material,  and  linaneial  resources  as  elTc^tively 
as  possible  to  meet  the  organization's  goals.  As  you 
.supervise  or  work  with  people,  ask  and  answer  these  two 
questions:  "Is  the  job  being  done  well?"  and  'Ms  there  a 
better  way  to  do  it?" 

The  key  to  improving  work  isn't  necessarily  an  attempt  to 
speed  it  up  by  prodding  people.  Substandard  work  may  be 
brought  up  to  standard  by  planning  projects  better, 
improving  material  support,  eliminating  delays,  and 
coordinating  with  other  people.  So  plan  your  projects  well 
with  activities  and  resources  in  mind. 

2-1.  Managing  Activities 

I'hc  Air  Force  owns  a  tremendous  amount  of  properts' 
thai  nuist  be  operated »  maintained,  and  managed  properly. 
To  do  this,  the  Air  F  orce  uses  a  program  concept  that  is 
planned  in  advance.  The  program  includes  allotting 
materials  and  labor  hours  for  work  and  services  done  by  CH 
troops,  \  arious  management  techniques  and  forms  arc  used 
by  CI-.  personnel,  and  information  is  maintained  in  a 
computer,  l^rintouts  from  the  computer  give  data  that  helps 
(*H  managers  make  effective  decisions. 

009.  Specify  characteristics  of  the  civil  engineering 
numageineiit  system. 

C'ivil  luigineering  Management  System.  Have  you 
ever  heard  the  phrase  "prior  planning  prevents  poor 
performance"  Well,  its  true,  particularly  when  its  applied 
to  civil  engineering.  Satisfactory  job  performance  is 
possible  when  good  planning -hu  good  management — is 
exerci.scd.  Let's  look  into  what  the  CK  management  system 
is  like  and  how  it  works  to  meet  the  variety  of  ba.se 
engineering  needs. 

Production  control  center.  Althouizh  yoa  won't  find  it 
on  the  BCH  organizational  chart.  m<  production  control 
center  (PCC)  is  the  nerve  center  of  CE  operations.  It 
includes  a  variety  of  people »  generally  in  one  main  location, 
who  uiroei  CUi  work  activities.  Personnel  in  the  PCC 


include  the  chid'  of  operations,  chief  ol  icsourccs  and 
requirements,  programmers,  schedulers.  ciM  t rollers,  and 
superintendenls.  There  is  also  the  service  call  looin  and  the 
customer  service  unit  (CSU). 

The  PC'C's  motto  could  easily  be  "{Mojier  planning  to 
ensure  professional  performance."  Ilel])ing  the  BC*i:  fulfill 
the  responsibilities  of  effectively  maintaining  base  tacililics 
doesn't  just  happen,  however.  The  PCC*  uses  a  variety  of 
techniques  to  make  sure  work  needs  arc  identified  and 
satisfied. 

Facility  survey,  l  his  is  one  of  the  main  tools  used  by  the 
PCC  identify  work  needed  on  base  facilities.  I'acilitv 
surveys  are  made  periodically  on  pavements,  buildings, 
grounds,  and  utility  systenrs  to  ;denlif\  major  work 
requirements. 

I'he  chief  of  planning  usually  picks  surveyors  who  arc 
familiar  with  the  facilities  and  types  of  work  involved.  Fhe 
surveyor  records  work  requirements  on  W  I-orm  1135, 
BCB  Real  Property  Maintenance  Request,  aloiiu  w  uh  mugh 
work-hour  estimates  by  shop  for  each  work  request  on  the 
form . 

After  the  form  has  been  processed,  the  CSU  lexicws  it 
and  prepares  the  apr  .  opriate  work  authoi  i/ai  mn  documents 
(we'll  discuss  these  later  in  this  ch;ipler). 

Recurring  work.  Of  course,  not  all  the  work  done  by  Cii 
needs  to  be  reported  in  a  facility  survey.  When  there  is  a 
series  of  jobs  consisting  of  operations,  recurriiv 
maintenance^  service  work,  and  other  work  tor  which  the 
scope  and  level  are  known  without  an  earlier  visit  to  tlic  job 
site*  we  call  it  rccurriti\^  work.  Recurring  work  incluiles 
such  jobs  as  snow  removal,  pest  management  services, 
cleaning  pavements,  and  cutting  grass,  liasically.  this 
program  encompasses  all  work  of  a  normally  recurring 
nature  except  utilit_\  operations  and  contracted  services. 

NOTl-!:  You  want  to  be  careful  about  adding  pest 
management  operations  to  the  recurring  work  program. 
There  are  many  {actors  that  can  affect  leeular  pest 
management  schedules,  such  as  the  weather.  tl;e  season,' 
pest  populations,  the  presence  of  nontarget  animals,  etc.  In 
Volume  2.  you'll  learn  about  conducting  pest  management 
surveys  and  documenting  your  findings.  Use  these  findings 
to  determine  if  certain  pest  management  functions  in  your 
shop  should  be  included  in  the  recurring  work  schedule. 
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l-or  services  and  operations,  the  shop  supervisor  reports 
recurring  work  requirements  on  AF  Fomi  I84K 
Maintenance  Action  Sheet,  This  form  tlicii  sent  to  the 
section  superintendent  tor  approval,  .  le  hours  workers 
spend  on  recurring  work  are  authori/  a  on  AF  Form  5Ci\ . 
Base  Civil  Kngineering  Weekly  Wor'  >chcduk  ,  Controller 
a>signments  are  made  and  controlled  either  by  daily  or 
weekly  wo«k  packages.  The  worker  keeps  the  job 
completion  cards  together  for  each  package  until  he  or  she 
rep(jrts  that  the  jobs  are  completed,  Wiicn  the  work  is  done, 
the  worker  calls  the  controller  to  report  the  completion  time 
and  the  actual  amount  of  time  it  took  to  do  the  work, 

Ifiservice  Work  Plan  (IWP).  You've  probably  heard  of 
IWPs,  and  there  is  much  we  could  discuss  about  them, 
I'heir  impact  on  you,  iiowcvcr,  is  minimal.  Briefly,  IWPs 
are  used  to  time  phase  work  done  by  the  shops  and  to  make 
and  keep  commitments  to  BCK  customers.  It  allots  work 
hours  to  repairs,  maintenance,  operations,  services,  and 
Cli-initiated  minor  construction  work.  The  IWP 
programme'*  uses  the  report  to  ensure  that  workloads  are 
adequate  to  keep  all  shops  productively  employed. 

liasc  engineer  automated  management  system.  In  civil 
engineering  it  is  necessary  to  keep  an  enormous  amount  or 
rccoriis.  These  records  include  the  amount  and  types  of 
pesticides  dispersed  on  base;  amount  of  refuse  disposed; 
labor  hours  required  to  operate  water  plants;  and  size, 
shape,  condition,  and  cost  of  each  facility.  Many  other 
recoriis  are  required  by  law  to  be  kept.  Even  your  name  and 
employee  number  are  part  of  the  records.  When 
information  of  this  sort  is  needed,  civil  engineering  merely 
asks  the  computer  in  symbols  it  understamls  to  furnish  this 
iniormation.  In  v  matter  of  seconds  the  computer  replies 
with  up-to-iiate  answers, 

riic  name  used  to  identify  the  automated  data  processing 
system  is  BHAMS,  This  abbreviation  stands  for  base 
engineer  automated  management  system.  The  computer 
useil  is  the  Bunoughs  B~35()n.  BbAM.S  provides  a  means 
ol  automating  a  large  number  of  civil  engineering  records 
and  iiles.  I'hese  files  arc  maintained  with  ease  and 
efficiency-  It  is  important  that  they  provide  information  for 
a  gn^al  \a!iety  i>f  computer  products  that  are  available  to 
managers  on  demand.  These  products  are  used  by  managers 
to  make  many  important  decisions.  Actions  of  'iiost  all 
personnel  within  civil  engineering  affect  the  infonnation 
within  the  c<nnputer  files  and  records  and.  ultimately, 
uitluence  the  conteiu  of  the  management  products.  These 
nilluences  are  either  direct,  as  are  the  actions  of  personnel 
wiK>  maintain  cost,  real  property,  work  control,  and 
pn^gramming  record  files:  or  indirect  by  the  actions  of 
perstHinel  who  report  the  labor  hours  and  materials  uscvl  to 
finish  an  assigned  job.  It  is  of  utmost  importance  that  all 
civil  engineering  people  know  that  their  actions  directly  or 
indirectly  influence  the  accuracy  of  the  information 
contained  in  the  automated  system  and,  consequently,  the 
management  products  that  the  system,  produces.  The 
reliability  of  their  contribution  builds  their  own  faith  in 
BliAMS  and  the  decisions  of  those  who  use  it. 

Kxercises  (009): 

Identify  each  true  statement  and  correct  the  ones  that  are 
false.  ' 
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1*he  customer  service  unit  is  the  nerve  center  of 
CH  operatitMis. 


A  facility  survey  is  periodically  made  for  each 
iacilitv  v/H  base  to  identify  major  work 
requirements. 


The  facility  sr.rveyor  identifies  work 
requirements  on  AF  Form  561,  Base  Civil 
Engineer  Weekly  Work  Schedule, 


4,  Work  lor  which  the  scope  and  level  is  known 
without  an  earlier  visit  to  the  job  site  is  called 
inservice  work. 


Recurring  work  requirements  are  reponed  by 
the  section  superintendent  and  approved  by  the 
chief  of  operations. 


6.    Controller  assignments  for  recurring  work  are 
made  by  either  daily  or  weekly  work  packages. 


7.  As  each  work  item  is  completed,  the  worker 
informs  the  controller  as  to  completion  time, 
actual  time  requirements,  and  materials  used. 


8,  Work  hours  for  maintenance,  operations, 
services,  and  CE-initiated  minor  construction 
work  are  allocated  in  the  inservice  work  plan. 


9,  The  base  engineer  automated  management 
system  (BEAMS)  is  used  to  process  civil 
engineering  records. 


010,  Identify  Air  Force  form,s  used  for  requesting  ^iven 
work  orders. 

Requesting  Work.  The  reqrests  for  work  to  be  done  (m 
an  Air  Force  base  far  exceed  the  CH  resources  available. 
Resources      for      essential      construction,  operatitm. 


6^ 


1^  ^O^f^  8^ 


■  .  autuDtH*  on  rAciuiTv  mo, 


■    WOKH  nSOUKSTKO 


Xostaz-z.  PoRiis  Alaj^m  Swi.-reA} 
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ADOiTiOUAt.    PaoTtc-r«o/J   TO    THE  ^p^KUi. 


CODROiNaTION  (Offlcr  Symbol,  /mtmh  mnd  O 
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Figure  2-1.  Sample.  AF  Form  332. 


maintenance,  repair,  and  services  must-  be  given  first 
priority.  lt\  lor  example,  you  want  150  feet  of  concrete 
sidewalk  eonstructed  near  your  shop,  you  would  request 
this  work  on  an  AF  Form  332,  BCE  Work  Request  (fig  2- 
1 Bccau.se  of  the  large  number  of  work  requests,  you  must 
explam  why  the  work  is  needed.  You  must  also  include  an 
impact  statement — that  is,  a  justification  concerning  your 
organization  and  its  missioii  if  the  work  is  not  done.  The 
approving  authorities  will  use  this  justification  to  decide 
which  work  should  be  approved.  Since  the  mission  comes 
first,  it  is  obvious  that  those  requests  that  have  the  greatest 
iiupad  on  the  mis.sion  have  the  best  chance  of  being 
approved. 

BCE  Work  Request  (AF  Form  332).  There  are  a  number 
of  ways  people  may  request  work  or  service>s  from  civil 
engineering.  One  way  is  to  use  AF  Form  332.  This  form 
may  be  used  as  a  request  for  work  and  as  a  work  approval  or 
disapproval  document. 

Since  you  may  desire  to  submit  an  AF  Form  332  to 

quest  work,  you  should  know  the  types  of  work  that  apply 

ihc  form.  The  332  is  used  to  request: 

</.  Inscrvicc  construction  or  minor  construction  work. 

h.  Maintenance  and  repair  work  done  by  contract. 

c.  Work  on  leased  facilities,  except  minor  repairs. 


d.  Self-help  work. 

e.  Locally  manufactured  supply  or  equipment  items. 

/.  Minor  construction  work  costing  less  than  $2000  for 
base  facilities  or  $100  for  military  family  housing. 

You  should  have  no  trouble  preparing  the  work  request 
since  instructions  are  on  the  back  of  the  form.  Figure  2-1  is 
a  completed  copy  of  the  front  of  the  tbrrn.  The  description 
of  the  work  requested  (block  9)  should  be  supported  where 
possible  by  sketches,  plans,  diagrams,  specifications, 
photographs,  drawings  or  any  other  information  that  will 
provide  a  clear,  complete  description  of  the  work  you 
request. 

Notice  item  23  of  figure  2-1.  It  is  the  BCE's 
recommendation.  The  approving  authorities  use  this 
recommendation  and  other  data  on  the  form  to  deci('/  its 
action  or  approval.  If,  for  instance,  the  ba.se  civil  engmeer 
recommends  disapproval  because  required  resources  are  not 
available,  it  is  highly  probable  that  the  board  will 
disapprove  the  work  request. 

BCE  Real  Property  Maintenance  Request,  AF  Form 
1135.  Building  euslodian.s  and  facility  survey  inspectors 
use  AF  Fonii  1135  (fig.  2-2)  to  identify  for  CK  routine 
maintenance  and  repair  needs  for  the  facilities.  Examples  of 
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BCE  REAL  PROPERTY  MAINTENANCE  REQUEST 


an  •rmrgw>cv  or  uP0»nt  In  nature.  P»«p«r»  and  forward  oHQinal  and  onm, 
copy  to  BCE  for  each  facUity  on  which  work  ii  raquattMj.  Kaap  tha 


TO:  Bata  Civil  tnginaaring 

FROM:  (Name,  Grade,  and  Ornanization) 

RETURN  TO:  (Offiee  SymholJ 

Dbhp 

1.   FACILITY  NO.  OR  MFI^J  STREET  ADDRESS 

2.   PHONE  NUMBEF 

US) 

3,  D  E  sc  R 1 PT 1  o  NO  fworkreouirEMEnTsM  tHotoitxH  dctcfiption  itf  main  tcnan  cr  rcquiremen  tfsj  will  ,nin  i 
mizc  the  need  for  CE  oenonnet  to  yitlt  the  fob  site  to  determine  what  work  is  requested  and  y^har  tooh  rqutpntrnt 
^fd  materuh  are  needed,  thereby  completing  the  work  on  the  /trtt  mt tempt.  Answer  these  questions:  What  ? 
J^fiere?  How  many?  Typefuie?  Color?  Rate?  Urgency?  Time  rettrictlons?) 

FOR  CE  USE  ONLY 

0.   DATE  RECEIVED 

i            Cm  ^3  A  §                ^  .  ^       .  §  _M  ^             _   ^ 

10.  ACTION 



2.  ficfLftce.    ooof.    icfl/iz?  on  ifiTE.RiOA  fiog>a 

■  — •  



4.   DATE  OF  REOUeST 

ty/yiorJ.  fr3 

SIGNATUREJ3fi  REQUESTOR 

B.    RE  VIEW/ACTION  BY 
CUSTOMER  SERVICE 

DATE 

SIGNATURE 

0.    REVIEW/ACTION  SY  CHIEF 
PRODUCTION  CONTROL 

DATE 

SIGNATURE 

7.   ASSIGNED  FOR  ACTION 

A.  FUNCTION/INDIVIDUAL 

a.  ACTION  RcQUlREO 

•l  customer  notified 

DATE 

SIGNATURE 

AF    MAR  T*  rncvious  COITION  wiui.  uaso. 


STATUS  COPY 


ERIC 
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tliis  lypc  1)1  work  aiv  repairing  a  screen  tloor  on  MFH, 
replacing  cracked  Hoor  tiles  in  a  building,  and  repairing  a 
leaky  cold  water  faucet  in  a  latrine. 

Service  calls.  The  service  call  method  of  requesting 
work  is  used  for  ernergcncy  and  urgent  job  orders. 
Kxamples  of  emergencies  are: 

a.  Loss  of  steam  in  a  steam-heated  building. 

h.  Water  flooding  tiie  iloor  in  a  kitchen. 

c.  Water  pressure  failure  in  military  family  housing. 

d.  Electrical  power  t'ailure  in  a  facility. 

e.  Clogged  plumbing  in  a  latrine. 
/,  Leak  in  a  natural  gas  line. 

g.  A  window  knocked  out  in  subzero  weather. 

When  situations  similar  to  the  above  occur,  the  service 
call  is  used  to  correct  them.  Under  the  service  call  concept, 
BCH  uses  two  ways  to  meet  emergency  needs:  the  do-it- 
now  (DIN)  service  call  and  the  shop  referred  service  call. 

Do'it-now  (DIN)  service  calls.  If  you  murt  call  the 
service  call  specialist  (SCS)  in  CE  regarding  an  emergency 
situation,  such  as  a  stuck  latrine  valve,  the  service  call 
specialist  will  notify  a  DIN  plumber  by  two-way  radio  and 
dispatch  him  or  her  to  your  location.  The  DIN  plumber,  like 
other  siiop  workers,  has  a  DIN  vehicle  stocked  with  pans, 
tools,  and  equipment  needed  to  perform  service  call  work. 

The  goal  of  service  call  management  is  to  get  the  job 
done  tight  the  first  lime  and  every  time.  You  should  expect 
the  DIN  plumber  to  unstick  the  latrine  valve  and  perform 
maintenance  on  it  so  that  it  will  not  stick  again.  CE  expects 
DIN  workers  to  complete  the  job  on  the  first  trip  to  the  job 


site.  To  do  lliis,  the  .SCS  must  get  all  the  inlormation 
nec  essary  to  clearly  describe  ilie  job  to  the  worker.  The  SCS 
must  be  courteous  but  must  find  out  if  a  danger  exists:  what 
the  problem  consists  of;  when,  where,  and  how  it  happened; 
make,  type,  size,  or  color;  urgency  of  need;  and  any  time 
restrictions.  Although  iliere  is  not  a  time  established  for 
DIN  calls,  it  is  essential  that  the  DIN  capability  be  kept  as 
mobile  as  possible. 

Slwp  referred  service  calls.  A  service  call  can  be 
referred  to  a  shop  only  with  coordination  tiirough  the  PCC. 
A  service  call  would  be  referred  to  a  shop  for  completion  if 
it  meets  at  least  one  of  the  following  conditions: 

a.  If  the  work  appears  to  be  beyond  the  DIN  capability. 

h.  If  the  DIN  craftsman  is  unable  to  complete  the  work. 

c.  If  the  work  would  require  more  than  a  reasonable  time 
to  be  completed  by  the  DIN  craftsman,  (Not  limited  to  one 
hour  but  should  not  be  tied  up  for  several  hours,) 

For  any  service  call  referred  to  the  shop,  tiic  service  call 
specialist  prepares  an  AF  Form  1879,  BCli  Job  Order 
Record  (fig.  2-3). 

Exercises  (010): 

For  each  of  the  tbilowing  written  requests  for  work, 
indicate  whether  it  should  be  submitted  on  AF  Form  332  or 
AF  Form  1135.  Write  the  correct  fonii  number  in  the 
appropriate  blank. 

 1.    Request  BCE  to  repair  floor  tile  in  MFH 

quarters. 


FACIUTY  NO. 


ACTIVITV  OR  STWECr  ADDRESS 


4AMC  AND  GRADE  OF  f^EQUESTOR 


 JOn  OWDCW  NO. 

PHONE  NO,/ ALTERNATE     ICOU-CCTION  WORK  ORDER  NO. 


SERVICE  REQUIRED 


zoNe 

NO, 


TYPE  OF  SERVICE 


EMERGENCY 

SMART 

URGENT 

M  FH 

ROUTINE 

MC 

WORK   ID  COOC 


CSTIMATCD    TOTAL  TIMC 


REOUIRED   COMPLETION  DATC 
AREA/FACIUTY  WHERE  .lOB  IS  UOCATED 


CSTIMATCD    COMPLCTION  DATC 


CREW  S42E 


ACTUAL   TOTAL  TIMC 


REMARKS  (Tools,  equip,  maicnais.  special 
craftsman  multi-shop  notes,  etc) 


DANGEROUS  CONDITIONS  EXISTING  (if  any) 


RESTRICTIONS  (time,  entry,  security) 


MAKE  OF  CQUIPVM^NT 


ASSIGNED  TO 


REFERRED 
TO 


DEFERRED 
TO 


TYPC/SJZC  OF  ITEM 


coMPucTco  av 


COMPLIED  BY 


DATE  TIMC 


DISPOSITION 


COLOR  OF  ITEM 


AUTHORIZCO 


AF 


1879       PREVIOUS  COITION  IS  OBSOLCTC. 

Figure  2-3.  AFForm  1879, 
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BCE  JOB  ORDER  RECORD 


L     Request  \KM  to  erect  a  new  wall  in  an  existing 
building. 


3.  Request  BCE  approval  for  you  to  paint  your 
shop  office  and  locker  room  using  BCE- 
supplied  paint  and  materials. 


.4.    Request  BCB  to  repair  door  hardware  on  an 
exterior  metal  door. 


5.     Request  BCE  to  construct  an  equipment  storage 
shelf  for  your  shop. 


Identify  these  statements  as  being  true  (T)  or 
false  (F).  Correct  the  false  statements. 
.6.     Replacing  two  damaged  roof  shingles  in  an 
MFH  should  be  requested  through  service  ciiU. 


.7.    You  should  call  service  call  if  the  backdoor  of 
your  shop  won^t  lock  at  quitting  time. 


.8.    Service  calls  are  used  only  for  urgent  and 
routine  work. 


.9.     If  a  DIN  worker  can't  complete  an  emergency 
job,  it  will  be  referred  to  a  shop. 


/;C7i  J(fh  Order  Record,  AF  I  arm  IS79.  The  IK  l-  job 
order  record  is  probably  the  one  you  sec  the  most  dig.  2-.^). 
It's  used  to  authorize  work  that  doesn't  need  detailed 
planning,  special  costing,  close  coordination  between 
shops,  or  lots  of  materials.  In  addition  to  emergeney  and 
urgent  .service  call  'xpe  jobs,  AF  Form  187^'  also 
authorizes: 

a.  Routine  work  work  that  should  be  dv>ne  within  30 
calendar  days  but  doesn't  qualify  as  enieigeney  or  urgent 
work. 

Structural  maintenance  and  repair  team  (SMART) 
work — read  on.  weMI  discuss  this  h^*  t, 

c.  MFI  l  work — minor  work  costing  less  than  SlOO, 

d.  Minor  construction  work — work  (not  in  MFH)  costing 
less  than  $2000. 

Base  Civil  Engineer  WV/rA'  Order,  AF  Form  327,  This 
form  is  used  to  authorize  work  needing  detailed  planning, 
special  costing,  close  coordination  between  shops,  or  large 
bills  of  material  (fig.  2-4).  Work  authorized  by  this  form 
isn't  likely  to  directly  affect  you  as  a  pest  manager,  but  an 
AF  Form  1879  may  be  submitted  that  calls  for  pest 
management  work  to  support  a  larger  operation  covered  by 
AF  Form  327, 

BCE  Multi-Craft  Job  Order  Record,  AF  Form  12 19, 
This  fonn  is  used  to  authorize  structural  maintenance  and 
repair  team  (SMART)  work  and  multiple  family  housing 
(MFH)  renovation  jobs  (fig.  2-5).  The  SMART  team  has 
workers  with  various  AFSCs  who  perform  routine  minor 
maintenance  and  repair  work  in  high-use  facilities  such  as 
MFH  and  dormitories.  As  you  read  earlier,  AF  Form  1879 
can  also  be  used  to  authorize  SMART  jobs.  Here's  the 
difference:  The  AF  Form  1219  is  the  primary  form  for  this 
type  of  work.  But  after  it's  approved  by  the  PCC  chief,  if 
new  SMART  team  work  is  needed  in  addition  to  what's 
listed  on  AF  Form  1219,  this  new  work  can  be  authorized 
simply  and  quickly  on  AF  Form  1 879. 


10.    If  your  MFH  tub  is  stopped  up,  you  should 
report  it  to  service  call . 


Exercises  (Oil): 

Indicate  which  form  (AF  Form  1879,  327,  or  1219)  should 
be  u.sed  to  authorize  the  following  work  actions.  Write  the 
correct  form  number  in  the  given  blank. 


Oil,  Cite  the  work  authorization  form  needed  to 
perform  various  work  actions. 

Work  Authorization  Documents.  All  CE  work  must  be 
authorized  on  official  work  documents;  but  AF  Forms  1 135 
and  332  are  not  work  authorizing  forms  in  the  strict  sense  of 
the  word:  they're  work  request  documents.  Even  when 
they^re  approved,  they  are  not  the  types  of  forms  needed  to 
spend  Air  Force  resources. 

You  will  come  in  contact  with  three  Air  Force  Forms  that 
authorize  spending  resources  (materials  or  labor  hours). 
They  are  BCE  Job  Order  Record,  AF  Form  1879;  Base 
Civil  Engineer  Work  Order,  AF  Form  327;  and  BCE  multi- 
Craft  Job  Order,  AF  Form  1219. 


I.     Apply    pesticide    to    base    headquarters  tor 

cockroach  control . 
2-     Replace  tile,  paint  walls,  and  repair  bathtub 

plumbing  in  vacant  MFH. 

3.  Apply  new  tile  caulking  to  MFH  bathroom. 

4.  Construct  new  parking  lot  next  to  control  tower. 
Apply  soil  sterilant  before  pouring  concrete, 

5.  Replace  dryer  receptacle,  replace  safety  strips, 
and  install  new  doorknob  in  dormitory  laundry 
room. 

6.  Install  three  partitions,  10'  x  20  x  8'  each, 
with  security  wire  from  top  of  partition  to 
ceiling. 
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A.CQNTROl 


•.OTHIR 


l.mTIMINTOPWOI|H 


I  «ORK  RIOUUT 

NO. 


I.PIOJICTHO, 


I,  NIQUIITINf  NAMI  AND  PHONC  NO. 


If^imt  z  £/9,  Pi)/?TiTiortj  to  n  to'iif  tfiTrf  sterna 
WIRE  FRpft)  n?^  pf  Hmtc/i  TV  amtik.  Pfiiwm  ^  m 
on  sHvdirf  ooon  nm  of  mm, 


HMK  OWyil  IIMTIR  FIH  ftow»  Jynr  fimi)  KM  Ctkmi  l-IWI 


I.TOT*l.nTIM«TID 

.cor 


I.CHANSI 
OHDIMNO, 


I.  LUC 


7  «oiK  onoiA 

NO. 


A.IIQNATUHt 


I.DATI 


A,ll«OfCOtTC«NTlR|UPyR 


I.COITCtNTIRKAMI 


C,  ACTUAL  COMfUTION  OATt 


AF  '^"^  327    ^Mivioui  ibiTioN  II  DtMLm. 


BCE 

MULTI  CRAFT  JOB  ORDER  \" 

COST  CCNTKR 

COLLECTION  WORK  OMOKPt  NO. 

FACILITV  NO, 

NAMC  OF  ir^ftPKCTOR 

USING  ACC 

NC  V 

INOIVIOUAL  TO  CONTACT  ^/Ya/^f  d 

WORK  DESCRIPTION 

LOCATION 

MATERIALS 

M/HR 

CRAFT 

PLCTC 
WORK 

ITEM 

QNTY 

U/M 

EST 



 . 

M*VT»      1219       '""WIOU*  BOITION  in  OBSOUBTB. 

Figure  2-5.  AF  Form  1219, 
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QUALITY  CONTROL  EVALUATION 


JOa  OROCR/WORK  ORDER  NUMBCH 


Thii  Q'^eitionnaire  i»  designed  to  improve  Ctiil  Enginccnng  scritd*  to  \ou    Antucr  all  Quettiont  and  p/ncf  in  bjn-  distributnyn 


TO: 


BASE  COMMANDCR 
BASE  CIVIL  ENGINEER 
In  Turn 


FROM;   (Basv  Adcircta.  tncltniv  3Uig,'Qtr».  So  j 


SERVICE  REQUESTED 


DATE  SERVICE 
COMPLETEQ 


DUTY  SECTION  OF  WORKER 


WORKCri  S  SIGNATURE 


VcS 

MO 

t,    BASE  Civil.  ENCINE£R  PER50  NNEI-  WERE  COURTEOUS 

2.    BASE  Civil.  ENQINEER  RESPONSE  WAS  TIMELY. 

J.    RECEIVED  AOEOU  ATC  NOTIFICATION  AS  TO  WHEN  THE  WORKER  WOULD  ARRIVE     (If  apphcabie> 

4.   WORKER  UTILIZED  TIME  C  T  F 1  C 1  EN  T  I.  Y  . 

•  .    iOB  WAS  COMPLETED. 

€.    IF  NOT.  WERE  YOU  GIVEN  AN  ESTIMATED  COMPLETION  DATE  FOR  THE  JOBT 

7.   WORK  WAS  PERFORMED  SATISFACTORILY 

•  .    JOB  SITE  WAS  CLE  ANED  UP  AFTER  COMPLETION. 

REMARKS 

CUSTOMER'S  SIGNATURE 

DATE 

AF     NOV  71    1255  PREV  lOUS  EDITION  WILL  BE  USCn. 


OO.S.  Oovttnmant  Prlnttni  0*»lc-a    1 1 «  1  — 340'»7t/t  1 1 


f  igure  2 -(v  AF  Fcthi  i:5S 


012.  Given  necessary  information,  nuike  appropriate 
entries  on  AF  Form  1255,  Quality  Control  V  aluation. 


Monitoring  Customer  Satisfaction.  What  is  the  first 
thing  YOU  should  do  when  you  arrive  at  a  new  job  site? 
Puuip  up  your  sprayer?  Survey  the  area?  Actually,  you 
should  give  your  customer  an  AF  Form  1255,  Quality 
Control  Evaluation  (fig.  2-6). 

The  purpose  of  this  form  is  simple.  It's  to  motivate  you  to 
give  timely  and  quality  service  to  BCE  customers.  It's  also 
a  management  tool  used  to  improve  customer  relations  and 
your  productivity.  This  form  says  to  your  customers  that 
you  care  about  your  work  and  so  does  the  BCE.  By  giving 
your  customer  this  form  at  the  beginning  of  the  job,  he  or 
she  knows  on  what  to  evaluate  you  as  you  do  the  work. 

There  are  some  entries  you  should  make  on  this  form 
before  you  hand  it  over,  nopc  of  them  having  to  do  with  th" 
worker's  good  looks  and  .:hann.  Specifically,  you  shoulJ 
include: 

(I.  Job  or  work  order  number. 

h.  Description  of  the  service  requested. 

(  .  Facility  number, 

cl.  Your  name. 

<\  Your  duty  section. 


After  Nour  customer  completes  the  foirn  ncikI  i(  to  the 
base  connuander  and  then  the  BCK,  hacli  month,  II-  invcs 
the  BCI:  statistics  for  all  C*H  shops  regarding  iioUibIc 
evaluation*.  (both  good  and  bad).  Operations 
superintc'-.Jents  and  supervisors  also  get  the  results  tlirough 
the  chief  of  operations. 


Exercises  (012): 

I.   Use  figure  2-6  to  complete  this  exercise.  LNe 
following  information  to  complete  the  parts  of 
Form  1255  you  are  responsible  for  as  a  weaker. 
Job  order  number:  5826. 
Customer  name:  SSgt  Hipslcy. 
Building  number:  1927. 

Work  requested:  control  rodents  in  basement. 
Action  taken:  placed  glue  traps  in  basement. 


the 
AF 
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013.      Ciiven      necessary  information 
appropriate  entries  on  AF  f  orm  56  i,  part  1. 


determine 


Preparing  Work  Schedules*  For  recurring  work  to  be 
scheduled,  it  must  first  be  identified.  To  do  this,  the  shop 
supervisor  uses  AF  Form  1841,  Maintenance  Action  Sheet 
(MAS).  This  is  filled  out  for  each  shop  having  services  or 
operations  ant^  serves  to  identify  the  nature,  scope,  and 
location  of  thcN  work  lo  be  done.  All  of  this  should  be 
completely  acourute  since  it  covers  a  whole  month.  The 
completed  MAS  is  then  reviewed  and  approved  by  the 
appropriate  section  superintendent. 

At  this  point »  all  recurring  work  requirements  arc  ready 
to  be  scheduled.  This  is  done  on  AF  Form  56! ,  Base  Civil 
Engineering  Weekly  Work  Schedule  (fig.  2-7).  The 
scheduler  and  supervisor  work  together  to  complete  this 
form,  the  supervisor  being  primarily  responsible  for  Part  I 
of  the  form.  This  gives  the  scheduler  an  estimate  of  the  total 
work  hours  available  in  that  shop.  Later,  at  the  CE  weekly 
scheduling  meeting,  the  scheduler  and  supervisor 
consolidate  required  maintenance  actions  by  jurea  and 
facility  to  help  minimize  travel  and  setup  times.  Then  as  the 
work  is  done,  the  scheduler  completes  Part  II  of  the  AF 
Form  56 1 . 

Now  that  you  have  an  idea  of  how  scheduling  is  done, 
look  at  the  kind  of  information  you  put  on  AF  Form  561, 
Part  I.  Refer  to  figure  2-7  as  you  continue  the  lesson. 

Column  A  is  a  description  of  where  your  labor  force 
comes  from  and  what  it  spends  time  doing.  Column  C 
describes  the  number  of  hours  people  in  your  shop  will 
spend  on  each  type  of  work.  For  example,  if  you  have  six 
people  assigned  to  your  shop,  each  working  an  8-hour  day 
and  5-day  week,  you  would  enter  ''240"  in  line  1,  column 
C  (6  X  8  X  5  =  240).  If  you  were  experiencing  lots  of 
termites  this  season,  you  may  have  borrowed  two  workers 
from  other  shops  for  that  week.  Then  you  would  enter 
''80*'  on  line  2,  Column  C  (2  X  8  x  5  -  80).  After  you 
come  up  with  the  total  work  hours  available  for  that  week, 
you  w  ould  then  space  them  out  for  the  coming  week  as  your 
work  load  dictated. 

Get  the  idea?  Find  out  by  using  the  information  you  just 
lc;nned  to  complete  the  following  exercises. 


Kxercises  (013): 

1.  Indicate  the  correct  order  in  which  the  following  steps 
are  done  by  entering  1  through  5  in  the  appropriate 
space. 


. (I)  Scheduler  and  supervisor  consolidate  required 
maintenance  actions. 

(2)  Shop   supervisor   completes   AF   Form  184K 
MAS. 

(3)  As  work  is  done,  scheduler  ccmipletes  Part  II  of 
AF  Form  561 . 

.(4)  Section  superintendent  reviews  and  approves 

completed  MAS. 
.(5)  Shop  supervisor  completes  AF  Form  561,  part  L 

or  gives  the  scheduler  necessary  information. 


Use  the  Ibllowing  information  to  complete  appropriate 
pails  of  AF  I'orm  561 ,  Uase  C^vil  lingineering  WecMy 
Work  Schedule  in  figure  2-8,  Assume  you  are  the  shop 
supervisor. 

( 1 )  You  have  six  other  people  assigned  to  your 
shop  (don't  forget  yourselt^. 


(2)  For  the  conning  week,  you're  borrowing  i>ne 
person  from  pavements  and  grounds  tor 
herhieiding  operations. 


(3)  You'll    spend   20   hours   next    week  on 
supervision. 


(4)  One  airman  will  be  on  leave  for  days. 
Mondays-Wednesday. 


On  figure  2-8.  enter  the  appropriate  work 
hours  in  Column  C  tor  each  category.  1  hen 
enter  your  estimated  schedule  for  the  hours 
available  in  each  category  for  the  coming 
week. 


014.  State  the  purposes  of  labor-hour  accounting,  the 
two  methods  of  time  accounting,  and  the  correct 
procedure  to  record  labor  hours  expended. 

Labor-Hour  Accounting.  A  labor-hour  accounting 
system  is  designed  to  provide  a  uniform  method  of 
maximum  accuracy  with  minimum  effort  and  cost.  Labor- 
hour  accounting  provides  CH  mai^agemcnt  and  ba.sc 
accounting  and  finance  with  direct  labor  costs  against  work 
order  numbers.  It  also  helps  CE  management  direct  and 
control  manpower  resources.  There  are  two  methods  of 
time  accounting,  the  actual  time  accounting  (ATA)  system 
and  the  exception  time  accounting  (ETA)  method.  Each 
BCE  uses  one  method  or  the  other  to  report  labor. 

Actual  time  accounting  (ATA).  Cost  centers  of  BCE 
using  ATA  report  the  total  number  of  direct  hours  expended 
against  each  work  order  number  by  labor  utilization  code 
(LUC)  and  the  total  number  of  indirect  hours  charged  to 
another  LUC.  An  AF  Form  1734,  BCE  Daily  Work 
Schedule,  is  used  by  ATA  cost  centers  to  record  labor  hours 
daily.  An  AF  Form  1734  is  shown  in  figure  2-9. 

The  back  of  the  tWm  is  used  to  record  the  indirect  hours, 
such  as  leaves,  etc..  and  to  compute  the  total  direct  and 
indirect  hours  for  the  day.  The  back  of  the  form  is  not 
shown  in  the  figure. 
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BASE  CIVIL  ENGINEER  WEEKLY  WORK  SCHEDULE  (  PART  1  ) 

WEEK  ENDING 

COST  CENTER 

APPROVED 

LINE 

NO. 

OESCRtPTION 
A 

LAtOR 

HAMIIII  UlKITinS 

UTtl. 
CODE 

liuci 
B 

MAN/ 

MON 

TUES 

WEO 

THU 

rRi 

SAT 

SUN 

MRS. 
r 

w 

iCHie 

ICMlt 

ACT 

icMca 

1C1 

ACT 

tCMIfi 

tCT 

tCMID 

ACT 

SCMCO 

ACT 

1 

ACCICMrn  1 

2 

BORROWEO 

3 

OVERTIME 

38 

lb 

!6 

4 

TOTAL  AVAILAt'tE  ititu  tl Hrat  U.iil  1 1 

5 

SUPERVISION 

31 

HQ 

9 

? 

t 

6 

TRAINING 

32 

7 

LEAVE 

33 

IH 

1 

y 

? 

8 

ALL  OTHER 

34 

9 

LOANEO  LABOR 

38 

10 

TOTAL  INOIRECT  (tf<«ltl  uiatStMititll 

16 

11 

AVAILABLE  FOR  WORK  INwi  4  mimt  His  tl|  | 

16 

PART  M  IRESERVEO  MAN-HOURS) 

12 

EMERGENCY  JOB  ORDERS 

12 

m 

13 

ItlCCT  SCIEIIICI  VIIK 

18 

THE  ITEMS  BELOW  COMPETE  rOR  AVAILAlLE  MAN/HRS.                   (SCHEOULEO  WORK) 

1  MON 

TUES 

WED 

THU 

rm 

SAT 

SUN 

WORK  ORDER 
JOS  ORDER 
NUMIER 

OESCRIPTION 
A 

iiuci 
B 

MAN/MRI 
REQ. 
C 

ICNIS 

•  CT 

SCNEP 

ACT 

SCNCP 

•  CT 

SCNCB 

AC1 

ICNIB 

•  CT 

ICNCD 

ACT 

SCNED 

ACT 

RECURRING  MAINTENANCE 

11 

OPERATIONS  ANO  SERVICES 

19 

V 

PfVCVIOUS  KDlTION  It  0«lSOI.CTC. 


Figure  2-7 .  Sample ,  AF  Form  56 ! . 
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^SE  CIVIL  ENGINEER  WEEKLY  WORK  SCHEDULE  (  PART  1  ) 

WEEK  ENOING 

COST  CENTER 

APPROVEO 

LINE 
NO. 

OESCRIPTION 
A 

LABOR 

UTil. 
CODE 
IlUC) 

B 

Mill  lUICITtlNS 

MAM/ 

HRS 

c 

M 

ON 

TUCS 

wco 

THU 

SAT 

SUN 

SCN*D 

ACT 

SCHCD 

ACT 

SCHCO 

ACT 

SCHfO 

ACT 

scHca 

ACT 

SCMf  D 

ACT 

SCHCO 

ACT 

1 
2 
3 
4 

5 
6 

ASSIGNEO 

BORROWEO 

OVERTIME 

TOTAL  AVAILABLE  \Mri  ii  Hiai  U.hI  J ) 

SUPERVISION 

TRAININC 

• 

38 

31 
32 

7 
8 
9 

10 
11 

LEAVE 
ALL  OTHER 
LOANEO  LABOR 

TOTAL  INOIRECTdiiitii  h»iSiiiniI|) 
AVAILABLE  FOR  WORK  IMnslahei  Hia  ll) 

33 
34 

39 

Figure  2-8.  AF  Form  561 .  Part  I  (objective  for  01.^. 


Ihis  form  will  allow  a  maximum  of  44  individuals' 
names  to  be  printed  on  each  page.  It  is  desirable  to  have  no 
more  than  44  individuals  assigned  to  any  cost  center  or 
subcost  center.  The  cost  center  foreman  (CCF)  coordinates 
with  the  appropriate  controller  who  enters  the  foUowinc 
information  on  AF  Form  1 734. 

a.  The  date  labor  is  performed  is  entered  at  the  top  of  the 
form  in  the  space  provided. 

h.  Names  of  individuals  being  borrowed  from  another 
cost  center  and  those  as.signed  to  that  cost  center  but  not 
listed  on  the  AF  Form  1734  are  handprinted  on  the  form. 
l*he\  should  be  shown  below  the  first  group  of  names 
(military  personnel)  if  they  are  military  and  below  the 
second  group  (civilian  personnel)  if  they  are  civilians. 

r.  If  an  individual  is  being  loaned  to  another  cost  center, 
the  control  center  code  and  cost  center  ci  de  of  the  gaining 
cost  center  are  entered  on  the  form. 

cl.  Note  that  if  an  individual  is  borrowed  Irom  another 
cost  center,  the  leading  control  center  code  and  cost  center 
ctHio  :mv  not  enleied  on  the  form.  The  individual  will  be 
reported  as  loaned  by  the  CCF. 

i^  Personnel  being  loaned  and/or  borrowed  between 
subcost  centers  within  the  same  cost  center  are  not  reported 
as  loaned  or  borrowed.  Their  names  will  be  charged  to  the 
work  order  number  against  which  it  was  expended. 

/.  Borrowed  and  loaned  labor  will  always  be  reported 
when  a  change  of  cost  center  is  involved. 

,1?.  If  an  individual  is  assigned  to  a  cost  center  or  subcost 
center  but  does  not  appear  on  the  appropriate  AF  Form 
1734,  the  administration  section  is  contacted  to  make 
corrections  of  the  situation. 

Exception  time  accounting  (ETA),  Exception  time 
accounting  cost  centers  use  an  optional  form  to  report 
exceptions  from  their  anticipated  work  schedule.  Those 
personnel  as.signed  to  cost  centers  whose  duty  is  related  to 
only  a  single  BCE  cost  account  code  report  their  time  on  an 
exception  ba.sis  only.  Hence,  normal  duty  will  not  be 
reported.  All  labor  is  assumed  to  be  direct,  under  the  LUC 
column,  until  reported  otherwise. 


Exercises  (014): 

1 .  What  are  the  two  purposes  of  labor-hour  accounting? 

2.  What  are  the  two  methods  of  time  accounting? 

3.  What  form  is  used  to  record  labor  hours  daily? 


4.   How  and  where  would  the  entry  be  made  lor  .Sgt  Joe 
A.  Foyt  who  i.s  borrowed  from  another  cost  center? 


015,  Specify  requirements  concerning  pest  management 
contracts. 

Pest  Management  Contracts.  A.s  a  pest  manager,  you 
are  responsible  for  monitoring  pest  management  contracts. 
These  contracts  may  be  entered  into  if  it  is  in  the  best 
interest  of  the  Govemrnenr  and  in  accordance  with  existmg 
regulations. 

The  statement  of  work  (SOW)  for  the  contract  is  prepared 
by  the  base  civil  engineer,  coordinated  with  the  director  of 
base  medical  services,  then  forwcrded  to  the  major 
command  for  approval  before  be  ig  submitted  to 
procurement  forbidding  from  commerciarsources. 

Causes  that  may  require  a  pest  contract  to  be  initiated  are 
lack  of  personnel  or  equipment  to  handle  the  situation 
adequately  or  the  installation  may  be  of  a  size  that  would 
not  justify  the  manning  of  the  AFSC. 


72 


25 


Figure  24  Sample,  AF  Form  1734. 
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ir  it  is  in  the  best  interest  of  the  Air  Force  to  use  a  pest 
management  contract,  a  certified  and  competent  pest 
manager  will  help  the  BCE  prepare  the  contract.  Your 
assistance  is  needed  to  make  sure  that  the  contractor  is 
going  to  use  only  chemicals  and  equipment  approved  by  the 
Air  Force  and  chcmicaKs  that  are  registered  by  the  EPA.  It  is 
necessary  to  ensure  that  contractor  supervisory  personnel 
employed  are  currently  licensed  as  certified  applicators. 

Pest  managers  must  supply  certified  Air  Force  personnel 
to  monitor  contractor  services  to  ensure  that  the  co  itractor 
is  in  compliance  with  safety  standards  and  application 
procedures,  while  being  cautious  not  to  damage  the 
environment. 


Exercises  (015): 

1 .  The  statement  of  work  for  a  pest  management  contract 
is  prepared  by  the  

2.  Who   coordinates   with    the    preparer   of  the  pest 
management  contract? 


3.  Who  must  approve  a  pest  contract  before  bidding? 


4.   What    requirements    must    contractor  supervisory 
personnel  meet  for  the  Air  Force? 


f).   Who  monitors  pest  contract  services; 


^.    Ihc  contractor  is  monitored  for  safe  practices  and 
being  cautious  not  to  damage  the  


2-2.  Managing  Resources 

In  order  to  get  the  job  done,  resources  such  as  tools, 
materials,  and  equipment  must  be  used.  If  proper 
management  is  not  exercised.  Government  property  may 
become  lost,  stolen,  or  abused.  Since  you  work  for  the  Air 
Force,  it  is  just  as  important  that  you  keep  a  protective  eye 
on  Air  Force  property  as  you  do  on  your  own.  If  you  cwn  a 
new  sports  car  with  a  tape  player  and  CB,  you  certainly 
know  how  to  protect  it.  You  should  protect  a  Government 
vehicle  or  a  test  meter  with  the  same  diligence. 

It  is  important  that  you  understand  your  responsibility  for 
Government  property  because  there  may  come  a  time  when 
the  Air  Force  will  ask  you  to  pay  for  a  piece  of  equipment 


that  is  damaged  or  lost.  Your  knowledge  of  the  rules  may 
make  you  conscious  of  your  responsibility. for  its  damage  or 
loss. 

016.  Identify  liability  forms  and  concepts  to  various 
forms  or  to  specific  instances  of  property  accountability 
and  responsibility. 

Accountability  arscl  Responsibility  for  l*roperty.  The 

organizational  commander  is  rL..;pi)nsible  and  accountable 
for  all  property  issued  to  his  or  her  organization,  whether  he 
or  she  signs  for  it  or  not.  But  because  the  duties  of  the 
commander  make  it  very  difficult  to  exercise  personal 
supervision  of  the  supply  functions,  a  commander 
designates  a  person  to  act  as  supply  officer.  The 
commander  or  the  supply  officer,  may  then  designate  other 
representatives  to  receive  and  sign  U)r  property.  But 
delegation  of  duty  does  not  make  the  conuuander  exempt 
from  financial  liability  for  'oss,  damage,  or  destruction  of 
property.  Property  responsibility  is  the  obligation  of  each 
individual  tor  the  proper  care  of  property  belonging  to  the 
Air  Force,  whether  or  not  such  property  has  been  issued  to 
the  person  or  to  his  or  her  unit.  Such  responsibility  includes 
pecuniary  liabihty. 

When  you  buy  an  article  from  a  store,  the  moment  the 
sales  clerk  completes  the  transaction,  the  store  drops  its 
accountability.  It  then  becomes  your  property,  and  you  are 
accountable  and  responsible  for  whatever  use  you  make  of 
it.  Similarly,  when  a  stock  clerk  issues  an  Air  Force  item  to 
you,  accountability  is  dropped  insofar  as  the  issuing 
authority  is  concerned.  However,  you  do  not  become  the 
owner  of  the  item;  instead,  the  Air  Force  retains  ownership; 
and  you  assume  responsibility  for  the  care  and  protection  of 
the  item. 

Supervisory  responsibility.  Supervisory  responsibility 
applies  to  any  person  w^ho  exercises  supervision  ovei 
property  received,  in  use,  in  transit,  in  storage,  or 
undergoing  modification  or  repair.  The  supervisor  is 
responsible  for  selecting  qualified  personnel  to  perform  the 
duties  under  his  or  her  control  and  for  properly  directing  or 
training  them.  The  supervisor  instructs  them  in  supply 
procedures  to  insure  compliance  with  Air  Force  regulations 
governing  property.  The  supervisor  is  also  responsible  for 
indoctrinating  his  or  her  people  in  supply  discipline 
principles. 

Custodial  responsibility.  Any  individual  who  has 
possession  of  Govermuent  property  has  custodial 
responsibility  for  it.  He  or  she  is  personally  responsible  for 
such  property  if  it  is  for  his  or  her  official  or  personal  use, 
whether  or  not  this  person  has  signed  a  receipt  for  it.  The 
individual  is  also  personally  responsible  for  any  property 
under  his  or  her  direct  control  for  storage,  use,  custody,  or 
safeguarding. 

''Finders,  keepers'*  may  apply  in  soiue  circumstances 
but  not  to  Government  property.  If  you  find  Government 
property  that  has  apparently  been  lost,  stolen,  or 
abandoned,  you  must  assume  custodial  responsibility  for  it 
and  must  protect  or  care  for  it  until  it  can  be  returned  to  the 
proper  authorities.  Personnel  may  be  relieved  of 
responsibility  for  a  particular  piece  of  property  in  a  number 
of  ways,  depending  upon  the  circumstances.  For  example. 
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property  may  be  turned  back  to  the  base  supply  office  as 
being  excess  to  the  unit's  needs.  Other  items  may  be 
transferred  from  the  responsibility  of  one  person  or 
organization  to  that  of  another.  If  you  have  custody  of  items 
that  are  damaged  or  lost  through  your  carelessness,  you 
may  be  held  liable  and  may  have  to  pay  for  them  by 
deductions  from  your  paycheck. 

Pecuniary  liability.  The  word  ''pecuniar>'"  means 
money.  Personnel  having  property  responsibility  also  have 
pecuniary  liability  to  make  good  property  lost,  destroyed, 
or  damaged  due  to  their  negligence.  Pecuniary  liability  may 
be  shared  by  persons  having  command,  supervisory,  or 
custodial  responsibility.  If  a  person  pays  for  an  item  of 
Government  property,  tne  property  remains  the  possession 
of  the  Government.  This  keeps  the  supply  system  from 
becoming  a  source  of  supply  for  individual  personnel. 

Cash  Collection  Voucher.  When  pecuniary  liability  is 
admitted,  the  least  troublesome  wav  to  settle  a  monetary 
obligation  is  to  pay  in  cash.  DD  Form  1131,  Cash 
Collection  Voucher,  is  used  for  this  purpose. 

Statement  of  Charges.  If  airmen  or  civilian  employees 
admit  liability  but  do  not  have  the  money  to  pay  cash  for 
property  damaged  or  lost,  DD  Form  362,  Statement  of 
Charges  for  Government  Property  Lost,  Damaged,  or 
Destroyed,  is  used.  When  either  the  Cash  Collection 
Voucher  or  the  Statement  of  Charges  is  used,  the  amounts 
involved  must  be  less  than  $250.  If  $250  or  more,  then  the 
Report  of  S'Tvey  is  used. 

Report  of  Survey.  When  an  individual  will  not  admit 
pecuniary  liability  or  when  the  amount  involved  is  $250  or 
more,  an  AF  Form  198,  Report  of  Survey  for  Air  Force 
Property,  niust  be  prepared.  Two  officers  are  directly 
concerned  in  preparing  a  Report  of  Survey:  the  appointing 
authority  and  the  inve.stigating  officer.  The  appointing 
authority  is  the  commander  or  other  officer  with  jurisdiction 
over  the  individual  responsible  for  the  property.  The 
appointing  authority  appoints  a  survey  officer  (the 
investigating  officer)  whose  duty  it  is  to  make  a  detailed 
and  impartial  investigation  (survey)  of  the  circumstances 
connected  with  the  loss,  damage,  or  destruction  of  the 
property.  A  survey  officer  is  not  necessary  in  every 
instance.  In  some  cases,  the  appointing  authority  may  make 
recommendations  and  forward  the  Report  of  Survey  to  the 
base  commander  for  review  and  approval. 

As  a  result  of  the  findings,  the  person  responsible  for  the 
property  may  or  may  not  be  required  to  pay  for  it.  If  the 
authorities  decide  from  the  evidence  that  the  responsible 
individual  is  negligent  in  caring  for  the  property  involved, 
then  he  or  she  has  to  reimburse  the  Government  by  paying 
in  ca.sh  (the  Ca.sh  Collection  Voucher)  or  authorizing  a  pay 
deduction  (Statement  of  Charges). 

Kxertises  (016): 


-.(3) 
-(4) 

-(3) 
-(7) 

~m 

>(9) 
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in 

Form 
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Column  B 

d.    Siatcnwnl  nf  C*hargcs. 

f.    Report  of  .Survey. 

r.    Pecuniary  responsibility. 
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362. 


017.  State  the  correct  use  of  AF  Form  1297,  1  cmporary 
Issue  Receipt,  and  its  period  of  use. 

Temporary  issue  Receipt.  Figure  2-10  shows  AF  Form 
1297,  Temporary  Issue  Receipt  (custody  receipt),  for  items 
issued  on  a  temporary  basis  (normally,  24  hours).  Once 
done,  however,  this  receipt  can  remain  in  force  until 
surrendered  by  the  unit  supply  officer.  The  form  is 
sometimes  called  a  custody  receipt,  or  a  hand  receipt. 

Exercises  (017): 

1 .   For  what  purpose  is  AF  Form  1 297  used? 


-(10) 

.(II) 

-(12) 


2.   Normally,  how  long  is  the  AF 
items  on  a  temporary  basis? 


Form  1297  used  for 


1.   Match  the  items  in  column  A  with  the  applicable 
responsibility  or  liability  form  in  column  B. 


C  'oluinn  A 


Make  good 
the  loss  of 
property. 


Column  B 

Supervisory  responsibility. 
Custodial  responsibility. 
Cash  Collection  Voucher. 


018.  State  the  purpose  for  inventorying  Air  Force 
property  and  identify  rules  of  supply  discipline. 

Inventory  of  Air  Force  Property.  Inventory  of  supplies 
and  equipment  is  an  important  task  in  managing  resources. 
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ISSUeOTO:  SIGNATURE 

OUTV  PMONK 

ISSU  EO  OV 

ISSUeO  TO:  NAME.  QRADK.  ORGN  (Type  or  print} 

ORGN  ACCT  NO, 

OATE  or  ISSUE 

RETURN  OATE 

I  acknowledge  receipt  of  and  rcsponsibUity  lAW  AFR  67-10  for  the  items  described  below  and  will  retum  them  by  the  return  date  indicated, 


AF 


rORM 

SEP  ez 


1297 


PREVIOUS  FDITION  WILL.  BE  USCO 


-  US  GOVERNMENT  PRINTING  OFFICE    1987  •  3bO-^y^)/ 2i,t, 


TEMPORARY  ISSUE  RECEIPT 


Figure  2-10.  AF  Form  1297. 


An  inventory  is  an  actual  on-the-spot  check  with  your  own 
eyes  to  sec  whether  or  not  specific  signed-for  items  of 
property  are  actually  there.  It  also  includes  a  check  of 
expendable  items  (such  as  pesticide  concentrate)  to  verify 
an  amount  on  hand  sutiicient  to  perform  the  mission  for  a 
given  period  of  time.  The  results  of  not  checking  can  be 
seen  in  this  hypothetical  situation.  Sergeant  Brown  was 
given  the  job  of  inventorying  equipment.  Without  actually 
seeing  all  the  property,  he  signed  papers  stating  that  the 
equipment  shown  on  the  records  was  on  hand.  Five  days 
later  when  a  C-14I  cargo  plane  landed  to  pick  up 
equipment  for  delivery  to  a  hostile  area,  the  portable  water 
purification  unit  was  missing.  This  equipment  was  urgently 
needed  to  provide  drinking  water  for  frontline  troops.  A 
eourt-martial  investigation  proved  that  Sergeant  Brown 
eould  not  possibly  have  seen  the  unit  because  it  had  been 
mistakenly  shipped  by  an  airman  to  another  base.  No  need 
to  stress  that  Sergeant  Brown  was  in  trouble.  The  point  is 
that  you  are  asking  for  trouble  if  you  make  such  an 
inventory  or  falsify  official  papers.  Certainly  you  wouldn't 


deliberately  hurt  anyone,  hut  a  false  inventory  can  cause 
serious  difficulties,  and  the  one  you  hurt  most  may  be 
yourself. 

During  an  inventory,  if  you  detect  errors  in  description  of 
property,  in  amount,  capacity,  mcasurcaient.  or  condition, 
make  a  note  of  it  and  take  steps  to  correct  the  records.  Most 
deficiencies  arc  the  result  of  minor  human  errors.  They  can 
be  solved  easily  by  coordinating  with  other  people  and  by 
using  common  sense.  Can  you  imagine  the  embarrassment 
to  your  supervisor  if  the  Inspector  General  reports  that  your 
shop  should  have  12  cases  of  a  restricted-use  pesticide  but 
only  2  are  on  the  premises? 

Many  deficient ''*s  in  inventory  records  are  caused  by 
simple  errors  oi  ,  jit  ion  or  posting.  An  example  of  such 
error  of  addition  can  be  seen  in  this  hypothetical  situation. 
Suppose  that  it  takes  500  pounds  of  wettable  powder 
herbicides  each  month  to  control  weeds  around  runway 
lighting  and  that  it  takes  4  weeks  minimufn  to  get  the 
herbicide  when  it  is  ordered.  A  specialist  adding  an 
inventory  list  added  the  following  numbers. 
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29 

76 


.^7.S  lbs  hLMhkulc  A 
125  Ihs         hcihicidc  U 

51)00  total  lbs  hLMbicidc 

Actually,  only  500  pounds  of  herbicides  arc  on  hand.  If 
this  error  is  not  discovered,  a  very  serious  situation  will 
develop  because  in  25  days  there  will  be  no  epoxy  for  the 
runway.  This  situation  could  even  cause  embarrassment 
when  the  base  commander  requests  emergency  funds  and 
emergency  deliveries  from  higher  headquarters. 

Supply  Discipline-  Supply  discipline  simply  means 
obeying  a  set  of  rules  necessary  to  conserve  and  protect  Air 
Force  equipment  and  supplies.  To  state  it  in  another  way 
**Play  the  game  according  to  Air  Force  rules,  not  according 
to  pers(>nal  desires.'*  To  protect  our  country  from  our 
enemies,  the  Air  Force  must  be  ready  to  act  at  a  moment's 
notice.  The  following  rules  will  assure  this  state  of 
readiness. 

Rule  /.  Air  Force  equipment  must  be  operational.  If  it  is 
broken  down,  you  can't  use  it.  Proper  maintenance  must  be 
provided  to  keep  equipment  in  a  like-new  state. 

Rule  2.  Adequate  supplies  must  be  on  hand  and  in  good 
condition.  Do  not  hoard  or  requisition  more  supplies  than 
you  actually  need.  This  practice  results  in  shortages  in  some 
areas  and  overages  in  others.  Overstocking  and  hoarding  to 
meet  unforeseeable  needs  nlaccs  a  wasteful  demand  on 
procurement  funds  by  generating  false  requirements. 

Inadequate  stocking  of  supplies  and  equipment  can  be 
equally  damaging.  This  conduion  may  result  from  failure  to 
maintain  adequate  records  and  from  failure  to  correlate  past 
experiences  with  present  needs. 

Rule  J.  Use  equipment  and  supplies  for  their  intended 
purposes.  Do  not  take  them  for  personal  use. 

Rule  4,  Safeguard  equipment  and  supplies.  Millions  of 
dollars  of  Air  Force  supplies  and  equipment  have  been  lost, 
stt>Ien.  or  damaged  in  the  past.  This  condition  benefits  the 
enemy,  not  the  Air  Force. 

Rule  5.  Keep  accurate,  current  records  of  resources 
required,  received,  consumed,  and  on  hand.  Accurate 
•jccuunting  and  records  result  in  an  even  flow  of  resources 
to  meet  Air  Force  needs. 

Exorcises  (018): 

I .   Briefly  state  the  puipose  for  an  inventory  of  Air  Force 
property. 


2,   Define  supply  discipline. 


3.   List  five  rules  of  supply  discipline. 


4.  Vox  each  of  the  following  situations,  determine  which 
Rile(s)  is/are  being  violated  by  entering  the  rule 
number  in  the  space  provided.  Some  rules  may  be 
u.sed  more  than  once  or  not  at  all. 

 a.    The  smwii  equipment  storage  room  is  left 

unsecured. 


b.  While  working  on  a  larue  piece  of 
equipment.  Sergeant  Campbell  uses  a 
large  wrench  as  a  hammer. 


c-  Sergeant  Wheeler  doesn't  complete  a 
herbiciding  operation  because  a  fan  belt 
breaks  on  the  hydraulic  sprayer. 


d.  A  mist/dust  blower  engine  needs  oil,  but 
Airman  Lee  doesn't  add  any  because  they 
ran  out.  As  a  result  the  engine  throws  a  rod 
while  the  airman  is  applying  insecticides. 


019.  Identify  correct  characteristics  of  the  equipment 
authorizatio  .system. 

Before  starting  work  on  a  job,  you  must  have  the  proper 
tools  and  equipment.  The  equipment  authorized  to  your 
work  center  is  ba.sed  on  tw^o  interrelated  factors:  the  unit 
mission  nnd  the  number  of  people.  If  the  mission  requires 
authorization  for  certain  vehicles  or  similar  major  items, 
operator  personnel  must  be  authorized;  as  more  personnel 
are  autho*  *^  1.  quantities  of  other  types  of  equipment  are 
affected. 

Equipment  Authorization.  Bases  obtain  supplies  and 
equipment  and  issue  them  to  units  according  to  an 
authorization  system.  Although  there  are  a  variety  of 
authorization  documents,  the  most  common  one  is  the  table 
of  allowance  (TA).  Such  tables  are  published  to  prescribe 
the  exact  items  and  quantities  that  each  base  or  unit  may 
draw  (procure).  The  TA  lists  equipment  on  the  basis  of  the 
needs  of  average  Air  Force  units.  The  exact  composition 
and  mission  of  the  unit,  the  number  of  facilities  belonging 
to  the  'Jnit,  its  geographic  location,  and  many  other  factors 
affect  the  types  and  amounts  of  items  a  unit  requires. 

The  master  equipment  management  index  (MEMl)  is 
used  in  connection  with  the  TAs.  The  MEMl  (TA-OOl)  is  a 
consolidated  listing  of  equipment  items  in  accordance  with 
the  latest  USAF  Federal  Supply  Catalog.  The  items  are 
cross-referenced  to  TA  numbers  for  the  particular 
equipment  needs. 

Suppose  you  need  to  find  out  how  many  desks  a  newly 
organized  Air  Force  unit  is  puthori/cd.  First  look  up  the 
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item  by  name  (desk)  in  the  latest  Federal  Supply  Catalog. 
This  will  give  you  the  class  number,  7110,  in  the 
descriptive  portion,  which  will  let  you  choose  the  desk 
suitable  for  your  organization.  At  this  point,  you  will  find 
the  complete  stock  number  and  the  correct  nomenclature 
(description)  for  the  desk  you  want.  Now  look  up  the  stock 
number  in  the  MEMI,  which  lists  stock  numbers  in 
numerical  order.  This  will  refer  you  to  the  correct  TA 
number.  This  TA  will  tell  you  how  many  desks  your  unit  is 
authorized.  The  table  of  allowance  takes  into  consideration 
not  only  the  kind  of  unit  to  be  equipped  but  also  the  total 
labor  force  employed. 


Exercises  (019): 

1,  Identify  the  following  statements  that  are  correct  by 
placing  an  ''X'*  in  the  blank  provided.  Correct  those 
that  are  wrong. 

 (1)  The  unit  mission  and  the  number  of  people 

assigned  are  equipment  authorization  criteria. 


 (2)  The  equipment  authorization  document  is  the  AF 

Form  1297. 


(3)  The  nomenclature  of  an  authorized  equipment 
item  is  found  in  the  MEMI. 


(4)  The  TA  is  based  on  av<Magc  Air  Force  units. 


(5)  rA-OOl  istheMLMl. 


(6)  The  MEMI  and  TA  are  cross-referenced. 


(7)  The  TA  lists  equip^^icnt  authorized  for  a  base. 


(8)  The  MEMI  indicates  the  number  of  items  of 
equipment  a  uni^  can  procure  for  mission 
accomplishment. 


o  783 
EKLC 


020.  Cite  facts  rc^ardiii^  how  to  request  equipinciit  and 
supplies. 

Requesting;  Kquipiueiit.  As  a  supervisor  or  ci|uipment 
custodian.  youMI  probabi}'  need  to  order  equipment  for  your 
shop.  To  do  this,  iisc^  AF  Form  601,  Equipir.ent  Action 
Request  (fig.  2-1  I),  i  nis  form  is  used  to  increase  or  reduce 
equipment  auiliori'/alioiK  to  order  new  equipment  itenus, 
and  to  turn  in  or  replace  old  equipment. 

Completing  the  form  is  simple  because  all  the 
instructions  are  on  the  back.  If  you  need  more  details  than 
this,  you  would  refer  to  AFR  67-23,  Standard  Base  Supply 
Customer\s  (jiddc. 

When  equipment  is  received,  ihc  equipment  custodian 
must  sign  for  the  item  on  the  form.  If  an  item  i.s  being 
turned  in,  the  supply  representative  making  the  pickup 
gives  you  a  signed  copy  of  the  form  vcrilVing  receipt  by 
base  supply. 

Ordering  Materials.  Materials  are  ordered  by  the 
planning  section  of  BCE  for  all  work  (Mxlcrs  requiring 
materials.  Materiel  control  prepares  the  requisition  when 
materials  are  required  by  service  calls  and  job  orders. 

Figure  2-12  shows  a  completed  AF  Form  1445,  Materials 
and  Equipment  List,  which  is  used  to  order  materials.  I'herc 
may  be  times  that  you  will  be  told  by  your  shop  tbreman  to 
pick  up  work  order  or  job  order  materials  from  the  BCE 
holding  area.  When  you  go,  you  should  take  the  AF  Form 
1445  with  you  and  compare  the  materials  you  are  picking 
up  against  the  items  listed  on  the  form.  Check  the 
nomenclature  to  ensure  that  the  item  you  are  to  pick  up  is 
the  same  as  the  one  described  on  the  form.  Also,  cheek  the 
unit  of  issue  to  ensure  that  they  agree:  most  important,  you 
should  ensure  that  the  quantity  you  arc  to  pick  up  agrees 
with  that  shown  on  the  AF  Form  1445.  If  these  items  do  not 
agree,  do  not  sign  or  accept  any  of  the  items.  You  should 
immediately  notify  your  shop  foreman  so  that  he  or  she  can 
take  appropriate  action. 


Exercises  (020): 

1.   What  two  sources  provide  information  on  completinu 
AFForm60l  ' 


2.   What  arc  two  uses  of  AF  Form  601  ? 


3,   What   information  on   AF  Form    1445   should  he 
checked  against  the  actual  materials? 


4.   What  is  the  purpose  of  AF  Form  1445? 


TO 

FROM 

SIGNATURE 

DA'^E 

ACTION  TAKEN 

APPROVtD  D 
DISAPPROVED  □ 

APPROVED  □ 
DISAPPROVED  U 

APPROVED  □ 
DISAPPROVED  □ 

APPROVED  n 
DISAPPROVED  □ 

APPROVED  □ 
DISAPPROVED  rj 

APPROVED  n 
DISAPPROVED  n 

1.  CUSTODIAN  REQUEST  NO. 

8.  IN  USE 
DOC.  NO. 

9.  NATIONAL  STOCK  NO. 
OR  PART  NO. 

3740  00  434  6555 

IS.                                  ACTION  REOUE! 

3TE0 

900IV3 

061-0001  . 

A.  AUTHORIZATION 

INCREASED          ADD  NEW  XX         REOUCF  □           OELU  1 1  G 

2.  CMO 

ATC 

3.  FAD 
III 

4.  UJC 

b 

5.  BUD 

9 

10.  USE  CODE 
E 

11.  PRICE 

$559.00 

12.  U/( 

EA 

13.  ERnCD 

NF2 

B.  ISSUE/DUE  OUT                     ADVICE  CODE  {  ) 

INITIAL  ISSUE  DC        REPLACEMENT  □         CANCEL  DUE  OUT  : 

1  

6.  CUSTODIAN  SIGNATURE 

U  MurOOOC 

15.  NOMENCLATURE 

Sprayer,  insect  AERO 

C.  TURN  IN  (Compieit  M  mppitnbie  ttfockij 

CONDITION 

STATUS 

YES 

NO 

17. 

QUANTITY 

SERVICEABLE 

COMPLETE  /Lat 
mtsxifif  parts  in 
Block  19) 

7.  t  crrT|/r  tkm  t  Wmt  rvWWccf 
herhm  b  PtQttimi. 

IDEN1 

IFICATION 

ASC 

COMPOSITION 
CODE 

IN 
USE 

CURR  1 
AUTH  A 

HEW 
iUTh 

NO 
\  HEO'D 

REPARABLE 

CALIBRATION 
HEOlllRFn 

CONDEMNED 

CLEAN.  PAINT.  ETC 

SIG(3F  ORGN  COWDn  ^Mw  rt^juimt 
^  K                         for  tmrm-m) 

Ipart 

SECT 

8 

0 

0 

1 

1 

UNKNOWN 

DATE  AVAILABLE  FOR  PICKUP 

F 

C 

19.  JUSTlFICATtOfI  AND  ITEM  DESCRIPTION   

This  sprayer  is  needed  by  the  Pest  Kana^ement  section  to  effectively  msnaee  flying? 
insect  pests.    We  cannot  currently  do  this  because  of  the  recent  cancellation  of  a  contract 
for  pest  management  services.    If  this  pest  management  is  not  accomplished,  this  base  will 
ce  in  Violation  of  Air  Force  and  Ehvlronmental  Protection  Agency  regxilations. 

20  REVIEVy 

fING  Al/THOI 

^TY  COMMENTS 

21. 

•N 

22. 

UKC 

23.  LEVEL 

24.  OET 

25.  WRM 

20.  EMOLOC 

27.  SUPPLY  CONTROL  NO 

28.  CEMO  CDNTROL  NO. 

29.  AFLC  CONTROL  NO 

1 

2 

3 

4 

5 

/ 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

16 

ig 

20 

21 

22 

23 

24 

26 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

,•17 

3ti 

39 

40 

41 

42 

43 

44 

47 

46 

49 

50 

SI 

52 

S3 

54 

ss 

56 

S7 

56 

S9 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

7S 

76 

77 

78 

79 

80 

WHICH  WILL  BE  USED 


EQUIPMENT  ACTION  REQUEST 

tSer  tnstntcito/u  on  Rtversti 


Figure  2-1 1 .  .Sample.  AF  Form  601. 


ERIC 


32 


79 


IHOP  TITLE 


WORK,  ORDER  NO. 


Figure  2-12,  Sample,  AF  Form  1445, 
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021.  State  facts  regarding  BCE  supply;  and  given  a  GSA 
catalog  excerpt,  determine  an  item  name  and  stock 
number « 

IK'K  Supply.  Materiel  control  is  the  focal  point  in  CH 
for  all  items  of  supply.  This  section  is  operated  by  supply 
personnel  assiiined  to  CE.  They  are  the  authority  on 
procedures  relating  to  getting  supplies. 

Materiel  control  is  also  responsible,  jointly  with  base 
supply,  for  the  establishment  and  restocking  of  all  bench 
stocks,  siiops  supplies,  and  rolling  stock.  Items  on  bench 
stock  are  limited  to  those  used  frequently  and  those  that 
must  be  available  in  the  immediate  work  area. 

Before  materiel  control  can  order  the  materials  you  need 
to  do  a  job.  they  must  know  exactly  what  you  want.  The 
best  way  lo  comnumicate  with  supply  personnel  is  to  attach 
a  supply  number  to  the  item  you  want.  Sometimes  it  is  very 
easy  to  get  a  stock  number:  at  other  times  it  requires  a  joint 
etfort  be(wecn  you  and  materiel  control  to  determine  a 
suitable  stock  number. 

National  stock  numbers  (NSN).  The  Air  Force  uses  a 
system  of  1.^  digits  (nunibers)  to  identify  any  item  of  supply 
in  the  Government's  inventory.  In  the  past.  Federal  stock 
numbers  with  1  1  digits  were  used.  The  two  additional  digits 
are  added  in  the  fifth-  and  sixth-digit  spaces.  The  new  name 
"national"  stock  numbers,  as  the  name  suggests,  refers  to  a 
national  or  geographical  area.  F-'or  example. 
71  I()-<)()-27.VS70l  is  furniture,  office,  chair,  rotary, 
typist,  steel,  without  arms.  The  00  represents  the  United 
,States  as  does  01.  Other  nation.s'  double-digit  numbers,  for 
example,  iuv  12  Germany.  14  FYancc,  15  Italy.  21  Canada, 
23  Greece.  27  Furkcy,  etc. 

Nujubcrs  are  used  as  a  code  to  identify  items.  Some 
number  can  be  used  to  identif\'  wliat  an  item  is.  Others  can 
he  u.scd  to  indicate  its  weight,  si/e,  shape,  color,  and  even 
when  or  how  it  is  to  be  used.  Just  as  cost  accounting 
personnel  can  communicate  with  tlu  compuier  through  the 
usf  ol  luimbers  and  letters  in  specified  positions  on  a 
keyboard,  supply  people  can  decode  national  stock 
numbers.  The  Government  stocks  i)iil lions  ol'  items  of 
supply  anti  ecjuipmcnt.  Supply  people  can  tell  exactly  what 
item  1%  lium  tl:r  stock  numi'Jer.  You  no  doubt  will  see  many 
publications  iliai  still  use  I-ederal  stock  numbers.  Do  not  let 
this  concern  you  as  they  will  be  ujit.Uncd  when  the 
public  itioTis  arc  tepublished. 

Stippiy  manuals  and  catalogs,  SuppK  manuals  atul 
catalogs  arc  usclul  in  finding  information  related  to 
equipmeot  and  supplies  the  Government  purchases  and 
keeps  m  inveniory.  I  jke  a  city  phone  book  or  a  mail  order 
ci:laK\i:.  insiructions  on  their  u.sc  are  given  in  the 
inlorniation  section.  'I*he  supply  publication  that  you  will 
use  more  than  any  other  are  the  General  Services 
Admiius(rati()u  (Ci,SA)  supply  catalogs  (see  fig.  2-13). 
These  caial(\iis  contain  item,s  that  are  common  to  most 
organizations  such  as  furniture,  cleaning  supplies, 
haneitot»is,  laboratory  equipment,  office  machines,  paint, 
and  spt)ns  equipment. 

Kxerciscs  (021 ): 

I.   What  unit  in  CF  is  the  contact  point  for  ordering 
supplies  / 


2.   What  is  the  uK^st  important  information  you  can 
furnish  supply  people  if  you  want  a  laboratory  tlask? 


3.   What  does  tlie  n'.N.>bcr  27  mean  in  national  stock 
number  72 10-27-22  i  -0352? 


4.    Refer  to  figure  2-13.   N\'hat  is  the  name  and  slock 
number  of  the  iiem  siiown  in  the  illustration? 


022.  Specify  directives  and  organizations  rcspon.sihle  for 
pollution  control  and  environmental  protect i<ni. 

Pollution  Control,  Concern  for  the  environment  has 
evolved  at  the  I-'edcral  level  over  a  period  of  years.  Some  of 
the  laws  passed  by  the  Congress  of  the  United  States  related 
to  pollution  control  and  environmental  protection  are: 

a.  Rivers  and  Harbors  Act. 

Federal  Water  Pc^llution  Control  .Act. 

c.  Clean  Aw  Act. 

d.  Solid  Waste  Disposal  Act. 
c.  Resource  Recovery  Act . 

/.  National  Environmental  Policy  Act. 

These  acts  are  not  static  but  are  updated  according  to  the 
changing  needs  of  die  environment  and  the  public  goo<.l 
under  the  National  Hnvironmental  Policy  Act. 

National  Environmental  Policy  Act.  This  act  declares  a 
national  policy  that  will: 

(/.  Hneourage  productive  and  enjoyable  hanuoi\\ 
between  people  and  their  cnvironmcTil . 

/>.  Promote  efforts  that  will  prevent  or  eliminate  damage 
to  the  environment  and  biosphere  and  stimulate  the  health 
and  v/elfare  of  man. 

c*.  Hnrich  the  understanding  of  the  ecological  .svstcius 
and  natural  resources  imp,)ilant  to  the  nation. 

(I.  Hstablish  a  council  on  environmental  quality. 

Air  Force  envir(umiental  protection  conunittccs  arc 
establisiied  at  Headquarters  USAl*.  each  mait)r  v  (Humand. 
and  at  each  base. 

M ea n  in^  of  cn  viron  men  tal  jwllu t:on .  AIR  U>  1. 
Polhitian  Ahatcmcut  citul  l.n\  irontncutul  (Juiilitw  complies 
not  only  with  the  letter  of  the  National  b.nviromucoial 
Policy  Act  but  with  the  spirit  as  well,  'Ibis  regulation 
explains  environmental  pollution  as  the  presence  ot 
physical,  chermcal.  and  bioh^gical  elements  oi  agents  that 
adversely  affect  human  health  or  welfare. 

Air  Force  Pollution  Control  Policy,  AI  R  l'^)~l  stales 
the  Air  Fiwc  policy  you  are  expected  to  uphold,  The  Air 
Force  actAcly  supports  environmental  quality  programs.  ,'\s 
a  means  of  enhancing  the  environment.  Air  I'orcc  activities 
are  not  only  required  to  compl\  with  Air  Ft)rce  directives 
but   with  criteria  and   standards  of  the  Hnvironmental 
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BEST  COPY  AVAILABLE 


5180-Tools 


Tool  Kit,  Crosscut  Saw 
Reconditioning 

4  ptece  Consists  ot  lomicf  rakof  toolh  Qiigo 
snlltng  block  set  gage  GGG  T  55i 

SE  5160-00-596-1466 


Tool  Kit,  Diesel  Injector 
Repair 

Cleaning  kit  lor  use  on  N  typc  General  Motors 
Delroil  Dk.'SoI  miectors  on  Dodge  and  interna 
lional  Ha«'VPste^  motortrucks  Bacharach  Instru 
menl  P/N  66  51 0? 

EA  5180-00-112-9431 

4»pl«C«.  Tool  roll  Kit  consrsis  ol  two  bru'ihcs. 
one  reamer,  and  one  stone 

Se  5ie0-0O>596-1566 

7-p*«ce.  Composed  ol  special  tods  for  repair 
and  mamtenarice  ot  fuel  injector  tubes  on  Gen 
erai  Motors  series  71  diesef  engines  Kent  Moore 
P/N  J  2?525 

Sc  5160-00-596-6541 

7'p\9C9.  Sleei  toot  box  Kit  cons-sts  of  body 
pilot  flaring  die  tube  tip  refmisher  reamers,  pilot 
reamer 

LA  5180-00-116-7463 

15-  f  1«C€.  Stoel  tool  case  Kit  consists  of  timing 
qages.  spray  t.p  reamer,  bushing  cleaner  miec 
!or  cleaner,  oockei  wrenches,  deburring  fool 
brushes,  sharpening  stone,  music  wire 

EA  5180-00-499-3495 

Tool  Kit,  Electrician's 

3-pl«C9.  Kit  confa^ns  pocket  Un.tc  onemans 
pliers  and  leather  two  pocket  '-jol  earner  Parts 
list  or  packing  hsl  included 

FA  5180-00-406-1859 

6-plec«.  Use  to  mamtam  electrica'  'vre  connor. 
tions  on  wheeled  and  tf-acked  vehic'os  W-:r 
case  inctuJes  stripper  and  cutfe*-  removers 
terminal  hand  crimpmg  too! 

EA  5160-00-676-9336 

16-  ploc«.  Cotton  duck  rool  b.iq  ^8"  long  9  ' 
cloi.«Mi  hog  u  K:t  coiiv.c;,-  of  pjcKSfJA  biadc 
di'i;  f hai^sciw  fraoK*  harrimer  Me  handle 
i-i  e  \/otlage  mdtcator  insulation  lape  socket 
head  screw  k^v  '^n'-  pocket  knte.  piief:i  rjie 
screwdrKors  wfcnc  ►".js  Dntcct  p.irt'i  r' 
eluded  MILT3B3' 

EA  5160-00-545-8645 

22-pl»C©.  Metal  \oo\  cjse  Kit  consists  o'  '.^.ci- 
ots  handles.  exitUMons  screw cJr.ve- 
»\  rerir.hos 

5160-00-505-5923 

24-pi*Cd.  Cdnvas  tool  roil  Kit  con«..  sts  ot  e^ten 
Sion  blaoe.  screwdrivof  handles  nutrj-  ^r- 
blades  pliers,  tanered  roan^ers,  bcewdr  ve^ 
blades,  adjustable  wrench 

EA  5180-00-650-7821 
46-pl6C9.  Metal  box  Contains  inserts  name 
plale  instruction  sheets  contents  chart  exi^a 
sforaqo  a'eas  installing,  removat  fooi  remnv,!' 
tools  extra  tip  for  removal  tool,  install. n:j  tof.l 
un.vert,al  position  head,  positioner,  cnmp.ng 
tool  frames,  turret  heads,  service  mspec;  on 
gage  hex  wrench  Daniels  P'N  DMC  B7 

EA  5160-00-178-0029 
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r '|-'A 


90-pl»ce.  Tool  c»'est  Datmi  p.i*ts 
Ki|  contains  autjof  t)  t  t",Tici        ^<:.,u\  i 
soidermg  torct'  Kit   raV  hi  ■  n«  t)'  >  "  * 
drill,  brace  bit  nf\rt  Svir    f  i      f     ..j  i-  , 
ifame.  hammers  fif  riar^  ;  •  t]  m  - 

cite  pocket  Knfo  maicaio'  ^  ^  -r'      i  • 
key  set  pliers  tt'ive  p  r^  Pi.-^-ch  loo a- 
cessones  roll  myitipu?  loin  i s/f 
flat  tip  screwdrivers  nono  t^f  lr  ;  ^  , 

sharpenmrj  sfrir>»'  wo  ntr  ppo-  ^-'r...  i  .  • 
mear,ijring  |ap(?  wrenches  sfK>t't  Aff".  •  w  • 
socket  wrench  *-,el  car>f>  n.nui  e'-\  .»  i  .  < 

bender 

5180-00-313-3045 

Tool  Kit,  Electrical  Repair 

Kit  cons'S's  of  briy  belt  hac^saw  biade  and 
frame  chisel  g  oves  hamrr-of  md'Catof  lapn 
lantern  matting  puers  pullf  scewdr-y/eri 
stripper  twine  wrench  GGG  C3  60 

EA  5160-00-391*1067 

Tool  Kit,  Electronic 
System  Maintenance 

Consists  of  13  components  so'dermg  iron 
desQidenng  heac)  piie^s  screwonvers  Coope^ 
P/N  lOOK 

FA  5180-00-009-1970 

Tool  Kit,  Engine  Repair 

6-pIttce.  fncludes  space?  ir.st.i  cr  'eniovc 
support  block  dnver  handle  C(j'»ne,-  '  nq  fo^.■^ 
holder 

FA  5160-00-1 16-7467 


Tc-P  Kit,  Gauge 


•   A.''  As'^cafl  prosswre  qr^,;.jiy.  fu-r^  shen -n 


fT>l'. 


f  A 


5180-00-873-3753 


Tool  Kit,  General 
Mechanic's 

D 

Kil  (.  onbiStl.  .-it  pry  b,'j'  pa  nl  r  's,s' 
file  fias^'iig*^:  gaqr  hamrT>ef  km 
Knife  pliers  punches  sc'eAa- 
socket  wrencher,  portapU'  too'  be  • 

EA  5160-00-177-7033 


.rt  hant.; 

POCKf!' 

shea^r. 


Rail  and  marme  diesel  eng  ;^ 
dudes  pry  bar,  hacksaw  ti'.i 
scratch  brush  chisel  lue  Ir  i  • 
sets  socket  nead  screw  p  - 
components 


?    Tool  DOx  -r. 
pa  r't  b'usM 
t  arraier  Ke^ 
ponchos  cilhei 


EA 


5180-00-629-9783 


Tool  Kit,  Groundsman's 
Equipment 


3  piece  K"  {  ont.i.f 
er  (jioves  and  p''i 
t-.A 


tnd.. 


sa?e!v  I  fi'  '.  ie;-*f 
5180-00-406-1242 


CBC -029 


Figure  2-\}.  S.iniplt-  pjyo  lioni  (;SA 
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Protection  Agency  (EPA)  and  State  and  local  pollution 
abatement  agencies  in  the  area.  St  mdards  apply  to 
buildings,  installations,  structures,  public  work:., 
equipment,  aircraft,  and  vehicles  used  by  the  Air  Force. 

Designs  for  buildings,  facilities,  weapon  systems,  etc., 
will  include  pollution  controls.  Corrective  measures  needed 
to  prevent,  control,  or  abate  environmental  pollution  must 
be  adopted  on  an  accelerated  basis.  Air  Force  personnel 
should  support  and  assist  development  of  local  community 
pollution  abatement  programs  If  Air  Force  operations 
generate  environmental  pollution,  action  should  be  taken  to 
control  or  eliminate  the  poUutants.  Preventive  pollution 
control  can  be  provided  by  reducing  or  eliminating  waste, 
selecting  chemicals  and  other  materials  of  low  pollution 
potential,  and  including  pollution  abatement  in 
specifications. 

The  discharge  or  disposition  of  pollutants  must  be  done 
so  that  they  will  not  expose  people  to  substances  hazardous 
to  health;  cause  substantial  harm  to  animals,  fish,  shellfish, 
or  wildlife;  cause  economic  loss  by  damaging  plants  or 
crops;  or  cause  groundwater  contamination.  Waste  disposal 
contracts  must  comply  with  local.  State,  or  Federal 
standards.  Municipal  or  regional  waste  disposal  systems  are 
preferred  for  disposing  of  waste  from  Air  Force  facilities. 
When  Air  Force  waste  systems  musi  be  installed,  laboratory 
and  other  supporting  facilities  will  be  provided.  Air  Force 
pollution  control  facilities  must  be  operated  only  by  trained 
people  capable  of  meeting  operator  certification 
requirements  of  the  State.  If  no  State  requirements  exist, 
operators  must  meet  Air  Force  standards. 

All  materials,  such  as  solid  fuels,  ashes,  petroleum 
products,  and  chemical  agents,  must  be  stored,  handled, 
and  used  to  minimize  water  and  air  pollution.  Engineering 
safeguards,  such  as  dikes,  catchment  basins,  and  relief 
vessels  necessary  to  prevent  water  pollution  by  accidental 
leakage  of  stored  fuels,  solvents,  o'\h  .  and  other  "hemicals, 
are  required.  Any  di.scharge  of  radioactivity  must  meet 
Atomic  Energy  Commission  and  EPA  regulations  and 
requirements. 

The  environmental  consequences  of  a  proposed  action 
nmsl  he  assessed  early  in  the  planning  process.  Programs 
and  actions  are  to  be  planned  and  carried  out  to  avoid  as 
much  adverse  effects  on  the  environment  as  possible. 
Oversea  installations  must  confonn  to  the  same  pollution 
abatement  policies  as  prescribed  for  domestic  installations. 
Environmental  protection  matters  are  to  be  coordinated 
with  all  concerned  agencies  to  avoid  duplication  and  to 
insure  timely  solutions  to  mutual  problems. 

The  base  environmental  protection  committee  operates 
under  detailed  in.structions  issued  by  the  major  command. 
The  committee  reviews  environmental  impact  assessments 
and  statements  to  insure  that  the  intent  of  the  National 
Environmental  F'olicy  Act  and  Executive  Orders  are  carried 
out. 


Exercises  (022): 

I.   What    Air   Force    document   deals   with  pollution 
abatement  and  environmental  control? 
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2.  What  congressional  act  deals  with  the  national  policy 
of  pri>ductive  and  enjoyable  harmony  between  people 
and  their  environmciii 


3.   Where    are    Air    Force    environmental  protection 
committees  established 


4.   State  Air  Force  policy  on  cooperation  with  federal. 
State,  and  local  agencies  to  control  pollution. 


023.   Identify  correct  individual  responsibilities  for 
conserving  resources  and  improving  the  environiiient. 

Individual  Responsibilities  for  Conserving  Resources 
and  Improving  the  Environment,  There  are  many  things 
you  can  do  as  an  individual  to  conserve  resources  and 
improve  the  environment.  A  positive  and  helpful  attitude  is 
most  important.  Remember,  what  you  do  today  will  not 
only  benefit  you  now  but  will  be  appreciated  by  those  who 
are  here  when  you  are  gone. 

The  following  tips  are  useful  things  you  can  do  to  make 
your  base,  your  community,  and  your  Nation  a  better  place 
in  which  to  live.  In  our  lifetime,  we  can  truly  have 
''.America  the  Beautiful."  These  tips  are  general  in  nature. 
Local  rules  and  commonsense,  however,  take  precedence 
in  each  situation. 

(1)  Conserve  all  types  of  resources.  This  means  don't 
waste  materials,  money,  or  time. 

(2)  Save  newspapers  for  the  Scouts  or  other  collection 
groups. 

(3)  Buy  returnable  bottles.  Throw-aways  waste 
materials. 

(4)  Don't  buy  unnecessary  electrical  devices.  They  waste 
money  and  energy. 

(5)  Use  your  time  wisely,  on  the  job  and  at  home.  During 
slow  periods,  use  the  time  for  study  rather  than  for  goofing 
off. 

(6)  Requisition  and  store  only  the  amount  of  materials 
required  for  :  iC  present  and  immediate  future.  An  excess  is 
a  waste  of  resources. 

(7)  When  possible,  use  recycling  containers  to  dispose  of 
cans,  bottles,  and  paper. 

(8)  Cut  down  on  the  use  of  paper  products.  For  instance, 
why  use  two  paper  towels  to  dry  your  hands  when  one  will 
do?  Reuse  paper  when  practical.  Write  on  both  sides. 

(9)  Keep  streams  clean.  Don't  throw  or  discharge  any 
waste  into  our  water  systems. 

( 10)  Help  keep  the  noise  level  down,  especially  at  night. 

(11)  Soap  eventually  finds  its  way  into  streams;  so  use 
low-phosphate  detergent  soap. 

(12)  Use  the  smallest  amounts  of  soap  necessary  for 
washers.  Try  one-half  of  the  recommended  amount.  Often, 
it  cleans  as  well  as  the  full  amount. 
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(13)  Operate  your  washers  only  for  a  full  load.  Partial 
loads  waste  fuel  and  water, 

(14)  Ta'.  •  a  shower  instead  of  a  bath.  On  the  average, 
you  use  three  times  more  water  for  a  bath  than  for  a  shower. 

(13)  Turn  fauects  off  tightly  and  repair  leaky  faueets. 
liach  leak  wastes  a  barrel  or  more  of  water  per  day. 

(U))  When  watering  the  lawn,  do  not  waste  water  by 
allowing  it  to  run  down  the  street. 

(17)  Use  white  rather  than  colored  toilet  paper.  The  dye 
in  the  paper  may  be  harmful  to  you  or  to  the  stream  it 
reaehes. 

(18)  Do  nv)t  pour  .substances  in  the  sink  such  as  poisons, 
drugs,  greases,  paints,  and  solvents.  Instead,  seal  them  in  a 
container  and  place  them  in  the  refuse  for  burial. 

(19)  \void  buying  products  wrapped  with  plastic  made 
of  polyvinyl  chloride.  It  pollutes  the  air  if  burned  and  will 
not  decompose  if  buried. 

(20)  Keep  the  air  clean.  A'oid  hydrocarbon  activated 
spray  products.  Use  finger  pump  spray  instead, 

(21)  Do  not  burn  grass,  leaves,  or  tree  limbs.  Make  a 
compost  pile  and  use  it  to  improve  the  soil. 

(22)  Plant  trees,  shrubs,  and  grass.  They  filter  dust  from 
the  air  and  consume  unneeded  carbon  dioxide  to  produce 
needed  oxygen. 

(23)  Walk  or  use  a  bicycle  when  traveling  less  than  half  a 
mile.  The  exercise  w^ll  improve  your  health.  Short  drives  in 
the  car  are  harmful  to  the  engine,  as  a  cold  engine  produces 
and  retains  harmful  acids.  Also,  the  gasoline  you  bum  is 
costly  and  adds  pollution  to  the  air. 

(24)  Use  a  litter  bag  in  your  car.  To  litter  degrades  not 
only  the  environment  but  also  the  person  who  litters. 

(23)  Use  a  small-engine  car  rather  than  a  large  one.  The 
more  horses  you  have,  the  more  hay  they  eat. 

(26)  If  you  keep  your  car  in  a  reasonable  condition  of 
maintenance,  it  saves  you  gas  and  lowers  the  pollution 
level. 

(27)  Combine  your  car  trips  so  as  to  make  less  of  them, 

(28)  Lead  poisons  the  air.  If  possible,  use  lead-free  gas 
and  nonlead  paints. 

(29)  Don't  idle  your  car  for  long  periods  of  time.  Turn  off 
the  ignition  when  waiting. 

(30)  Conserve  energy.  In  the  summer,  set  the  thermostat 
at  78"".  In  the  winter,  set  it  at  68°;  then  adjust  your  clothing 
to  become  comfortable,  not  your  thermostat . 

(31)  When  you  leave  an  area,  turn  off  the  lights,  radio, 
TV.  air  conditiv>ner,  or  heater. 

(32)  Remove  snow  and  ice  with  a  shovel.  Salt  is  harmful 
to  streams,  trees,  grass,  and  the  underside  of  your  car, 

(33)  Remove  clothes  needing  ironing  from  dryer  while 
they  are  still  slightly  damp.  There's  no  point  in  wasting 
energy  to  dry  them  thoroughly  if  they'll  only  have  to  be 
dampened  a^iain  for  ironing. 

(34)  Gel  the  most  lighting  from  the  electricity  you  use. 
Paint  walls  white  or  light  colored,  and  keep  lamps  and  light 
fixtures  clean.  Dark  walls  and  dirt  absorb  light. 


(35)  Re  luce  paperwork.  If  a  formal  reply  is  not  required, 
use  the  phone  or  an  informal  note. 

(36)  Clci.-y  filters  for  air  conditioners,  heaters,  clothes 
dryers,  etc.  To  lo  so  increases  the  efficiency  of  the  units. 

(37)  Follow  the  manufacturer's  instructions  on  operation 
and  maintenance,  Thiiius  will  last  longer  and  operate  better. 

Exercises  (023): 

Place  a  T  for  true  in  the  following  blanks  that  represent 
good  individual  practices  for  conserving  resources  and 
improving  the  environment.  Correct  any  false  statements. 
 (  1 )  Buy  throw  away  soft  drink  bottles. 


.-,(2)  Buy  electrical  devices  such  a,s  pencil  sharpeners, 
knives,  golf  carts,  etc. 


(3)  Use  white  rather  than  colored  disposable  paper 
products. 


(4)  Use   finger  pump  spray  products  rather  than 
hydrocarbon  activated  sprays. 


 (5)  Set  your  themostat  at  68°  in  the  winter  and  78°  in 

the  summer. 


(6)  Short  drives  in  your  car  can  be  harmful  to  the 
engine. 


(7)  Littering  is  a  sign  of  immaturity. 


(8)  Paint  walls  a  dark  color  to  save  electricity. 


(9)  A  large  engine  uses  less  gasoline  than  a  small 
engine  in  a  car. 


( 10)  Follow  the  manufacturer's  recommendations  on 
machine  lubrication. 
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CHAPTER  3 


Publications,  Forms,  and  Security 


YOUK  JOB  is  o\  a  critical  nature  and  is  highly  dependent 
nn  tile  latest  Cioverniiicnt  pubhcations.  This  is  especially 
true  \Mth  reuulations  dcahng  with  the  impact  of  your  work 
on  the  environment.  Since  Air  Force  forms  arc  used  to 
document  the  work  you  do  and  you  use  them  to  order 
suppli«;s  and  equipment,  they  are  important.  Hnemy  agents 
continually  try  to  uet  an  insight  into  our  operations 
Security  is  denying  the  enemy  this  valuable  data. 
I  hcrcforc.  n)  this  chapter  we  deal  with  publications,  forms, 
and  security. 

3-1.  Publications 

lla\c  you  ever  bought  a  bicycle  or  stereo  unassembled  ?  If 
you  Ikivc,  tlid  vou  follow  the  instructions  and  sketches  that 
were  includetl  in  the  package;  or  did  you  start  out 
haphazardly  to  assemble  the  unit  by  irial  and  error?  If  you 
liid  not  follow  the  manufacturer's  instructions,  the  chances 
are  that  you  had  a  tough  time  getting  the  pieces  together 
correctly  or  that  it  did  nol  operate  accordingly  to  your 
expec  unions. 

Instructions  from  the  manufacturer  pertaining  to 
assembly,  operation,  and  maintenance  are  called  by  vnriuus 
names  such  as  assembly  instructions,  operat<.>r  s  numual. 
maintenance  checklist,  an^l  other  names.  The  Air  Force  has 
;  '.vsicm  o!  publications  that  furnishes  you  with  the 
mlormahtMi        ncc<.I  t»    lo  your  Job. 

^'our  job  in  the  Air  Force  is  complex.  You  can 
understand  this  more  fully  as  you  study  your  job  specia!i\ 
ilcscription.  To  do  this  job,  you  must  be  able  to  perform 
man>  tasks  in  a  j)roficient  manner.  Also,  you  must  keep 
ahiea-.i  o\  new  ilevclopments  in  the  technical  and 
administrative  t lekls. 

No  one  is  expected  to  retain  all  of  the  details  of  a  job  as 
com(>lex  as  yours,  st)  Air  Force  publications  arc  available  to 
you  lor  tliis  information.  The  two  main  types  of 
publications  available  to  .Air  Force  personnel  are  standard 
f)nbhcatit>ns  and  Air  Force  technical  orders. 

024.  Identiiy  the  Air  Force  standard  publication  with 
the  speciflc  t>pe  ef  information  contained  in  that 
puhlicati<m. 

Standard  Publications.  There  are  numerous  types  of 
standani  publications.  They  are  used  to  announce  policies, 
assign     responsibilities,     prescribe     procedures,  issue 


instructit>ns.  and  give  information.  Siand:ird  publications 
are  in  the  tbrm  of  regulations,  manuals.  sup[^lcments.  and 
operating  in  struct  it)  us.  all  of  which  aiv  directive. 
Pamphlets,  visual  rids,  bulletins,  and  stall  digests  arc 
standard  publications  that  are  nondirective  and  are  intended 
tor  inlt>rniation  or  instructional  purposes.  In  this  lext.  we 
will  only  ct)vcr  those  publications  that  you  come  in  ct>ntact 
with  nn^st  frequently:  regulations,  manuals,  supplements, 
and  pamphlets. 

Regulations,  Air  Force  regulations  (AFR)  are  the 
primary  atiminislrative  directives  that  are  used  for 
governing  Air  Force  activities.  They  set  the  standards  of 
management  and  control  official  business  of  the  .^ir  Force. 
Regulatiiuis  alst)  announce  policies;  assign  responsibilities', 
direct  actit)ns;  and.  when  necessary,  presciibe  brief 
procedural  iletails.  The  policies  outlined  in  regulations  are 
usually  permanent  in  nature.  This  means  thai  the  purpose  or 
intent  of  the  regulation  will  remain  in  effect  until  a  major 
change  in  mission  or  objective  has  been  established. 

Manuals,  Air  Force  manuals  (AFM)  contain  permane  u 
and  detailed  instructions,  procedures,  and  lechniqucs 
telling  people  how  to  do  their  jobs.  A  manual  ma\  be 
general  and  deal  with  principles  or  doctrine.  It  may  be  a 
combination  of  material  related  to  an  entire  fiuictit>n.  it  may 
also  be  a  step-by- step  directive  telling  how'  to  do  a  spccilic 
task  or  operation.  Manuals  may  include  policies  or  assign 
responsibilities  when  tlicy  do  not  repeat  material  in  another 
Air  Force  publication.  Manuals  arc  often  identical  with 
regulations.  The  Air  Force  is  in  the  process  of  phasing  out 
manuals  and  republishing  them  as  regulations.  Many  \  ca»s 
ma>  he  required  t  )ct)mplcte  this  process. 

Supplements.  Webster  defines  a  supplement  as 
so!nething  that  completes  or  makes  an  addition,  a  part 
added  *o  the  publicatit)n.  For  example,  a  higher 
ht -Klquarters  issues  a  publication  for  all  units  under  its 
command.  .A  lower  headquarters  can  issue  an  auxiliars 
publication  dealing  with  the  same  subject  but  going  into 
more  detail.  For  instance,  an  Air  Force  publication  dealing 
with  storage  of  water  makes  general  policy  statements  on 
the  subject.  A  command  in  Florida  and  one  in  Alaska  may 
supplement  the  regulation.  Obviously  the  protection 
required  against  freezing  will  be  different.  With  the  use  of 
supp!^  iaenls.  a  commander  ensures  efficient  local 
apphcation  of  directives  issueu  by  higher  headquarters. 

Pamphlets,  Air  Force  pamphlets  (AFP)  usualU  contain 
information    rather   than    directive    material.    1'hey  arc 
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normally  issued  as  a  booklet  or  brochure  and  may  be  written  :S.  What  At-'  reizulation  governs  aerial  appheation  of 
in  an  informal  style.  For  instance,  if  you  are  being  assigned  pestic  ides? 

overseas,  you  may  receive  a  pamphlet  eoneerning  the 
custoins,  religions,  and  history  of  the  country  in  which  you 
will  be  stationed. 


Kxercises  (024): 

Match  tile  type  of  publication  in  colunm  B  with  the  type  of 
information  in  column  A.  Some  items  in  column  B  njaybe 
used  more  than  once. 


Column  B 
Type  (ff  PiihUcation 

a.  Rcgulutiuns. 

b.  Manuals. 

c.  Supplements, 
t].  Pamphlets. 


( \>!iann  A 

iypc  of  Infarmafioti 

 i  1 )   Pemiam^nt     and  detailed 

prtKcdurcs  tor  pertbrniing 
(liHies. 

 (2)  Ousttiiiis  ol  a  country. 

 (3)   Major      command  adds 

inrorniation  to  a  directive. 
 (4)   Scls         standards  of 

management. 
 . —  (5)   Announce     policies  and 

assigns  :.  sponsibiliiies. 


025.  From  an  excerpt  shown  ;n  an  Air  Force  standard 
publication,,  locate  specific  information  pertaining  to 
that  publication. 

An  Kxcerpt  from  a  Standard  I'ublication.  Air  Force 
Regulation  91-21,  Pest  Manoiicnient  Program,  contains 
much  important  information  that  affects  every  pest 
management  job  you  do.  Figure  ^- L  which  shows  pages 
from  this  regulation,  is  representative  of  the  types  of 
information  found  in  Air  Force  regulations.  Refer  to  this 
liguie  as  you  complete  the  following  exercises. 


Fxercises  (025): 
I.   What  is  :he  pur|>osc  of  AFR  91-21? 


1.    What   type   v.\   vehicle  is 
management  operations? 


recommended   for  pest 


3.   1-or  whiMn  must  protective  clothing  and  equipment  be 
provided? 


4.   Under  what  conditions  may  the  aerial  application  of 
pesticides  be  authori/.ed? 


026,  Usin|»  an  e\liacl  from  a  nuuKM'ical  and  subjective 
index,  locate  the  number  or  title  of  stamlard 
publications. 

Indexes  to  Standard  Publications.  Sup|  i)se  you  were 
ihieresled  in  haying  a  lent  and  had  a  maii  order  catalog. 
Would  you  page  idly  through  the  book  until  you  happened 
to  find  tents,  or  would  you  go  to  the  index  and  then  turn 
directly  to  the  indicated  pages  /  From  the  standpoint  of 
efficiency  and  time  saved,  the  answer  is:  O^bvious. 

The  situation  is  similar  with  Air  Force  standard 
publications.  Much  time  would  be  lost  and  inefficiency 
would  result  if  you  had  to  search  through  all  the  existing 
publications  to  find  a  particular  subject  you  need. 

You  are  aware  by  now  tluit  the  Air  Force  has  a 
tremendous  number  of  publications  of  various  types  with 
many  and  diverse  uses.  Naturally  there  must  be  a  system  for 
cataloging  these  directives.  To  identify  them,  the  Air  Ft)rce 
has  adopted  the  following  system. 

Numerical  and  subject  matter  index.  Air  Force 
Regulation  0-2,  Numerical  Index  of  Standard  and 
Recurring  Air  Fo*'ce  Publication,  is  a  booklet  about  80 
pages  long.  The  actual  publications  in  the  index  reference 
may  require  a  number  of  bbiary-type  cabinets  to  contain 
them.  Your  base  ha^  a  publications  reference  library.  More 
than  likely  there  is  a  library  of  Air  Force  publications  in  the 
administrative  section  of  CE.  The  library  is  there  for  your 
use — so  learn  how  to  use  it. 

The  index  lists  about  I  (HI  subjects  that  arc  identified  by 
series  numbers. 

Standard  publications  numbering*  system.  As  you 
learned  in  the  last  section.  AFM  91-16  is  a  standard 
publication.  The  first  number  {^)\ )  before  the  dash  (-)  is  the 
series  number  of  the  subject  (Real  Property  Opcratitm  and 
Maintenance)  of  the  publication.  The  first  sciics  number  in 
the  book  is  zero  (0),  The  subject  of  ()  is  indexes,  S  is 
publications  management.  ^5  is  military  personnel.  «SS  is 
civil  engineering  geiicial.  127  is  ground  safety,  \(^\  is 
aerospace  medicine,  and  205  is  security,  Fach  of  the 
hundred  subjects  is  lurthci  identified  by  addinu  a  ilash 
number  to  the  basic  series  number;  for  exaniple.  R  .^S-.^, 
Services  Dates  and  Pafe^  *f  Ranks  (of  mililar\  peisonnel), 
and  R  161-1 .  Control  ofVecwrdhtnu'  nisca\e\. 

I  hc  major  scries  of  publications  that  concern  work  in  CF 
range  from  the  S5  to  series. 

The  series  of  these  publications  arc  titled  as  follows: 

85  i  '/I  //  f\fHiitu  ct  in,i*  (icm  nil 

8(1  (  V 1/7  i'uiijiin  cnny  fn/i^niintnitii: 

87  Rciil  f^ti>}n'rf\  :\ttitun:i  ifiiHf 

88  /-  ticilitv  Dtwii^n  iitui  f'hinnim: 

89  Fui  ilify  Cdnstru-  tiiHi 
*H)  hamih  H(>i<.\in\; 

91  Real  f*ni/>crfv  (ypi  tafUfti  onJ  MiiinftHiUm 

92  Civil  l''n\:in('i'i  inK    /•  u\  rtftci  tiiUt 

93  Spi'i'itil  i'lvil  f\tii^'nu'iHfi^> 
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Pm'MA^AG^:MF.NTPH(X;RAM 

Hill  rtfiutiiiiifi  \uiei  i^Jiciei.  rti|X)riihililK».  iw)  ^tim\  k  pen  ft«ii|;ertifnt  ii  An  f  ont  inilillniofii  li  implc' 
nKflli  [X)D  DifrdivMlM)!,  ft  hosmhtt  lb  r(|iilii)on  hii  bnn  dfifmiDed  in  br  coniiiieni  vtith  Occupilioiiil 
Silrh  tnJ  H<ilih  Admintiinlion  (OSHAj  luniuvli  191095,  1910 13],  1910 1)4,  19|0  HV  1910  Hft,  I9IDI4I, 
M K  m  1000.  iml  iiih  Air  f'orct  [XcupttKUiil  Sifeir  itk)  HeiKh  (Al^SHl        \V^}\,  IM^2. 


P(ti  MinipmcM  EtpliiAcd  

Pen  Mini|tnKiii  KnpoAiibiliiiei  

kpp]iniiKl&}uip<ncfll   

DwciioflofTRhnicilWoil  

Sife|mtfiinHk:'Jlin|ToiicMiltni]i   

Aenil  Diiptnil  of  PeiiKidci  

Air  fm  Piflicipiiioii  ui  Civttiin  Ptii  MiMtnust  Woft  

ColledM,  Prtkrvitiofi,  ud  hwtuini  Imscu  fo<  IdtntinciltOR . 
lWAA|tflRe<iK«ofNCofltTQl  

DlipiKllK)«0(DlDC«lMBUtlM  


Altichnynu 

1  Tenn^Eipl'  d  

2  U\\  HiMitmtii  Htthodi  ... 

)  Pt»Kt4t  [viluiiM)  Sumv)  TibulMKM     .       .  . 

4  CfitikiWA  CiU|nKi    

)  Simplt  AF  Pcil  MuuicRienl  Pninm  Review  Fiym  Wiih  Iniiniclioni 

Fomj  Pricnbed 

AF  Fonn  290,  Truicnpt  for  PttI  Ripon 

AF  Fonn  644,  N  Hini|tiwni  Pn|nin  Review   


OD  Fonri  1126.  Cenificiie  o(  CompficiKy 

00     ll2ft'  I .  remriciif  nf  CoinptieKy  (cinl) 

Form  Adi^ 

DD  Fonn  1)1 :,  PfM  Cony  Repwt 

I.  hfi  HiiiftMit  h^M,  TV  pen  mini|er  tupcf' 
viicv  ind  puu  intiiuiTi  into  tdeci  lo  ((Xtirol  peiu  ihil 
inntmil  diKWi.  iniKiy  perv1n^'l,  dniroy  ot  dejtrKit  the 
quill)  ol  ml  piupcny,  iiuck  im,  nirf,  ind  oniimcoiit 
plinh.  cro^d  benericiil  p\Wy  ind  itincl  ind  pn^vide 
cover  lor  imniil  peiii  Pen*  iiKtudc  Mneruui  inucii  ind 
reined  lo^ei  riniih,  lerreiinil  »d  iquitic  plinli 
(wcedil,  imwic  lod  \tn\  rrdeflU.  birdi,  ferti  prtdiioty 
vimili.  mit\.  Mmiinici,  iniiK,  «l|ie,  fuii|il  plini 
diKUci,  minne  *t)od  boftrt,  v4  other  or|U)iiin(,  nher 
thui  dofiietiic  iniinalt,  ihii  ve  nor  dctinhlt  InKinied 


Sypcnedei  AR  91  <21 . 10  FebfiU)  I97S  (Set  ii|Mture 

pi|t  tor  lumntiry  of  chmitt ) 

No.  ol  Pnnied  Pitei  20 

OPR  HQAFWDHVNlLK'olS  M  V»M<r) 

Apfiravci)  b)  W\)  iMi)  Gtnenl  W  D  Gilbcn) 

Writer  Ldiiot  M  M  dm 

Diunbuiion  [ 


.Aichl 


.2c(7) 


2«IKil 

hCDrt  ?d(l)(j) 

ptil  inini|{flifni  (IPM)  procedurct  will  U  uieo  when 
pnciKihle.  10  rtdiKe  Ihe  reliuKi » tihemicil)  u  i  con- 
trol pweduit  A  ptiiiil  liM  o(  IPM  nvthodi  it  in  iitKh- 
ncnt  2  Petl  niini|ein:.ii  m\\  nuke  lure  tJui  pcui  m 
CMtrolN  effMivtly  uv)  (tonomicilly,  while  CDnimiAi- 
m  of  ihe  cK^'twni  utd  nib  lo  huinu  beihli  ciuiod 
by  peti  toAlfi^  meiiuiti  irt  held  to  i  (itiniinuin.  In  pn- 
cnl,  pen  nuruietncnt  mmi  incliidc 

I  Applytni  inuciKidtt.  rodcnticidet.  heftiicidei.  fun- 
IKidct,  vkI  oilier  peiitcidei  to  cofltrol  pttti  of  nvtdicil 
ind  tcoflomic  imponmct. 

b  CondtKiini  inipe^iiont  lo  deiertnine  the  need  for,  ind 
il^  (ffe<iiveoti^  of,  peti  control  mcityrci 

c  RtcomiMndini  conitrvciion  iiudirdi  uh)  miinte> 
Aince  lechni^Dci  to  mike  buildi,^i  reiimnt  to  Krtnitti, 
hirdi,  rDdesii.idoiherpeit^ 

d  Fymiiitin}  itid  ipplyin|  other  ippropniK  coniiDl 
tneiturti  to  protect  lybtiiience  lupplic i,  (lMhin|,  c^uip- 
nieni,  wood  piDducit,  ud  other  milcniii  \m  pent 


AFltMl  IMircklfll 

29  CFlt  I92S  while  oa  i  US  Ail  Foitc  fKiliiy  to  mure 
ule  «orlib|  (oaditioM  fn  contiKi  permMl  md  i  ule 
tfl^iroMVSt  for  occupuiiof  Air  Fwci  ficiliiMi 

c  TV  coAirtclor  nyii  fumiih  the  BCE  libcli  of  ill 
peUKiiki  (iKd  on  (he  contncl,  u  wtll  u  wy  otkr  diu 
mmi  to  prtpirt  the  ipitillaiKw  fttt  Control  SiuMtry 
Report  (RCS.  0[>M(AAARII080|  ud  tk  Amil  RtvKw 
of  Ptti  CoMrol  (RCS.  DD-M(A)  Kormerly  RCS  DD- 
HA£(A))I224),  II  dcKrilxd  in  piriiriph  9  Ptukide 
libcit  miiii  be  Kol  to  the  MAICOM  peit  niAiietotti 
profeti^  wtthii  M  diyi  ifier  coitrvi  iwvd, 

3.Sir((w4ihlM^TitkMiliTiik 

1  Siroa)  bokti  of  other  ipftopnile  cooUiien  with 
locki  mvii  be  uied  lo  mm  ufc  luadliR|.  ito(t|t,  iM 
tnniportitioioi  peukldei. 

h  Vcbklei  iMltMd  to  ihc  piit  tMHiiemeot  Kciioo 
myii  be  foe  peM  fiiM|tfneai  operttuu  oflly.  All 
penicidi  dijpmii  oqilpwii  m  be  ^uipcd  to  the  peit 
miMtePfM  wiioR.  TV  pt«  «ii|eaeBl  ikop  lu^r- 
pctMinO]!  uiiuiii  the  vtkkle  keyt.  Vehtr!;. 
ml  V  ofiippid  with  locbiti  coiipiraBeiti  for  rirr^e  of 
peniciiki  ud  DtVf  cVnkili,  For  Ihii  pyipou,  i  (ek- 
phoM  siiMMKC  trwk  (NSN  2]2O^CO-80U9)9})  ii 


c  AllpTiiKiiHmii'«dforfot|lit,niitiiij,d)iiiiii|, 
iod  ultfi'low  volHirw  (ULV>  ippliciiio^  otttt  be  iir< 
cotKllllottd  lo  ptMtct  iV  opentor  frw  mum  pel 
iktde  upotittf  Thii  informiiMM  nut  V  reflected  ii  tV 
ordcriai  dui  provided  by  iV  tmaj  oriMitttm  to  tVir 
pirentcomatiid, 

d.  Fuini|U)ti  ciniM  be  ipplted,  Md  imcimI  combtitiioo 
or  eltctncil  povtr<4nt!en  tpnyii|  nuchitei  cuiioi  V 
UKd  for  lerotol  or  mm  ipnyi  iBiide  bitildiv|i  wiDyout  tV 
dtrtctor  of  hue  ntedkil  lervicct  ud  the  Vie  fin  chief 
ipprovil. 

e.  IV  BCE  itiuit  lurt  diipoul  vtion  for  ill  peiiKidei 
or  ptiiieidc  contiincn  ihit  hive  dctcrwnied  or  irr  int 
tumble  for  return  lo  depot  nockt,  Kcordifli  lo  KH  19*  I 
orotVreiiitini  policy  ind  pudmcc, 

f  Protective  elothmi  lAd  equiptneiti  muM  he  provided 
for  ill  penoo)  en|i|rd  ih  iniiiit{iiid  ipplyin|  pctiictdet 
Thii  t1oihin{  ind  eqtiipiMfii  isif  iiKlude  reipitiiori, 
thiUi.  |lovei,  ulety  ihoci,  ind  eoverilli,  u  well  it  ift> 
ciiliud  fumiplion  eqoipmeni,  if  fuini|iikKi  ii  perfomied 
Guidincc  coitctmini  rcipintory  dcvkei  for  peu  inini|t' 
menl  uie  m  APOSH  Stindvd  161-1  mutl  V  followed 
Shop  itipervitcn  mutt  keep  IV  current  copy  of  iliii  lUnd' 
vd  IN  tV  ihop  uid  V  luniliir  with  iit  coniinii 

|.  PtiiKidei  thii  civihiA  comnuniiKi  icciunulne  ind 
which  Vvt  beti  deii|fliied  u  etctti  in  iVir  ivedi  muu 
not  be  iiortd  on  Air  Force  inuilliitoni  Hindlmi  ind  n- 
pKkitint  prodlemi  luoctited  wiiS  ihc  iton|f  of  iVic 
ptiticidei  triite  ntki  ind  idd  lo  tV  ynw\  diipoiil 
problem. 

i.AirUDli^lffPMMda; 

1  WVn  irotind  peit  niruieiuAl  newirei  fvl.  it  do. 
pTKiKil,  or  not  pDiiible.  icnil  peitKide  duperul  my  be 
iul)Qnud  Policiet  ind  prticedim  for  ipflyinl  lenil 
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ipny  lit  m  AFH  9)^22  Rcqimii  for  lenil  ipny  ut  KM 
10  tV  }}5  TKtKil  Airlift  S()iiidiM  (Aerui  Spny  BrMb) 
It  RickenVflef  AFB  OH  112  H  Aenil  diiptnil  of  i  pci< 
iKide  II  performed  only  titer  iti  compwive  pnclicibdjiy 
ind  eflQciiveieii  hive  bctn  coiiM  cwfylly  TV  poi- 
iible  himful  effect  of  tV  peiticide  w  Vpeficiil  luocti, 
wildNfe,  ud  vc|ctitio8  in  iV  uti  to  V  tpnyed  nivtf 

V  tiken  uto  contiderittod 

b,  Wbcit  ttml  ditperu]  ii  ir^irtd  for  peu  contnl  on 
u  Air  Force  iiiullitton,  the  comnu^  coorlittik 
with  fedenj,  luie.  ud  locil  itithoriiiei  tVt  hiM  r  intei- 
tM  10  ucb  cofttol  iKuum,  u  rc^iftd  try  AFK  yi-22 
Bcfott  V|iwii|  tVie  control  neutitn.  it  contundir 
BHiti  obuio  1  tniten  itrMwit  from  ikK  itidiortlKi 
which  providei  for  n{hi-of-<ntry  ud  i  wiivir  o(  cli»  for 
eick  gwwer  of  Miby  lud  involved 

c.  Appliciiiot  of  pcitkidei-wViVr  by  lircnfi  or 
pound  openrui  etjuipniit^oi  otVr  thin  milituy  prop- 
crty  ii  prinurily  i  reipofliiSlity  of  tV  individu),  {mp, 
perucMil,  or  civil  ifency  ihn  owai  or  cofiuoii  tV 
praptrty.  RaqucUi  to  do  lutb  ipnyiij  mult  V  NNnittod 
lAj  ifffoved  M  diiwied  in  AFS  91-22,  (li  u  em(|;Rc]i, 
nqwKi  niy  V  (ittde  by  trieplme  or  itkmi|(,  but  inuit 

V  (OiflrtDed  in  vriitn|  v  uon  u  poiiible ) 

7,  Ak  rim  hrtk^Mta  b  CMlM  hH  Mm^HMl 

Wirk: 

I  WVn  i«  Air  FoRc  MuMn  ud  i  civiliu  (MUM* 
iity  hH  I  iMtmt  ii  pe«  MU|emi  prohkai, 
nilitivy  pirtkipilloo  iQiM  bi  profoiimiR  to  ik  roilitny 
Inlctf  K  in  tV  pinhlen 

b.  AUiitince  lit  pen  ffliniiement  wort  for  tV  vie 
benefti  of  peruni,  comnkunitiei,  uitei,  or  other  ft^til 
i|ciKKi  in  tV  ilniitd  Siiiti,  inclwdifli  lenil  ipny,  'i 
livtfi  only  wVn  re()uetird  by  tV  ipprDpriite  fedrri! 
ifCKy  thfOg|b  DOD  chinneli  in  ovefiei  ittii.  compiri- 
ble  utiiuiice  it  (iven  only  wVn  requeued  by  tV  ippni- 
priiie  nitioaii  public  Vihh  uthonliei  ind  ippro^ed  by 
tVMAJCOM 

I.  CiUedlM,  PrttmilkN,  twi  ttv(fdt^  IukU  for 
IdiitKkitiN,  Idcnliriciitnn  of  uitrecoimred  ud 
lodenii  miy  V  obiitne^  u  rtiUiu)  Ketjueai  for  icrv- 
Kti  ihould  he  diifcted  to  om  of  iV  uiti  liued  in  APR 
IM  '40,  or  to  oiVi  ipptofniir  ()0U  or  civiliin  ((cnctei 
Aduli  ind  lirvil  rnoiijuiiPci  thotild  br  icni  to 
USAFSaM/EKS  6itx>ki  AFB  TX  m  for  n^lifici 

IKM 

9.  The  Aiiiil  levkw  of  Prtt  Cnirtl  (R(>:  DD> 
H\Km  IfiTMrfy  1LS<-;  00-KJir.lAll224ll.  All  Air 
Force  ifliUllHionl  nun  <«niv\  in  ioauiI  trvicw  of  pci> 

conltol 

I  TV  BCE  myii  soinplele  in  AF  Rjnr  M6.  I\ii  Mm 
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Figure  3-1 .  Sample  pages  from  an  Air  Force  Rcgiilaiion. 
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Systems 
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The  key  to  using  a  library  is  learning  to  find  the 
publication  you  need.  AFR  0-2  is  that  key.  A  typical  page 
from  AFR  0-2  is  shown  in  figure  3-2.  The  series 
designations  of  standard  publications  in  this  figure  are  90, 
91 ,  and  92.  Notice  on  the  left  side  of  the  figure  the  entries 
R  and  M.  R  means  that  the  publication  is  an  Air  Force 
regulation,  M — Air  Force  manual,  and  P(not  shown) — Air 
Force  pamphlet.  Now  for  an  example. 


6  March  msi 
R  "  Air  Force  Regulation 
*>l  ~  Real  Pri>pcrly  Operation  and  M.-untenancc 
-2 1  -  Pest  Management  Program 
6Mareh         =  Dale  of  Publication 


Exercises  (026): 

Refer  to  figure  3-2  and  cu.  iplcte  either  number  or  title  of 
the  following  standard  publications. 


Xtanhcr 


1.  AFR  91-14. 

2.  AFR  91-16. 
^.  AFM  91-31. 
4.   


5- 
6. 


HvrhU'fdt'  Miinmil  for 

Noftrnt/iltifuJ  Weeds 

Cti.sttxliul  Service, 

C'ivii    iin,\iiftecrifix;  Ctmsithiinl 

l*n*\*rifm. 


3-2.  Forms 

Someone  onee  said  of  a  squadron  of  Hgliter  aircraft »  **We 
ean't  get  tlieni  off  tlie  ground  untn  tlie  paperwork  is 
eonipleted/*  Mueli  of  wliat  we  do  in  the  Air  Force  must  be 
placed  on  forms.  Forms  are  used  to  requisition  equipment 
and  supplies.  Tliey  are  used  to  keep  records  of  resources 
ordered,  used,  on  liand»  and  projected  for  future  use.  Your 
training  record  is  kept  on  a  form.  Your  evaluation  of 
workers  is  recorded  on  a  form.  Forms  are  used  as  official 
documentation  of  our  activities  in  our  jobs.  They  help  us  to 
remember  what  we  have  done  so  that  we  can  do  our  future 
jobs  even  better. 

027.  llsiiij;  an  extract  tVoin  AFR  0-9,  Numerical  Index  of 
Depurtmeutal  Forms,  locate  form  number,  title,  date, 
and  prescribing  directive  of  given  forms. 

Index  of  Departmental  Forms.  Air  Force  regulation 
(>-9  may  be  very  useful  when  completing  forms.  This  index 
covers  AF  Forms,  AFFO  (Air  Force  technical  order)  forms. 
DD  (Department  of  Defense)  forms,  and  others.  The 
regulation  is  published  every  4  months.  It  gives  you  the 
department »  form  number,  date  of  form,  title,  and 
prescribing  directive. 

Figure  3-3.  a  typical  page  from  AFR  0-9,  is  a  model  of 
what  the  complete  index  is  like.  Let\s  assume  you  have  to 
complete  an  AF  Form  646.  Go  down  the  left  column  until 
you  see  646.  The  black  dot  before  the  title  means  this  form 
is  new  since  the  last  index  publication.  The  form's  title  is 
DS  Ail  F'orce  Pest  Management  Program  Review,  and  the 
prescribing  directive  is  AFR  91-21  (how  convenient).  This 
regulatit>o  will  de.scr    j  how  the  form  is  usetl. 


028.  Cite  necessary  infornuition  needed  to  complete  AF 
Form  764a,  Rei|uisitioii  and  Requirement  Rei|uest,  aiul 
indicate  appropriate  entries  for  the  form. 

How  to  Older  Forins,  Ordering  forms  is  a  simple 
matter  of  completing  >ct  another  form.  Figure  3-4. 
Requisition  and  Reqi>irer: nt  Request  (AF  Form  764a).  is 
the  form  to  use.  On  il,  \ou  [)ul  ihe  followiui:  information. 

a.  Short  title  and  date  ul  ihe  form  needed, 

/).  Unit  of  requisition. 

c.  How  many  you  normally  use  each  month. 

(!.  Mow  nuiny  you  b.a\c  \m\  hand. 

c.  How  many  you  want  to  iLtiuisilion. 

For  data  on  how  to  u.se  it.  refer  to  the  previous  section  on 
the  use  of  AFR  C>-9,  The  prcscrihniL^  diioctive  that  applies 
to  a  particular  form  is  listed  in  the  right  column 

Exerci.ses  (028): 

I ,   What  intormation  is  typically  entered  on  AF  1-orm 
764a? 


2.   Refer  to  figure  3-4  to  complete  the  following. 

a.  What  is  the  date  of  the  form  you*re  ordering  and 
where  is  it  written  on  AF  Form  764a  in  figure  3- 
4? 


Kxercises  (027): 

!.   Rcler  to  figure  3-3  and  complete  eitiicr  the  title  or 
number  of  these  AF  foi  nis. 


How  would  you  order  four  ca.ses  of  the  form  for 
the  cominii  vear  ? 


.\nfnlh  I 


Ttllc 


3-3.  Security 


.\Iloini6lt 
At-  1  i»rn»  (t2^^ 


k\   


Cb;irj2c  ( )ul  Record. 

Ua>c  C'lvil  Hnginccr  .Schedule 

Cloihini!  Request  and  Receipi- 
Fcrnale. 


2.   What  i.s  (he  current  date  of  AF  Form  623? 


2.  What  is  the  prescribing  directive  for  AF  Form  635? 


42 


Picture  in  your  mind  for  a  moment  an  enemy  agent  .sent 
to  your  base  to  secure  intelligence  information.  You 
probably  see  a  si/  looking  individual  who  looks  like  a 
typical  spy  on  television.  Unfoilunat»?!y .  that  is  not  what  an 
enemy  agent  looks  like,  He  or  she  would  more  than  likely 
look  and  act  like  one  of  your  coworkers  or  a  neighbor.  We 
know  you  wouldn't  th:.ik  of  deliberately  di.sc losing  secret 
information  to  an  enemy.  But  do  you  know  that  you  can 
unintentionally  disclose  information  that  can  become  of 
possible  intelligence  value?  For  example,  suppose  you  see 
a  number  of  B-52  aircraft  on  the  runway  during  your  work. 
As  lar  as  you  know  this  infomiation  is  uncla.ssitled; 
however,  the  enemy  can  use  bits  of  information  to  gain  an 
insight  into  a  classified  plan.  Your  best  bet  is  to  cool  it — 
that  is.  don't  mention  this  infonnation  to  the  folks  around 
you;  for  beheve  it  or  not,  one  of  those  "'nice  folks"  can  be 
an  enemy  agent.  We  repeat  it,  *  is  not  suggested  here  that 
you  or  any  other  Air  Force  men  jer  would  knowingly  ever 
consider  giving  classified  information  or  information  of 
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Al  R  Jr.  lJ 

SI 

42  10 

AIM  (.7  1  \  1 

sr 

4J4t) 

AIM  (.7  l\  I 

( .1 

4240 

AIM  (i7  1 

(  s 

42  to 

W  W  (.7-tVl 

I  ;s 

4240 

AIM  (.7  |\  | 

{ :s 

4  J  to 

Al  M  t.7  1 

(  s 

42  in 

-MM  1..-  1 

ll\  JOMO 

I  700 

.MM  I70 

cs 

idoo 

Al  R  Ml.  7 

cs 

42  to 

AIM  1.7- 1  \  1 

cs 

42  iO 

AIM  (.7-l  \  1 

cs 

42JO 

AIM  <,7-l 

BEG -554 


Fijiurc  .^-3.  Sample  pa^LC  frotn  APR 


ERIC 


43  91 


BEST  COPY  AVAILABLE 


REM  AH  KS 


tPRt:SS  HARD  WHEN  USING  O  A  1. 1.  POINT  PEN) 


'      AF  Form  )46 

UNIT  OF  RUN 

CLASS 

S YM  BO  L 

.  TO: 

;       PDO  1231A 
j       Blcg  1.L7 

FROM: 

Bldg   1927,    Stop  43 

AF   »=ORM    764a   previous  edition  will,  be  used. 

<^CT  82 

Figure  3-4.  Sample.  Al"  \\nu\  764a 


1^  i:  t3  u  isrr  I  ON 


REQUIREMENT 


f  CJR  FORMS  USE  ONLY 


I  MONTHLY  USAGE 

\  25 


n  EM  E  RGENC Y 
j  PD  F^'ESPONSE 


ON  HAND 

5 


ON  E  TIME 


rOLL.OW  UP/TRACER 
MISSED  SHORT  ID 


REQUIREMENT: 


OTHER  (Specify) 

TCPREP..REo30   Sep  83 

SIGNATURE  AND  TITLE 


AND  ROMT  REQUEST 


possible  intelligence  value  to  the  enemies  of  our  country'; 
but  many  US  citizens  do  just  that,  merely  by  talking  too 
much.  So,  never  discuss  your  duties,  the  place  where  you 
work,  or  the  equipment  you  operate. 

029.  Specify  basic  facts  about  the  operational  security 
(OPSEC)  program  and  its  relationship  to  other  security 
programs. 

Definition  and  Purpose  of  OPSEC.  OPSEC  is  a 
program  that  surveys  and  identifies  items  of  information 
and  physical  security  that  are  of  intelligence  value  to  an 
enemy.  Items  of  information  include  unclassified  small  bits 
of  inlbrmation  that  lend  themselves  to  revealing 
information  concerning  the  what  and  Iiow  of  actions  to  take 
place.  Breaks  in  regular  routines  and  new  routines  are 
examples.  The  types  of  information  that  should  be 
protected  are  subjects  such  as: 

•  Objective  of  the  mission, 

•  Location  of  operations. 

•  Date  and  time  of  the  actions. 

•  I  >  pes  and  number  of  forces  involved. 

•  Amounts  and  types  of  weapon  systems  and  equipment 
used. 

•  Limitations  of  resources. 

•  Method  of  employment  of  troops  and  equipnient. 

I  he  purpose  of  OPSEC  is  to  prevent  the  disclosure  of  all 
information,  including  bits  of  information,  that  contain 
intelligence  value,  which  can  be  used  by  the  ..nemy  to 
reduce  the  effectiveness  of  an  operation.  We  must  protect 
knowledge  of  our  plans  concerning  a  mission  so  that  our 
side  will  have  the  advantage  of  surprise. 

Relationship  of  OPSEC  to  Other  Security  Programs. 
Operations  security,  communication  security,  information 


security,  and  physical  security  are  closely  related  to  each 
other.  Each  of  these  four  programs  supports  the  others. 
However,  OPSEC  has  broader  applications  in  that  it  seeks 
to  protect  bits  of  unclassified  information  as  well  as  that 
which  is  classified.  It  makes  little  sense  to  protect  an 
operation  by  classifying  some  paits  of  it  or  to  expand 
COMSEC  resources  protecting  information  about  it  when 
unclassified  conversations,  stereotyped  procedures,  and 
other  readily  available  data  could  provide  an  cncm\  with 
the  intelligence  needed  to  predict  an  operation.  An  effective 
OPSEC  program  will  eliminate  or  control  many  of  the 
sources  of  intelligence. 

Exercises  (029): 
1.   What  does  OPSEC  do'.> 


List  three  types  of  information  that  should  be  protected 
under  the  OPSEC  concept. 


3,   What  is  th   main  dif.^'erencc  between  OPSEC  and  other 
security  programs? 


EKLC 


44 


030.  Identify  OPSEC  vulnerabilities  from  a  given  list  of 
situations. 

Common  OPSEC  Vulnerabilities.  The  following  is  a 
list  of  intelligence  indicators  that  may  give  insight  into  an 
opc»ation.  They  are  items  of  possible  intelligence  value  and 
are  operation  security  vulnerable.  In  one  sense,  vulnerable 
means  open  to  attack. 

a.  Stereotyped  sequence  of  events  comprising  various 
phases  k  f  the  operation. 

h.  Coordination  with  other  units  that  do  not  have  proper 
safeguards  for  sensitive  information. 

L\  Submission  of  unclassified  re^jorts  at  specific  intervals 
to  specific  units  of  conmiand. 

d.  Public  information  releases. 

e.  Posting  of  operational  plan  information  in  un secure 
areas. 

/.  Posting  of  rosicrs,  transpoitation  schedules,  and 
dining  hall  schedules  in  unsecure  areas. 

Distinctive  emblems  or  paint  on  vehicles,  buildings, 
or  aircraft, 

h.  Markings  on  supplies  that  could  reveal  the  location  or 
starting  date  of  the  operations,  such  as  nicknames,  delivery 
deadlines,  etc. 

i\  Logistics  buildup  or  positioning  of  support  materials 
and  facilities. 

7.  Special  briefings,  meetings,  or  religious  services. 

A.  The  use  of  nicknames  is  particularly  hazardous  since 
these  provide  an  easily  recognizable  flag  for  identification 
of  an  operation. 

/.  Hxercising  or  testing  portions  of  a  plan. 

m.  F^lain  language  communications  a.ssociated  with  a 
planned  operation  and  conducted  during  the  planning, 
preparatory,  and  execution  phases. 

n.  Use  of  unchanging  or  infrequently  changing  call  signs 
and/or  radiofrequencies, 

o.  Stereotyped  message  characteristics  that  are 
indicative  of  particular  types  of  militar>'  activity. 

/).  A  significant  increase  or  decrease  in  message  traffic 
volume. 

q.  Activities  of  new  c(^mmunications  facilities  in  support 
of  an  operations  plan. 

Operations  security  is  not  limited  to  major  combat 
operations  hut  is  important  for  any  operation,  including 
-{Hiacet i  1 1  le  ma  nc  u  ve  rs . 

Specific  Vulnerabilities.  In  your  Job  as  a  pest 
management  specialist,  you  probably  don't  feel  that  you 
will  have  any  information  or  be  exposed  10  situations  that 
would  he  vulnerable  to  OPSEC  violations.  Granted  your  job 
is  not  one  that  will  continually  expose  you  to  classified 
information  or  equipment:  however,  you  see  and  hear  much 
that  can  he  called  intelligence  indicators. 

Hicre  will  he  occasions  when  you  are  required  to  enter 
areas  that  have  classified  equipment  and  materials.  When  in 
these  areas,  you  niay  overhear  ci^nversations  pertaining  to 
this  uialeriaL  Whatever  you  hear  or  see,  whether  classified 
or  not,  could  be  of  intelligence  value  to  the  enemy.  If  you 


work  with  Prime  BEHF,  you  may  have  to  use  herbit.ides  to 
destroy  plant  growth  in  jungle  areas.  This  in^'ormation  may 
be  critical  for  a  planned  mission.  You  should  never  tell  a 
person  without  a  need  to  know  what  you  hear,  see,  or  do  on 
your job. 

Another  example  of  specific  vulnerability  is  the  location 
of  herbicides  and  pesticides.  Wouldn't  that  be  a  good  place 
for  enemy  infiltrators  to  strike?  They  could  durap  these 
poisonous  chemicals  into  the  water  supply.  This  is  a  way  to 
put  the  base  out  of  commission  without  firing  a  shot.  Loose 
talk  could  give  a  trained  agent  a  mental  blueprint  of  your 
shop  and  a  |X)ison-ladcn  water  supply  could  be  the  result. 

Knowing  the  exact  location  of  components  in  your  shop 
and  the  wateq">lant,  duty  schedules,  and  the  number  of 
personnel  on  duty  could  be  very  helpful  to  an  enemy.  Your 
job  is  extremely  important  and  vulnerable  so  practice 
keeping  your  mouth  closed  about  your  job,  particularly 
when  you  are  not  working. 


Exercises  (030): 

Place  an  *'X''  in  the  provided  space  for  each  of  the 
following  situations  that  may  result  in  a  compromise  of  the 
OPSEC  program. 

 1 .  A  friendly  stranger  is  very  curious  about  your  job. 


2.  While  working  in  a  restricted  area,  you: 


See  a  new  equipment  item  being  installed 
on  an  aircraft. 


b.    Overhear  Hight  crows  discussing  a  training 
program. 


c.    See    equipment    and    materials  being 
stockpiled. 


d.     Notice  an  increase  in  physical  security 
around  an  area. 


3.   You  are  assigned  duties  on  a  missile  site. 


Answers  for  Exercises 


CHAPTER  I 

RtTcrence: 

(H)l  -  I.    You  should  have  placed  a  checkmark  beside  (2).  (3).  (5).  (6). 
(7).(9).(l()).(and(12. 


(H)2  -  I 


(MM 
(H)4 

(HKS 
(M)5 
(H)5 


005 

OOS 
1)0(1 


-  t. 


(1)  Meehanical. 

(2)  Saniiaiion. 

(3)  Resources  and  requircmenis. 

(4)  Ope  rations. 

(5)  Pavcnienis  and  Hinds. 

(6)  Civil  engineer, 

(7)  Industrial  cng  peering. 

(8)  Civil  engineer, 
(^))  Siniciures. 

(10)  SirihMurcs. 

I  n  a 
(2)  h 
(Mc 
(4) 
(5)d 

c  7 »  i: 
i.S»  h 
1 

<  10^  c 

Base  engineer  emergency  torce. 

Vou  should  have  placed  a  checkmark  beside  (I). 

and  (H). 

Arse  5521 1. 

Basic  Disease  Vector  Control  Course 


5. 
u 

7. 
I 


(3).  (5).  (6) 


007  -1. 

(2)  5. 

(3)  5. 

(4)  7. 

(5)  5.7. 

(6)  5. 

(7)  5. 
(S)5. 
(9)7. 

(10)  5. 

(11)  5. 
(i:i 7. 
( l.M 

(14)  7. 

(15)  5. 

(16)  > 

(17)  7. 
(IS) 5. 

008  -  I.    To  determine  the  ctteetivencss  ot  tormal  scliinils  and  Career 

Development  Courses. 
(X)8  -  2.    When  the  graduate  can't  meet  the  proficiency  rc.iuirenients  o! 

the  STS.  when  the  STS  lists  tasks  not  portormcd  m  that  AFS. 

and  when  the  STS  code  levels  are  toe  high. 
008  -  3.    Within  6  months. 

CHAPTER  2 


1 135. 


AESC  5>5255.  E-3.  E-4.  E-5. 
I..    AESC  55170.  E-5.  E-6.  E-7. 
c.    Al-Sr  56699.  E-7.  E-8.  E-9. 
Stmctural  Superintendent.  E-9. 
C*arpentr>'.  masonry,  metal  fabrication, 
plumbing. 

I;ngineering  assist  ;nt. 

(1)  i 

(2)  g. 

(3)  h. 
t4ul 
(5)  c. 
(f»»  d 
(*^)  I 
tS»  c. 
i^))  c. 

(  10)  h 
(II) a. 

(i:)k. 

(13)  j. 

(14)  k 

(15)  ). 


protective  coating,  and 


009 

I. 

False.  It  is  the  production  control  center- 

009 

True  . 

009 

3. 

False.  Work  requiremenf    are  identified  on  AF 

BCE  Real  Property  Maintenance  Request. 

009 

4. 

False.  It  is  called  recurring  work. 

009 

5. 

False.  They  are  reported  by  the  shop  supervisor  ; 

by  the  section  superintendent. 

009 

6. 

True. 

009 

7. 

False  The  worker  docs  not  report  materials  used. 

009 

8. 

True. 

009 

9. 

True- 

010 

I. 

1 135. 

010 

2 

332. 

OK) 

3. 

332. 

010 

4 

1  135. 

010 

S. 

332 

010 

(^. 

F.     I-  l-orm  1  1  ^5 

010 

7. 

1  . 

010 

8. 

r.  limcrgeiiLV  work  also. 

010 

9. 

T. 

010 

10. 

T. 

01  1 

1 . 

187^>. 

01  1 

T 

121^. 

01  I 

3. 

1879. 

on 

4. 

327 

01  I 

5. 

12h> 

01  1 

6 

327. 
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TO: 

BASE  COMMANDER 
BASE  CIVIL  ENGINEER 
In  Turn 

FROM:   (Bat*:  A<1(irv$.  tnctud*'  BUlg  Qtrt   .Vo  j 

OATC  CKRVICC 
COMPLCTCO 

•cRvicc  ncoucsTco 

OUTY  StCTlOM  or  WORKER 

L  Your  Ji/TH    Se^^^i  OH  ) 

WORKCR'S  CICNATURi: 

(Ycur  ncfn%^y 

QUALITY  CONTROL  EVALUATION 


JOtt  OROCR/WORK  OROCR  NUMVCR 


77)11  ^u9%ininno\r€  IB  drBfgnrd  to  tmprovr  Ch'i/  Lnt*nccring  $eri'icr  to  vuu    Antwvr  all  q  ur$(n.*n$  > 


•'Lice  in  boie  tit$l nbuttOn 


MASC  CIVIL  CNCINCCR  PC  RSO  NN  C  I-  W  C  R  C  COURTEOUS 


■tASC  CIVIL.  CNCINCCR  RCSPONSK  WAS  TlMKUV. 


1      RCCCIVCO  AOCOU  ATE  NOTIFICATION  AS  TO  WHKH  THE  WO  RKKR  WOUL.O  ARRI  v  C     (If  apptiCabUt 


YES 


NO 


WORKER  UTIL.IXKO  TIME  EmCtKNTLV. 


JO*  WAS  COMrLETEO. 


•  ■  IF  NOT.  WCRK  VOU  CIVEN  AN  KmTIMATKO  COMFUETION  OATE  FOR  THl£  JOMT 
7.    WORK  WAS  PERFORMKO  S  AT  t  Sr  A  CTO  R  i  i.  V  .  

•  JOMSiTCWASCLEANEOUP  after  COMrUETlON. 


CUSTOMER'S  SIGNATURE 


^  — .      FORM  — _ 

AF  NOV  7«  1255 


PREVIOUS  COITIOM  WIL.L.  MS  USED. 

figure  A- 1 .  Objccli\c  ni  2.  oxorciso  I . 


ni.^  -  I. 

i2)  1 
{})  > 
(-4)  1. 

'*n  -         ^■l)ut  vOinpk'lcJ  .M    li>iiu  SctI.  I\ijt  1  i;nlv.  should  look  like 

.his 


BASE  CIVIL  ENGINEER  WEEKLY  WORK  SCHEDULE  (  PART  I  )  I         ^ [  COST  CENTER  I  APPROVED  | 


LIKE 
NO 

DESCRIPTION 
A 

LAIOI 

UTIL. 
CODC 

iiuci 
B 

HAN/ 

MOM 

TUtS 

«CD 

THU 

SAT 

SUM 

HiS. 
C 

SCHIt 

ICHII 

ICMll 

tcm* 

scnii 

scnio 

AC1 

scnii 

1 

ASSIGNED 

2 

BORROWED 

38 

HO 

? 

J? 

y 

3 

OVERTIME 

4 

TOTAL  AVAILABLE  ti>iai «(  rmi  t  J.ttil ) 

SUPERVISION 

31 

7n 

V 

6 

TRAINING 

32 

7 

LEAVE 

33 

fi- 

S 

ALL  OTHER 

34 

9 

LOANED  LABOR 

39 

10 

TOTAL  INDIRECT  iitm  n  ri«i  %  ttoMii  1 1 

3VV 

a 

4 

4 

11 

AVAILABLE  FOR  WORK  IRm  4  mi  ri»  m 

X7b 

sx 

I 
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014  -  I.  To  provide  a  uniform  reporting  system  and  lo  iilenlity  direct 
labor  eost  against  work  orders. 

2.  ATA  and  ETA. 

3.  AF  Fonn  1734. 

4  Handprinted  on  AF  Form  1734  below  the  first  group  of  names. 

1.  BCE. 

2 .  The  director  of  base  medical  services 
■  3 .  The  major  command . 

-  4.  They  must  be  currently  licensed  and  certified  personnel. 

-  5.  Certified  Air  Force  personnel. 

-  6,  Environment, 


014  - 
014  - 

014  - 

015  - 
015  - 
015  ' 
015  - 
015  - 

015  - 

016  - 
016  - 
016  - 
016  ■ 
016  • 
016 
(M6 
016 
016 
016 
016 

ni6 

017 
017 


1. 
2. 
3. 
4, 
5. 
6. 
7. 
8. 

9.  c, 

10.  b. 

11.  f. 

12.  d. 


c. 
a. 
e. 
d. 
d. 


-  1 


OIH  -  1. 


OIK 


-  3. 


OIH 


Ol^J  -  1 
019  -  2. 
019  -  3. 
019  -  4. 
t)I9 

019  -  6 
019 

01*)  s 

(PO  -  I 

0:0  -  2 


020 


021  -  I 

021  -  2 

021  -  3 

021  -  4 


For  temporary  custody  of  an  item. 
24  hours. 

To  make  a  visual  check  lo  see  if  property  listed  on  paper  is 
actually  there. 

Obeying  a  .set  of  rules  necessary  to  conserve  and  protect  Air 
I  'orce  equipment  and  supplies, 

( 1 )  AF  equipment  must  be  operational. 

(2)  Adequate  supplies  in  good  condition  must  be  on  hand, 

(3)  Use   equipment   and   supplies   only   for   their  intended 
purposes. 

(4)  Safeguard  equipment  and  supplies. 

(5)  Keep  accurate  records, 
a.  4. 

b  3 

c.  \ 

d.  1  and  2 


It\  the  table  of  allowances. 

X 

X. 

X. 

X 

X 

I  "As  do  this. 

The  back  of  the  form  and  AFR  67-23. 

Any  two  of  the  following  apply:  to  increase  or  decrease 

equipment  authorization,  to  order  new  equipment  items,  or  to 

turn  in  or  replace  old  equipment. 

Nomenclature,  unit  of  issue,  and  the  number  ordered. 

It's  used  by  the  planning  section  lo  order  materials  needed  to 

complete  work  orders. 

Materiel  control. 
ThcNSN. 

The  itc'ii  was  n:ade  in  Turkey. 

Tool  kit,  general  mechanic^.  5180-00-177-7033. 


022 
022 
022 
022 


023  • 

023  ■ 

023 

023 

023 

023 

023 

023 

023 

023 


2 
3. 
4. 


3. 
4. 
5. 
6. 
7. 
8, 
9. 
10 


AFK  r>-l. 

National  Hnvironn^ental  Policy  Act. 

HQ  IsSAF,  each  major  comnuind,  and  each  base. 

.■\ir  Force  policy  is  to  comply  with  the  nature  and  spirit  i*f 

national  policy  and  suppori  and  assist  Federal,  State,  and  local 

agencies  in  preventive  polliition  control. 


024  -  I . 
024  -  2. 
024  -  3. 
024  -  4. 

024  -  5. 

025  -  I . 

025  -  2. 
025  -  3. 
025  -  4. 

025  -  5. 

026  -  I  - 
026  -  2. 
026  -  3. 
026  -  4. 
026  -  5- 
026  -  6. 

027-1. 


027  -  2. 

027  -  3. 

028  -  1 . 


028  -  2. 

029  -  1 . 
029  -  2. 

029  -  3. 

030  -  I . 


Buy  rcturnahU-  '^ottles. 
Don't  buv  unru'cesNarv  electrical  devices. 


False 
False 
Tnie. 
True. 
True. 
Tnie. 
True. 

False,  Dark  walls  absorb  light. 
False.  A  small  engme  uses  less  fuel 
True. 


CHAPTER  3 


b. 
d. 
c. 


It  states  policies,  responsibilities,  and  procedures  for  pest 
management  at  AF  installations 
A  telephone  maintenance  truck. 

All  personnel  engaged  in  n>ixing  a.    applying  pesticides. 
When  ground  pest  management  measures  fail,  are  not  practical, 
or  not  possible. 
AFR  91-22. 

Mobile  Airfield  Marking  Team. 

Military  Entomology  Operational  Handbook. 

Maintenance  and  Repair  of  Roofs, 

AFM  91-19. 

AFR  91-30. 

AFR  91-38. 

a.  Average  Training  Cost  Per  Graduate. 

b.  BCE  Job  Order  Log. 

c.  Small  Arms  Hand  Receipt. 

d.  AF  Form  614. 

e.  Al*  Form  640. 

f.  AFR  123-2. 
May  1976, 
AFR  I2.V2, 

Short  title  and  dale  of  the  form  needed,  unit  of  requisition,  how 
many  you  normally  use  each  month,  hi^w  many  arc  on  ha'.d, 
and  how  many  \ou  svanl  to  requisition. 

a.  July  79  is  written  in  the  same  blocv  «s  AF  Form  646. 

b.  Place  the  number  4  unuer  REQUISITION. 

It  is  used  to  survey  and  identify  items  of  information  and 
physical  security  that  are  of  intelligence  value  to  the  enemy. 
Any  three  i»f  the  lollowing  apply;  mission  objcclives.  kKation 
of  operations,  date  and  time  ol'  the  actions,  ;ind  types  and 
numbers  of  forces  involved. 

OPSEC  has  broader  applications  in  that  it  seeks  to  protect  bits 
of  unclassified  information  as  well  as  that  which  is  classified. 


All  spaces  should  be  marked  with  an  X 
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BEST  COPY  AVAILABLE 


l  <>  »'  I    M ATC  H  ANSWKR  SHKK  I  I  C)  I  HIS  tXKRC  ISK  MMBl  R. 

2.  I  SK  Nl  MBKR  2  FKNC  II-  ONLY. 

KM  KNSION  COURSKINS  rm  ri: 
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56650  01  27 

INTRODl'C HON  TO  CI\  IL  ENCHNKKRINC; 
i  ;in*riill>  rc;td  Uu*  following: 

no\ 

I     (  iic*.  k  ilu-   'ctuirsc.'*  "vplumc.  ■  anJ  "Uirin*   nunihcrs  iroiii  thr  answer  sheet  address  tab  against  the 
■\  Kl  answe  r  sheet  uleniiliealio!!  luiniber*'  in  the  righlhand  eolunin  cit  the  shipping  list.  It' numbers  do 

n.ti  ni.iteh.  leliwn  the  answer  sheet  and  the  shipping  hsl  In  HC!  inimediatcly  with  a  note  ot'explanalion. 

\oie  thai  Item  numbers  on  answer  slieet  are  sequential  in  eaeh  eolunm. 
•     \  se  .1  MKihuni  sharp  #2  blaek  lead  peneil  for  marking  answer  sheet. 

}  Wniv  ihe  i.i)neei  ar^.v.er  in  the  margin  at  the  left  of  the  item.  (When  review  for  the  course 
(.A.uHin.itjon.  >pu  ean  eover  y(fitr  answers  with  a  strip  of  paper  and  then  eheek  y^uir  review  answers 
.iL-ainsi  \tnn  «>iiL-mal  elioiees . )  After  you  are  sure  of  your  answers,  transfer  them  to  the  answer  sheet.  If 
\oii  lo  eiiange  an  answer  on  the  answer  sheet,  he  sure  that  the  eiasurc  is  enmpletc.  Use  a  elcan 

^  i  .isei   lUn  II  \  lo  avoid  aii\  erasure  on  the  answ  er  sheet  if  at  all  pos>ihk  . 
laki"  .K  lion  lo  letuin  enlne  answ er  slieei  to  HC'I. 
<^     Ki-ep  \  oUnne  Uexieu  1  Aeieisc  booklet  for  review  arid  reference. 

W  t>!,;tuLitinil\  eniolled  siudenl,  process  questions  or  coniinents  through  your  unit  trainer  or  OJT 
siip^MN  !N, M   II  w  'Infill nil y  enrolled  student,  send  questions  or  conimenTs  to  HCI  on  b.C\  Form  17. 
/H>\  '/  s: 

I     lion  i  tiNc' answer  sheets  other  than  one  furnished  speeificall\  for  eaeh  review  exercise. 

I  \  .n  I  Ptaik  m\  the  answer  sheet  except  to  fill  in  marking  blocks.  iOouble  marks  or  excessive  markings 

u  hu  h  «t\  ei  How  marking  blocks  w  ill  register  as  errors. 

I  )4»n"i  loUI.  spnullc.  staple,  tape,  or  mutilate  the  answer  sheet. 
1     I  i.Mi'i  II V,-  mk  in  any  marking  other  than  a  #2  black  lead  pencil. 

\r>/7  \l  MUI  RI  D  LKARNINC;  OHJKC  FIVE  REI  LRKNC  KS  ARK  I  SKI)  ON  THE  VOLUME 
Ui:\  II'.W  I'iXERC'ISE.  In  par<MUliesis  after  each  item  number  on  the  VRK  is  the  Lc(trnin\> 
i  Xnfuhcr  where  the  answer  to  thlit  item  can  b^  located  When  answering  the  items  on  the 

\  Kl  .  iclei  to  the  i.ciirnifii>  Oh/cctivi  w  indicated  by  these  Nutuhcrs.  The  VRK  results  will  be  sent  to 
\.Mi  on  a  pi^stcaid  wiiich  will  list  the  iUtual  \R\\  itnns  \nn  Dnwcd.  (ui  to  the  VRH  booklet  and 
I.N  .He  Ihe  /  <  itniifii:  (^hja  tivc  Nunihcrs  for  the  items  niisscil  Go  to  the  text  and  carefully  review  the 
-lu.is  vov.MCii  In  liiesc  references.  Review  the  entire  again  before  you  lake  the  closed-book 

(  •  nn  sk.-  I ■  \  jmm.ii  ion. 
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MULTiPi.i:  cuoici: 

\. •         ni    (  iMisuler  all  choices  caicli»ll\  aiul  select  the  Ih'M  answer  i-  eacli  question . 

I     (1H)M  In  c;in\ini:  out  its  ]5i-iniar\  mission*  what  activities  are  perlornied  by  the  Base  Civil  Hngin^er  (BCli) 
lei^aidini:  real  estate  property  ? 

a  \ei|aisiiion.  consiruction,  anvl  CiHitn^Iling. 

h  \ei|uisinon.  construction,  and  maintenance. 

i  C  onstrucnon.  niainlenance.  and  controlling, 
il  (  "oiisiiiK  lion,  niainlenance.  and  utilization. 

^    »IK) I )  Which  *>t  these  Umetions  is  mn  a  responsibility  oi  civil  engineering? 

a  liu\  Liiul  lo  huiki  nii!itar\  laiiiiK  liousiiig. 

1-  C  oiisiivKi  ami  nuimlain  pavements, 

c  l'io\  tile  elect!  icit\  loihelnise. 

d  (  update  viming  hal Is . 

^  Which  ol  the  lollowing  sections  is  next  in  the  chain  oT command  aUne  pest  management? 

a    Operaiions.  c.  Structures. 

h     S.iintatu>ii  d.    tnviriinmental  support. 

»     (0(1' I  In  the  C     sirucluie.  which  command  block  is  rcspvinsible  to  the  BCH  for  all  the  CH  shops? 

.1     Uesourccs  anil  icijuirements .  c.    Squadnui  section . 

h     hidiistnal  engineering.  vl.  Operations. 

>    nun  I  Which  i»l  the  lollowing  correctly  depicts  the  1  unet  urns  ot  the  tiperatiims  sectitin? 

a     Dnccl.  cooiilmiite  ami  control  all  cost  aeciiuniing  and  real  estate  activ  ities. 

Duvi  t,  coordinate,  and  eontrid  all  work  authorized  to  be  done  b\  the  CH  wt)rk  tviree, 

(  ariA  on  an  iuilustrial  engineering  and  financial  management  activuies. 
A     Snpeivise  all  actions  aiul  programs  of  the  engineering  and  environmental  planning  sectiiin. 

'«    in(j;i  Which  section  wtnikl  yon  coniact  lor  inlurmalion  regardini:  long-range  work  plans  and  approving  work 
t  V  t |Ui"a  s  * 

.1     S\  siems  management.  c.    industrial  engineering, 

h    Ucsouices  ami  requirements.  d.    Financial  management. 

ii KM  I  W  hu  h  ot  ihe  lollow  ing  activ  ities  giv  es  Ch  the  abiiitv  tvi  pro .  ide  direct  ct^mbat  support  to  the  AF  mission  ? 

a     Kl  l)  I  K  ikSI..  c.    Industrial  engineering. 

l>     IMime  HI  i-.l'.  d.    Readiness  and  logistics. 

N    UMi^t  \i  whai  i^iaile  can  you  expect  to  become  a  pest  management  specialist  * 

I  1  c.  i:-.v 

()     I  il.  l':-4. 

ii  H  wo  \\  hii  h  section  vv  oukl  you  coniact  to  plaster  holes  m  huikhngs  as  a  melhoil  o\  rodent  contri>I? 

.1    (  ;iipenii>  section  c.    Pest  management  section . 

h    Masomv  section.  il.    Metal  fabricating  seetiim . 
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|n    «n<i  /i  liK  niil\  \]k  ilitts       vsliuh  llic  pes!  iiiiirui^ciiKMii  spt'<.  i^list  is       n  sponsihli-  ' 


.1  (  •Multuiini'  pest  inanaiicnicnl  shiacns. 
1^     Maiiiiaiiiir.i:  pcsticulc  use  leeonls. 


i  Mainlanmii:  tooK  aiul  c«.|iii jitiKiit . 
d     M  ikmi:  \\<>ik  assiLMiiiuMits 


I  I 


n)n*»  Which  ol  the  (ollvnsini:  is  a  pcsi  nianagenicnt  spcciahst  responsible  tor.  as  eoinpared  to  a  pesi 
iiMiiarenienl  leehnieian".' 

a  MaiiUannni:  pesticide  use  records, 

b  Sol\ini:  complex  pest  nianai:einent  problems. 

V  Maintaining  recorils  to  aeconni  lor  costs, 

d  (  \>iidiictini  OJ  l 


i(H)Si  A  supervisor  tuns/  coniplcie  and  submit  an  W'  F"orm  12S4.  TraininL;  Qualitv  Report,  for  all  oi  the::*; 
NMiiaiii  iis      t  f^r  \s  hen 

a  ihc  .uiaduate  doesn't  pertorni  all  the  tasks  listed  in  Al-k  ^^)'  1  lor  his. her  .\FS(  . 

I>  ihe  ijradiiale  is  nol  required  to  perrorm  tasks  listed  m  the  S'!\S. 

t  a  siiideiu  doesn*!  meet  !he  proliciency  level  specilied  lor  a  la^k  or  knowiedye  listed  in  the  S  IS. 

d  the  S  I  S  code  levels  or  tasks  exceed  the  requirements  ot  the  eradiiate's  AFSC\ 

MMMM  Winch  i)!  the  lollowinii  includes  C\'.  personnel  such  as  superintendents  and  controllers,  and  acts  as  a  nerve 
V  cntei  lot  (.  P.  act rvil ies 


a     InsciAii^c  vsoik  plan  section. 

h    Rcsoau  cN  aiul  r<.  ijuiremenis  section. 


c.  l^roduction  cori!rol  center. 

d.  C"ustomer  service  unit 


i  i 


Ihe  slioji  siipciAisot  uses  .*\F  I^orm  1  S4  I  .  Mainicnance  Action  Sheet,  to  report  requirements  lor  which 
t\pct.|  work  to  the  supei mtendeni 


a  l\c<.  iii rin^:  u ork . 
b     I  iistM  \  KA-  \\  ork 


c.  HmeriicncN  aiu!  uriient  job  orders. 

d.  Work  indicated  bv  lacilit\  siir\  evs. 


i(Mi«M  \\  Kiiin  (  p.,  the  l^ase  Iin»:mcer  Automated  Manaiicmeni  S>sicni  (HFAMS)  is  used  to 


.1  atittimalc  wtMk  plamiinjj  methods, 
b    pii»c<.'ss   i\  il  eniiineerinu  records 


c.  evaluate  personnel  assiiinments. 

d.  de\elo[i  the  insciA  Ice  work  plan. 


mH()>  \\  liK  h  t>l  these  lorms  \m>  ,.1     )ii  complete  to  request  woik 


.1      \l  1  onns  ^n:7  and 
f>      \l  1  onus        and  I  I 


c.  Al-  Torms  ^;^2  and  1S4^). 

d.  Al-  l-orms  .^27  and  1S7M, 


iMjni  \\  in, Il  Kind  o|  work  would  be  requested  on  Al-fi).in  1135.  HC*I !  Ueall^ropertv  Maintenance  Request? 


1  Ut mu me  !V|ia!r  necils. 
I'     i  I  I'cnt  u  pau  needs. 


c.  |-jiicrycnc\  repair  neciis. 

d.  An\  oi  the  abo\  e. 


IN     (rtlni  \\  hen  In  a  shop -re!  erred  ser\  ice  call  iised'.^ 

a  1  n  .dmost  alKMiiei iiencN  situations. 

l»  \\  Ik  n  n«»  special  equipments  Is  required. 

\  W  lien  work  wouKI  take  more  than  an  hour, 

d  \\  hen  ibc  wink  is  beyond  the  DIN  capabilit\ 
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I'>    UM  I  )  W'IikI)  nl  ihcsc  iornis  is  iiscil  lo  aiilhori/c  uork  which  docs  ntH  require  delailed  planning  or  special 


A  \\  1  mm  ^:7.  \M  \  Wovk  Order, 

li  \l  l  oiin  %^:.IU*I  WoikRoquesl 

^  \l  l  onn  I  l.V*^.  IH'I.  Real  Properi\  Nhiinlcnanee  Rec|iiesl. 

d  \l  I  onu  I  S7^),  HCM:  Job  Order  Record. 

(Oil)  \\  liK  li  111  Ihese  tonns  is  used  lo  aulhori/.e  aeconiplishinii  se\cral  small  jobs  in  hiiili-use  tacilities.* 

A  \l  l  orm  I  S7^),  lu  r:  loh  ()rd».-r  Record. 

b  \l  I  iirni  I         IU  'I-  Mulli-C'ran  Joh  Order. 

.  \1  I  orni  ^:7.  lU  h:  Work  Order, 

d  \l  !  nrm  ^.^2.  UOh:  Work  Request. 

I  \\  hich      the  lollowmLi  is a  purpose  ol  .Al*  l  oini  12^>.'>.  Quality  Control  Kvaluatii^n  / 

A  V  ustomer  relations, 

h  liupi^  sc  ss oi  kei*  proiliicti\ it\ . 

I-  \ii>ii\ale  lunely  and  qualit>  service  lo  BCK  customers . 

d  lik  ieasc  management  paiticij^alion  in  setting  shop  stanvlarils. 

«n|   >  \\  Inch  oi  these  entries  is  lu^r  made  b\  the  worker  on  AF  Form  123>.  Q'^'ulity  C\>ntrol  aiuation 

,1     I  )t'scr:ptu>n  ol  ser\  ice  requested.  c.    How  worker  utilized  time, 

h    W  tM  kei  s  duty  section .  d.   Job  or  work  order  number. 

'  >     ((M  >»  \\  lu^^h  ol  these  loinis  is  u^ed  to  schedule  work  on  a  weekly  basis? 

.1  nn  l  ornjSf^i.  AF'l-orni36L 
b     nni  oitu  |S(i  d.    AFForm  136. 

'1     (Oil)  \\  hi».h  ol  ihesc  lonns  is  used  lo  lecord  labor-hours  expended  daily  by  Actual  lime  Accounting  (A  ^A)^* 

A     \l  lonn^(W.  c,    .'\F  Form  1842. 

b     \1  Form  17.^4.  d     AF  l  orm  1S7S>. 

.ol  It  ||«.\\  1    .1  pi'iMMi*.  inni-  put  iMi  an  A!  Form  I7v|  IXnh  Work  .Sib/dulc.  w  hen  his  her  nanu*  w  fh'! 

(  -I  I  Ml  '  . '  •  Ml  ll ).     I  <  M  Ml  ' 

A     I'lMUih.   \A      .)n  the  ii out  oT  the  lorm . 
'  .  ;ni .   I  I       >n  t)ic  back  ol  the  lorm. 
shtiw  n  .igamst  a  person  on  lea\e. 
i!     Mi«iw  It  .igainst  indirect  laboi . 

'<     mH^i  \  rea^nii  tlial  wouki  justity  a  pesi  management  contract  is  that 

A     II  IS  the  IU  F's  preleience. 

h    die  ba^e  has  a  minor  pest  problem. 

die  l>a^v*  is  too  small  to  justilN  manning  the  AFSC 
d     dk  le  IS    liK-k  ot  jnicresi  in  pes|  tnanagement  at  the  lacility. 

(lU     \\  hen  >«Mi  nionitora  pest  management  contractor,  \  ou  shouki  eiisure  all  ot  the  tollow  ing  except 


I'  «e  o!  eei  t  d  led  w  orkers, 
h    ti  .e  k>l  approved  etiuipment 


c.  compliance  with  satety  standards. 
k\.    use  ot  F^PA-reeistered  chemicals. 


4 
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(ni<>i  \\  hill  IS  I  he  supci\is()i*s  rcsponsihilily  [or  Air  Hurcc  cquipmenl  and  malcrial".^ 

.1     (  )nl\  niaUM  ials  ni  lits  her  imii 

1^      \n\iluiii*  iioi  siiimd  U>i  h\  soniehodv  else 

Ml  ev(uipnu  iit  mulei  nianai^einenrs  ennirol 
d     IV'tsniiMi  l  iiulnL  li  nuihi»n  ui  suppK  discipline 

'i  \\  hen  \».u  issue  lualeiial  nn  .\\  l  iMin  12^>7.  rempv>i.ti\  Nsiie  Reeeipi.  uhal  is  ihe  normal  liine  period  loi 

IsslU  ' 

.1     J  '  houl  N  e     >  iia\  s 

h     ;ihouis  d  30da\s 

mMs>  II  a  heihieide  applualioii  )oh  isn'i  ^ompleled  due  lo  ;i  broken  hose,  \sha(  suppK  discipline  rule  is  violaled; 

a  Keep  a^kxiuale  supplies  on  IkukI. 

h  I  s,,' pnieiii  Km  intended  purposes 

t  Mak*.- su!e  equipineiU  is  operalional. 

d  Sak\uua!d  CLjuipnieni  uikI  sujiplics. 

<n|Si  Wliieh  lule  ol  supplx  diseipline  is  \iolaled  il  ;i  siiop  sii[iervisoi  does  n<n  keep  up  wiili  the  ainoum  ol 

pi'Slli  idi  s  Us.  d  ' 

.1  1  SI-  supplies  lo!  inieiKled  puiposcs. 

h  Sale!:uatd  supplies  ;i!id  eijuipinenl 

V  Kei'p  avlequaie  supplies  on  hand, 

d  Kv  cp  at  cui  ale  re^Dids. 

1 1 1 1  '>  I  \\  h.ii  is  ihe  purpose  ol  Ihe  Table  ol  Allow  anee  i  1  A )'! 

.»  I'u  si  1  iIh  s  tienis  and  their  nunibeis  a  unit  eati  h;i\e. 

b  ^pci  ilics  die  number  oT pei  sonnel  auiiiori/ed. 

^  1*1  es^  tibes  the  eosi  i>l  au'hoi  i/ed  \  ehieles. 

vl  Spei  ilu  s  die  jinoum  ol  lieneii  sioek  requireil. 


"M  "'  W  IkiI  publication  is  used  in  eonjunelioii  with  Tables  ol  Allouanees  i  TAsi/ 

.1     Slock  caialoi:.  e.    Master  bAjuipment  Mana^iiement  Index. 

SuppK  ejialoLV  d.    Nhister  Personnel  and  liquipnient  Index. 

>'>'Oi  Wlu-n  pi.ktUL'  up  materials  i>rdered  on  AF-  I  orm  1445.  MalenaK  and  hquipment  last,  you  should  cheek 
ill  < 't  tlu-  l»»lli '\\  inij  i  \ri  f){  the 

.1     n.  Miu  iu  laiuic  ol  the  malcnals  e     jniichase  tundinp  code, 

h     iiuii  >)i  i--ue  lor  c.K  h  Item.  tl.    iiiimhcr  onieied . 

•    M  I  \\  nliiii  die  oi  LMni/aiioiial  siiuciure.  uhat  seciuMi  handles  suppl\  problems  tor  C'l:'.' 

a     M.iieiKil  vontiol.  e     H("|-.  sM|ipl\  . 

l^ivc  vuppb  d.    Work  coriiri>l. 

M  I  II  \  iui  necil  an  CLiiiipment  item  but  idimat  locate  a  Mock  number  tor  il,  what  slum  Id  vou  do? 

I     I  o«.k  loi  .1  subsiiiuie  CLjuipment  item  lor  which  yt>u  have  a  stock  number 
b     (  .ill  .lUMiI.er  pest  nianaiicment  shop  to  see  il"  lbe\  ha\e  ii 

(  oni.u  i  maieiMl  control  and  requ«:si  their  help, 
il     UeU  i  |. '  h  ise  supi^ly 
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l>     Ivivsv  d  lH^)l'S.\l 

i(»  *  '  •  \\  liK  h  \ii  r»>uA'  jnililu  ;iihMi  (.lucis  .Xi  polhiliDii  pnlu  \  * 

.1  \l  K  1  'J  ^  .  Al  K  1 

b  \l  K  1  I  ,\  ATR  Wl-1 

.1  I  "siiiv*  liMi)  lfc\*  sjasiiliiKV  I  ;:k  iim  show  k*i  N  insic.ui  ot  halhs. 

1^  riaiiinii:  Iuh*s.  sliml^s.  aiul  l:i:iss  li  Hmiuni:  Liiass,  lca\cs,  antl  irco  limbs. 

Ill   1 1  III  \\  liK  1»  \\  pc  ot  s(aiulai\l  }>iihlu  alion  \\  miUI  \  v>u  look  u>  I  iikI  Jc(aik'«.l  icchniqiics  on  ho\.  U^  pcriorni  a  joh 

a     K».\L!ulalii)n  .  Manual. 

l>     SuppK*nu*ii(  J  TanipiiK' 

(II '  I  I  \\  h,u  .lu-  iIk*  j^nmaiA  ailim r.is(r.iii\ c  ilir\*ci?\  >.'s  v:o\ v.*:  m iii:  W  a<li\  ilics  * 

.1  lal  ii>ns  c.  Manuals 

b     r.in.phUMs  li  SuppikMiKMils. 

H I     «  \\  Ikmv*  w  *>u!J  \  ou  rnu!  iIk*  I  imk  I  umw>1  a  iCLiiilalum  lisii^  d  / 

.1     In  Niimciical  Inilcx  ol  Slaiulari.!  mkI  Rc^uvwu^j  An  I  imxl  !\ihlK*anon. 

i'     In  \t  U  O  W.  Nnini.*ru  al  Imlcx  i>l  nc[ianiiiLMUai  I'oiins 

ilu  K'uulalioiis' iiik- 
*i     liiinu  vh.nrl\  tollow  inu  ihc  lahlc  ol  coniL'nis. 

*ii       \\  liai  IS  the  uMjulaiuMi  nunilHT  nl  ihc  NunicriLal  ImiIla  i>l  S'.andaru  and  Kccun  inii  Air  F\in:c  Puhiications/ 
.1     \1  K  o  :  ,  .    APR  o-s 

: "  'f' t  W  Hk  li  K  i:nlal:on  iiuk'\  shonkl  >  ou  icier  liMt  \  on  n*.*cd  lo  know  [\w  lilU*  i>l  AFR  I    I  l  '.' 

.1     \l  U  (I  ^»  0      M  R  0-1 

I'     \1  U  i)  7  d     AI  R  (1-2 

t "  '   '  \\  In.  h  hiik-  \  \\  t>nkl  \  i>n  nsc  lo  del  ermine  I  lie  pres^i  ihim:  ui:  eeli\  e  I  ;m  Al-  lorm  (i5()  / 

.1     \l  U  u  M  ,\1  R  0  4 

1'     \l  R  n  ti.    M  R  (»- 1 

i;  Vs  .  W  liK  h  i\  p^  oi  enn  \  is  appropriate  \\n'  eiUernii:  i>n  :\\-  l  oi  m  7  4f^>a.  RecpnsiiuMi  and  Ret miicnicni  Rec|iiev' 
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Preface 


THIS  SECOND  volume  of  CDC  56650  was  written  to  give  you  knowledge  on  these  subjects:  introduction  to 
entomology;  pest  management  planning  and  coordination;  and  safety,  protective  equipment,  and  first  aid. 
To  become  certified  as  a  pest  management  specialist,  you  must  know  these  subjects  as  well  as  those  you'll 
cover  in  later  volumes. 

In  Chapter  1,  you'll  learn  about  several  aspects  of  pest  biology;  such  as  pest  taxonomy  (how  pests  are 
classified),  morphology  (their  form  and  structure),  and  physiology  (their  internal  functions). 

Chapter  2  will  discuss  several  general  aspects  of  pest  management;  such  as,  surveying,  collecting, 
identifying,  and  preserving  pests;  integrated  pest  management;  and  records  and  reports.  All  of  this  will  be  a 
foundation  on  which  you  can  build  a  more  complete  knowledge  as  you  progress  in  the  course. 

Chapter  3  will  give  you  information  on  how  to  protect  yourself— both  physically  and  legally  from  the 

dangers  inherent  with  your  position.  You'll  learn  about  Federal,  State,  and  local  statutes  and  their  impact  on 
your  work;  how  to  handle  pesticides  safely;  protective  equipment;  pesticide  poisoning  symptoms;  and 
finally,  first  aid. 

Appendix  A  is  bound  in  the  back  of  this  volume.  Use  it  as  the  text  directs. 
Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 
This  volume  is  rated  at  33  hours  (1 1  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  February  1984. 
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CHAPTER  1 


Introduction  to  Entomology 


PEOPLE  HAVE  BEEN  in  contact  with  differe»U  types  of 
insects  and  pests  during  the  human  race's  entire  existence. 
These  insects  and  pests  exceed  2  million  known  species, 
and  scientists  are  constantly  discovering  new  ones  during 
their  scientific  studies  and  explorations.  The  results  of  these 
studies  and  explorations  indicate  that  when  all  insects  are 
known,  their  number  will  exceed  7  million  species. 

Today,  as  we  frequently  come  in  contact  with  insects, 
most  of  us  look  upon  them  as  pests,  but  not  as  either 
harmful  or  beneficial.  We  seldom  stop  to  consider  the  many 
insect-borne  diseases  or  the  many  insect-produced  products 
on  the  market.  Do  you  know  that  honey,  silk,  lacquer,  and 
many  other  commercial  products  come  from  insects?  You 
may  not  like  the  thought,  but  some  insects  are  edible.  In 
contrast,  many  species  of  insects,  rodents,  and  related  pests 
seriously  affect  man.  They  affect  military  operations  by 
spreading  disease,  reducing  efficiency  of  personnel,  or 
destroying  property. 

You  might  ask,  **Why  do  people  know  so  much  about 
insects?*'  Well,  insects  have  pestered  people  so  long  that 
we  were  forced  to  study  their  habits  to  find  ways  to  control 
them.  The  knowledge  we  gained  soon  became  a  factor  in 
our  fight  for  health  and  survival.  To  adequately  control  an 
insect,  humans  need  to  know  its  characteristics  and 
breeding  habits.  So  began  the  study  that  is  known  as 
entomology. 

Entomology  is  the  science  that  deals  with  insects,  which 
make  up  the  majority  of  our  economic  pests.  These  insects 
and  pests  are  of  many  species  and  varieties  and  live 
practically  everywhere  except  on  the  open  sea.  They  live 
and  breed  in  most  of  the  materials  used  by  people:  soil, 
water,  and  air.  The  factors  determining  their  survival  are 
the  variations  of  climate  and  the  lack  or  surplus  of  food, 
water,  and  shelter;  however,  many  insects  can  adapt 
amazingly  to  change  in  environment. 

The  science  of  entomology  is  divided  into  two  major 
categories:  economic  and  medical.  The  economic  category 
has  been  subdivided  into  five  branches  which  group  insects 
according  to  their  destructive  activities.  The  medical 
category  (to  be  discussed  later)  establishes  the  insect-borne 
diseases  and  the  insects  responsible  for  them. 

For  the  present,  these  are  the  five  major  groups  of  the 
economic  category: 

(1)  Agricultural.  The  agricultural  branch  deals  with  the 
growing  of  field  and  truck  crops.  This  area  includes  many 
types  of  insecticides  which  cause  death  to  insects  from 
eating,  direct  contact,  or  breathing 

(2)  Horticultural.  This  branch  deals  with  the  wooded 
plants  which  are  attacked  by  insects. 


(3)  Veterinary.  Veterinary  entomology  is  closely 
associated  with  medical  entomology  and  deals  with  the 
control  of  insects  that  attack  domestic  animals.  This  branch 
is  divided  into  two  areas.  One  area  deals  with  insects  that 
infest  the  animal  internally,  and  the  other  deals  with  those 
that  bite,  sting,  or  otherwise  irritate  the  animal. 

(4)  Stored-product  pests.  This  field  is  concerned  with  the 
control  of  insects  that  attack  foodstuffs,  and  the  method  by 
which  the  food  may  be  guarded  and  the  insects  eradicated. 

(5)  Household  pests.  These  pests  are  the  same  as  the 
stored-product  group  and  can  be  controlled  by  the  same 
methods. 

in  addition  to  entomological  functions,  you  will  be 
concerned  with  activities  pertaining  to  botany  (the  science 
of  plants)  and  zoology  (the  science  that  deals  with  animals). 
Therefore,  this  CDC  will  give  vou  an  understanding  of  the 
fundamental  principles  and  procedures  involved  in  the 
identification,  control,  and  eradication  of  arthropod, 
vertebrate,  and  vegetative  pests.  In  this  chapter  we  discuss 
systematic  biology,  the  animal  kingdom,  orders  of  common 
insects,  and  the  arthropods. 

Remember,  you  will  be  working  with  apprentice  pest 
managers  and  other  specialists  and  technicians  to 
accomplish  the  functions  mentioned  above.  The  procedures 
used  for  a  job  to  be  done  are  established  by  the  civil 
engineer  or  your  supervisor  as  we  have  already  discussed. 

1  -1 .  Arthropod  Taxonomy 

It  is  impossible  to  determine  the  scientific  name  of  an 
insect  without  the  aid  of  an  orderly  arrangement  or 
classification  of  species. 

This  section  deals  with  the  procedures  in  which  the 
naming  of  living  organisms  occurred.  The  word 
''taxonomy'*  is  defined  simply  as  the  science  of 
classification. 

As  pest  managers  we  must  have  a  knowledge  of  the 
system  used  in  naming  or  classifying  living  organisms  and 
the  method  used  in  writing  and  recognizing  these  names. 
Believe  it  or  not,  at  one  time  there  was  no  recognized 
standard  system  of  classification.  Imagine  how  confusing 
this  must  have  been,  having  no  recognizable  name. 

200,  Deflne  systematic  biology  and  state  why  the 
binomial  system  of  nomenclature  evolved. 

Systematic  Biology.  Systematic  biology  is  the 
arrangement  of  living  things  into  groups  having  similar 
characteristics.    Our  discussion  here  should  help  you 
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understand  (1)  the  beginning  of  systematic  biology,  (2)  the 
binomial  system  of  nomenclature,  and  (3)  the  animal 
kingdom. 

Even  from  the  early  beginning,  people  have  attempted  to 
harness  nature  and  its  resources,  but  they  found  that  it  was 
only  through  the  knowledge  of  things  (animal  and  plant) 
that  people  could  satisfy  their  needs  and  subsist  in  their 
environment.  People  also  learned  that  once  the  identity  of  a 
living  thing  (plant  or  animal)  was  established,  they  could 
further  describe  it,  learn  more  about  it,  and  use  this 
knowledge  to  obtain  their  own  ends.  Animals  needed 
standardized  and  universally  accepted  names  so  people 
would  know  which  animal  they  were  talking  about.  The 
identity  of  the  animal  became  the  ke>  .o  all  knowledge 
pertaining  to  it. 

Because  of  the  large  numbers  of  living  things,  people 
discovered  it  was  impossible  to  identify  them  without  an 
orderly  system  of  classification;  therefore,  the  systematic 
biology  system  of  identification  and  £irrangement  began. 

In  350  BC,  Aristotle,  a  Greek  philosopher,  suggested  a 
classification  of  plants  and  animals.  This  was  accepted 
throughout  the  Middle  Ages.  In  the  first  attempts  to 
describe  and  relate  living  animals,  only  generalized  body 
structure  and  habits  were  considered.  With  increased 
knowledge  and  the  rapid  discovery  of  new  species,  a  better 
system  of  classification  was  evolved — the  binomial  system 
of  nomenclature. 

Exercises  (200): 

1 .   Define  systematic  biology. 


2.  The  manner  that   provides  an  orderly  system  of 
classification  is  called  what? 


3.  As  knowledge  increased  and  humans  discovered  new 
species,  what  system  evolved? 


you  must  know  what  two  names  arc  used,  the  method  by 
which  it  is  written,  and  how  it  can  be  recognized  in  other 
publications,  remembering  that  this  is  a  standard  procedure 
and  is  universally  recognized.  The  two  words  used,  genus 
and  species  (which  we  will  discuss  later  in  this  section), 
constitute  a  scientific  name.  When  the  scicntitlc  name  is 
written,  the  first  name  refers  to  the  genus  and  always  begins 
with  a  capital  letter.  The  second  name  refers  to  the  species 
and  begins  with  a  small  letter.  The  genus  usually  is  the  noun 
and  the  species  is  the  adjective,  which  is  a  common 
occurrence  in  Latin.  The  scientific  name  can  be  recognized 
in  publications  by  being  printed  in  italics,  with  the  first 
letter  of  the  genus  bemg  capitalized  and  the  first  letter  of  the 
species  being  a  small  letter.  When  the  scientific  name  is 
written  without  being  italicised,  both  names  are  underlined 
along  with  the  first  letter  of  the  genus  being  capitalized  and 
the  first  iCtter  of  the  species  being  a  small  letter,  so  as  to 
appear  in  this  manner:  Anopheles  quadriniaculatus. 

Although  it  is  very  important  to  know  what  constitutes  a 
scientific  name  and  how  to  recognize  it,  this  course  deals 
primarily  with  common  names. 

A  common  name  is  a  name  in  English  of  an  undefined 
number  of  words,  usually  descriptive  of  the  animal's 
structure,  coloring,  or  habits.  Common  American  arthropod 
pests  have  been  assigned  standardized  names  by  the 
American  Association  of  Economic  Entomologists;  these 
names  are  published  by  this  organization  for  interested 
persons. 

NOTE:  Most  arthropod  pests  and  vector  studies  in  this 
CDC  have  correct  and  standardized  common  names.  Only 
in  a  few  cases  will  you  be  responsible  for  their  scientific 
name,  for  example.  Anopheles.  Cule.x,  etc.  Colloquial 
names  (those  used  in  certain  areas  of  the  country)  are 
actually  considered  unsuitable  in  systematic  biology  and  (if 
seen  in  this  volume)  are  included  only  to  identify  types  of 
insects  that  you  have  seen  before.  These  colloquial  names, 
if  used,  will  be  enclosed  in  quotes  (**popping  bugs," 
**daddy  longlegs,"  **devil  horses,"  etc.). 

Exercises  (201): 
1 .   Define  binomial  system  of  nomenclature. 


201*  Define  the  binomial  system  of  nomenclature  and 
identify  the  genus  and  species  in  examples  provided* 

Binomial  System  of  Nomenclature.  The  binomial 
system  of  nomenclature  was  proposed  in  1758  by  Carl 
Vonlinne,  a  Swedish  naturalist,  when  he  published  the  first 
practical  and  extensive  book  on  animal  nomenclature.  It 
was  a  systematic  means  of  applying  two  names  to  an 
organism  and  became  the  foundation  of  modem  systematic 
biology.  This  publication  named  and  described  4379 
species  of  animals.  Our  present  system  of  nomenclature  is 
based  on  the  10th  edition  of  this  publication,  and  all 
scientific  names  listed  have  been  accepted  to  the  present 
day. 

Now  t.uit  you  know  the  term  ''binomial  system  of 
nomenclature"  means  applying  two  names  to  an  organism. 


2.   Identify  the  genus  in  the  following  example  by  circling 
the  appropriate  word.  Culex  irr items 


3.   Identify  the  species  in  the  following  example  by 
circling  the  appropriate  word.  Musca  domesdca 


4.   Combining   the   two    names,    genus   and  species, 
constitute  a  
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202.  Identify  the  classification  divisions  of  the  animal 
kingdom. 

Divisions  of  the  Animal  Kingdom.  All  living  things  are 
classified  according  to  their  sexually  mature  structure  and 
are  divided  into  the  plant  and  animal  kingdoms;  however, 
there  are  some  living  things  (viruses,  rickettsial  and 
spirochaetes)  which  cannot  be  assigned  definitely  to  either 
kingdom  and  are  recognized  as  members  of  the  undefined 
k'lgdom.  The  animal  kingdom  is  made  up  of  a  number  of 
major  divisions,  or  PHYLA  (singular.  PHYLUM).  The 
phylum  Chordata  contains  ail  the  animals  with  a  backbone*, 
including  humans  and  other  mammals,  birds,  reptiles,  and 
fish.  The  phylum  Arthropoda  contains  about  86  percent  of 
all  described  animal  species.  Members  of  this  phylum  have 
segmented  bodies,  jointed  appendages,  and  an  exoskeleton. 
The  arthropods  are  divided  into  CLASSES  including  class 
Hexapoda — insects;  class  Arachnida — ticks,  mites,  spiders, 
scorpions,  and  others;  class  Crustacae — crabs,  shrimp, 
copepods,  and  others;  class  Chilopoda — centipedes;  and 
class  Diplopoda — millipedes.  Each  class  is  comprised  of  a 
number  of  major  groupings  called  ORDERS,  such  as  the 
order  Diptera,  or  true  flies.  Each  order  is  made  up  of 
FAMILIES,  such  as  the  family  Culicidae,  or  mosquitoes. 
Each  family  has  one  or  more  GENERA,  such  as  the  genus 
Culex,  and  each  genus  has  one  or  more  SPECIES,  such  as. 
pipiens,  the  house  mosquito,  which  has  seveial 
SUBSPECIES,  such  as  Culex  pipiens  pipiens,  the  northern 
house  mosquito. 

Understanding  the  classification  divisions  is  simplified  if 
you  compare  them  to  a  pyramid,  because  beginning  at  the 
top  there  are  only  a  few  divisions,  and  as  you  descent  the 
scale  the  divisions  get  much  broader.  The  following 
paragraphs  will  reiterate  these  divisions  of  the  animal 
kingdom  beginning  at  the  top. 

The  animal  kingdom  is  divided  into  universally 
recognized  groups  of  closely  related  animals.  This 
kingdom  is  one  of  three  basic  groups  of  natural  objects  that 
comprise  all  living  and  extinct  animals.  The  animal 
kingdom  contains  several  phyla. 

Phylum.  Phylum  is  the  first  major  taxonomic  unit 
comprised  of  organisms  sharing  a  fundamental  pattern  or 
organization  and  presumably  a  common  descent.  This  is  the 
largest  group  of  animals  and  contains  many  classes. 

Class.  There  are  many  classes  involved  in  a  single 
phylum,  and  within  each  class  there  are  many  orders. 

Order.  Classes  are  divided  into  major  groups  identified 
as  order.  Living  things  which  have  common  major 
characteristics  are  placed  into  a  specific  order.  Features 
which  are  generally  used  for  placement  into  a  specific  order 
are  presence  or  absence  of  wings,  number  of  wings,  type  of 
wings,  type  of  mouthparts,  and  type  of  metamorphosis.  We 
will  discuss  this  in  more  detail  later  in  "arthropod 
morphology.*' 

Family.  Family  is  still  a  further  breakdown  in  the  animal 
kingdom.  Within  each  order  there  may  be  numerous  family 
groups  of  which  theie  will  be  basic  similar  characteristics 
which  place  it  in  a  particular  family.  Family  names  can 
most  often  be  recognized  and  distinguished  from  other 
divisions  by  the  word  ending  with  ''idae." 


Genus.  Genus  is  the  next  step  in  classification,  and  at 
this  point,  identification  is  almost  complete. 
Familiarization  with  this  nomenclature  division  is  very 
essential  for  you  to  identify  a  specific  organism. 

Species.  Species  is  the  last  major  division  in  the 
classification  system.  This  final  (in  most  cases) 
identification  process  is  most  important,  since  habits  and 
habitats  of  various  species  of  the  same  genus  may  vary 
greatly,  thus  affecting  the  type  of  control  measure  you  wish 
to  use.  This  is  a  distinct  group  of  animals  that  have  well- 
defined  characteristics  in  common  with  each  other  and  are 
capable  of  product  ing  offspring  with  the  same 
characteristics. 

Subspecies.  When  individual  species  vary  from  their 
normal  form  in  structure,  coloration,  habits,  et  .  they  are 
often  referred  to  as  subspecies,  strain,  or  race. 

Exercises  (202): 

1.  The  factor  with  most  bearing  on  how  all  living  things 
are  classified  is  . 

2.  The  first  step  in  classification  is  placing  an  organism 
into  the  proper   . 

3.  A  group  that  is  comprised  entirely  of  orders  within  the 
classification  division  is  identified  as  a  

4.  The  group  that  is  entirely  made  up  of  species  is  called  a 


5.   Arthropoda  represents  a    in   the  animal 

kingdom. 


1-2.  Arthropod  Morphology 

Morphology  is  a  branch  of  biology  that  deals  with  the 
from  and  structure  of  animals  and  plants.  Morphology 
defined  is  a  study  of  the  forms,  relations,  metamorphosis, 
and  phylogenetic  development  of  organs  apart  from  their 
functions. 

This  section  will  enable  you  to  understand  more  fully  the 
principles  discussed  in  the  previous  section  on  taxonomy 
and  will  identify  characteristics  that  place  an  organism  into 
a  particular  group.  We  will  be  primarily  concerned  with  the 
animal  kingdom;  especially  the  phylum  Arthropoda, 
because  the  greatest  majority  of  pests  that  we  are  concerned 
with  are  within  this  group. 

203*  State  the  prerequisites  for  clasifying  an  organism  as 
an  animal  and  identify  differences  of  specific  phyla  or 
orders* 

Physical  Comparison  Between  Insects  and  Higher 
Animals*  Everyone  knows  that  we,  as  humans,  are 
different  from  insects,  and  we  also  know  that  we  are 
classified  as  the  highest  animal  form;  but  many  do  not  know 
what  constitutes  the  difference  in  the  physical  structure. 
Like  it  or  not,  insects  are  placed  in  the  same  kingdom  as  we 
are  (animal  kingdom),  but  at  this  point  there  are  many 
differences;  thus,  a  separation  begins  within  the 
classification  system.  Table  1-1  illustrates  the  divisions  by 
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TABLE  1-1 

CLASSIFIC  ATION  COMPARISON  OF  MOSQUITOES  AND  H^J^:ANS 


Narti^  of  C^JjfPO'OT'v 

Htirna  n  s 

KINGDOM 

ANIMAL--capable  of  motion; 
no  chlorophyll. 

ANIMAL--capable  of  motion; 
no  chlorophyll. 

PHYLUM 

ARTKROPODA--jointed  append- 
ages; exoskel^tonj  dorsal  heaxt; 
ventral  nerve  cord;  cold  blood. 

CHORDATA- -jointed  append- 
ages; endoskeleton;  ventral 
heart;  dorsal  nerve  cord 

CLASS 

HEXAPODA-'three  pairs 
of  legs;  one  pair  of  antennae; 
wings  usually  present. 

MAMMALIA--majnmary  glands 
for  suckling  young;  hair; 
four- chambered  heart;  warm 
bl  ood. 

ORDER 

DIPTERA-"two  wings;  second 
pair  of  wings  modified  into, 
halters  or  balancers;  sucking 

it'^  r>ii  fhnji        *  pornnl  pfp 

III  \J\JL\.  11^  CX^  LO  y  ^V^iii^lCLC 

metamorphosis. 

PRIMATES-- Limbs  elongate, 
''hands*'  and  "feet"  enlarged, 
often  with  a  thumb,  each  of 

f"i\7P  riiPnt^  wifVi  fljjtfpnpri  or 

X  X  V  C    L<t        A  vO    W  X  l>  11   XX  A  V          1 C  \*  \J  X 

cupped  nails. 

FAMILY 
(Note  family 
names  end  in 
idae  in  zoology) 

Culicidae--The  true  mosqui- 
toes.   Adult  with  scales  on 
wings,  elongate  proboscis , 
wings  usually  longer  than 
ahriom  Pn 

Hominidae--The  family  of 
man. 

f^iil  p V  rT.nfin  ■for'  rnosfiuitoi 

(note  that  the  generic  name 
of  any  animal  is  capitalized 
and  written  in  italics) 

Homo  (Latin  for  man) 

SPECIES 

pipiens  (note  that  the  species 
name  is  always  written  in 
small  letters  and  in  italics). 
This  species  name  refers  to 
the  piping  or  whining  sound 
of  the  flying  mosquito. 

sapiens  (Latin  for  learned) 

SUBSPECIES 

latigans 

sapiens 

AUTHORITY 

Wiedemann,  1828 

Linnaeus,  1758 
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comparison  of  man  and  mosquito,  which  is  an  insect.  Both 
man  and  mosquito  are  classified  as  animal  because  both  are 
capable  of  motion  and  neither  has  chlorophyll,  which  is  a 
prerequisite  for  placement  in  the  animal  kingdom.  Using 
the  binomial  system  of  nomenclature,  man  is  identified  as 
Homo  sapiens  (which  is  Latin  for  learned  man).  Looking  at 
table  1-1,  the  mosquito  discussed  is  scientifically  named 
Culex  pipiens  (which  is  Latin  for  whining  mosquito). 
Notice  the  characteristics  which  lead  to  the  final 
classification.  In  each  case,  both  arc  classified  according  to 
a  specific  characteristic  using  Latin  words  for  these 
characteristics.  In  almost  every  case,  Latin  words  are  used 
in  the  scientific  naming  process. 

People  and  insects,  as  you  have  already  seen,  are  within 
the  same  kingdom;  but  from  this  point  on,  there  are  many 
differences,  and  the  further  we  move  down  the 
classification  system  the  broader  the  differences  become. 
Phylum  is  the  next  step  in  the  classification  system  that 
we'll  discuss.  The  mosquito  is  placed  in  the  phylum 
Arthropoda  because  it  has  jointed  appendages  and 
exoskeleton  (skeleton  on  outside).  Humans  jure  placed  in  the 
phylum  Chordata  which  has  jointed  appendages  and 
endoskeletons  (skeleton  on  inside).  Even  though  humans 
and  insects  are  in  different  phyla,  they  are  still  closely 
related,  with  exception  to  the  type  of  skeletal  system  each 
one  has  (comparison  shown  in  fig  1-1).  Class  is  the  next 
major  division  of  the  classification  system,  and  here  the 
mosquito  is  placed  in  the  class  Hexapoda.  This  class 
includes  all  animals  that  have  three  body  regions;  three 
pairs  of  walking  legs,  one  pair  of  antennae,  and  usually 
wings.  Humans  are  in  the  class  Mammalia,  which  means 
that  they  must  have  mammary  glands  and  hair;  of  course, 
there  are  other  qualifications  that  must  be  met,  such  as 
having  a  four-chambered  heart  and  warm  blood.  But 
remember,  we  are  only  concerned  with  the  physical 
structure  in  this  section.  The  order  is  the  last  comparison 
that  we  v/ill  make  between  the  mosquito  and  man,  because 
the  basic  differences  should  be  fully  realized  and 
understood  before  we  go  on  with  the  breakdown. 

The  mosquito  is  in  the  order  Diptera  which  means  having 
two  wings  with  a  second  pair  of  wings  modified  into 
halteres  or  balancers,  sucking  mouthparts,  and  complete 
metamorphosis  (development  process). 

Humans  come  under  the  order  of  Primates  because  they 
have  long  limbs,  enlarged  hands  and  feet,  often  have 
thumbs,  and  each  of  the  five  digits  has  flattened  or  cupped 
nails. 

Exercises  (203): 

1 .  Referring  to  table  1  - 1 ,  what  are  the  prerequisites  for  an 
organism  to  be  classified  as  an  animal? 

2.  What  is  the  primary  difference  in  the  physical  structure 
between  the  phyla  Arthropoda  and  Chordata? 
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Figure  1-1 .  Exoskeleton  and  endoskeleton. 


3.  What  are  the  characteristics  of  the  order  Diptera? 


024*  Cite  characteristics  of  arthropods  and  identify  body 
parts  of  each  class. 

The  Phylum  Arthropoda*  An  arthropod,  as  you  have 
learned,  is  an  animal  that  has  jointed  appendages  and  an 
exoskeleton.  In  addition  to  these  features,  it  also  has  a 
segmented  body,  meaning  his  body  is  divided  into  two  or 
more  sections.  There  are  more  animals  in  the  phylum 
Arthropoda  than  in  any  other  phylum.  Arthropods  can  be 
found  everywhere,  and  they  can  live  in  water,  on  ground,  in 
the  ground,  or  in  the  air.  From  the  standpoint  of  human 
suffering  and  economic  loss,  the  phylum  Arthropoda 
presents  the  most  concern  to  humans. 

This  phylum  is  generally  divided  into  five  classes: 
Crustacea,  Chilopoda,  Diplopoda,  Arachnida,  and 
Hexapoda.  Many  arthropods  help  people  by  providing  food 
and  materials,  but  many  compete  with  us  for  food;  destroy 
lawns,  shrubbery,  and  homes;  and  transmit  diseases. 
Throughout  this  course  you  will  be  concerned  primarily 
with  the  classes  Hexapoda  and  Archnida;  the  remaining 
classes,  Chilopoda,  Diplopoda,  and  Crustacea  are  less 
important. 

In  the  next  few  paragraphs  we'll  look  at  the  physical 
structures  of  come  classes  of  arthropods.  We'll  explain  the 
characteristics  of  each  to  help  you  understand  the  basis  for 
placing  an  organism  in  a  particular  class. 

The  class  Arachnica  (scorpions y  spiders,  ticks,  and 
mites).  The  arachnids  are  common  wherever  insects  occur 
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and  are  often  mistaken  for  insects.  They  may  be 
distinguished  easily  by  the  fact  that  they  have  no  antennae 
and  bear  four  pairs  of  walking  legs  in  their  adult  stages. 
Figure  1-2,  the  spider,  illustrates  the  fact  that  the  first  two 
body  regions  (head  and  thorax)  are  fused  to  form  a 
cephalothorax.  Some  arachnids,  such  as  mites  and  ticks, 
have  only  one  body  division.  They  breathe  by  means  of 
booklungs,  or  tubular  tracheae,  or  by  both  types  of 
respiratory  systems.  Their  reproductive  organs  open  near 
the  front  of  the  abdomen. 

This  class  ranges  in  size  from  microscopic  (mites)  to  3  or 
4  inches  (scorpions  and  spiders).  Its  habits  are  highly 
variable;   there  are   aquatic   and   terrestrial,  parasitic. 


predaceous,  and  vegetarian  forms.  Some  are  highly  active 
and  some  remain  in  one  place  through  life.  Some  produce 
living  young  (scorpions)  and  some  lay  eggs  (ticks,  mites, 
and  spiders).  With  most  arachnids,  the  young  resemble  the 
adults.  The  class  Arachnida  is  the  second  most  important 
class  of  this  phylum  to  humans.  It  contains  serious  human 
disease  vectors  (ticks  and  mites)  and  venomous  species 
(scorpions  and  the  black  widow  spider).  Many  varieties  are 
parasitic  on  birds,  animals,  and  humans  (ticks).  Many  are 
predaceous  or  harmful  and  destructive  insects  (scorpions 
and  spiders). 

The  class  Chilopoda  (centipedes).  Centipedes  (fig.  1-2) 
are  know  as  hundred  leggers,  although  most  species  have 


Insects 

Class  Kexapoda 

•  6  Ic^s  in  3  pjirs 

•  3  body  rc>»mns,  cjllod  head,  thorjx,  and  abdomen 

•  1  or  2  pairs  of  win>;s  {sometimes  absent) 

•  1  pair  of  antennae 

•  mostly  terrestrial  or  freshwater,  some  marine 


Millipedes 

Class  Diplopotia 

•  many  le^s,  2  pairs  on  most  body  se^^ments 

•  wormlike  cylindrical  body  with  many  se>»ments 

•  1  pair  of  antennae 

•  terrestrial 


Spiders,  Scorpions,  Miles,  Ticks 
Class  Arachnida 

•  8  le^s  in  4  pairs 

•  1  or  2  body  regions;  if  2,  the  front  is  called  the 
cephaK^thorax  (head  &  chest),  and  the  back,  the  abdomen 

•  no  antennae 

•  terrestrial,  some  freshwater 


Centipedes 

Class  Chilopoda 

•  many  legs,  1  pair  on  most  body  segments 

•  wormlike  flattened  body  with  many  segments 

•  1  pair  of  antennae 

•  terrestrial 


Sowbugs,  Crayfish,  Lobsters,  Crabs.  Barnacles 

Class  Crustacea 

•  10  or  more  legs  in  pairs 

•  2  bt^dy  regions,  called  cephalothorax  and  abiii^men 

•  2  pairs  of  antennae 

•  mostly  marine,  some  freshwater  and  terrestrial 
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Figure  1-2.  Five  classes  of  arthropods. 

"  116 


fewer  than  this  number  of  legs.  The  centipede  has  a  head 
with  one  pair  of  antennae  and  a  group  of  similar  segments 
called  a  trunk.  Each  trunk  segment  has  one  pair  of  legs. 

Centipedes  range  in  size  from  small  sf>ccimens  less  than 
1  inch  long  to  specimens  in  the  tropics  reaching  10  inches. 
They  are  fast,  nocturnal,  secretive  predaceous,  and 
terrestrial.  Most  sp>ecies  lay  eggs.  The  young  closely 
resemble  the  :»dults  but  sometimes  have  fewer  leg  pairs. 
They  are  beneficial  to  humans  because  they  feed  on  many 
harmful  insects.  However,  some  species  are  capable  of 
inflicting  painful  bites  with  their  paired  poison  claws 
(modified  first  leg  pair),  but  no  dangerous  species  are  found 
in  the  United  States. 

The  class  Diplopoda  (millipedes).  Millipedes  (fig.  1-2) 
have  one  pair  of  antennae  and  two  body  regions,  the  head 
and  trunk.  They  differ  from  centipedes  in  that  each  apparent 
trunk  segment  has  two  pairs  of  legs.  Millipedes  usually  do 
not  hurt  people  but  may  damage  some  plant  crops. 

Millipedes  range  in  size  from  less  than  I  to  5  or  6  inches. 
They  are  slow  moving,  despite  numerous  legs,  and  are 
nocturnal,  secretive,  vegetarian,  and  terrestrial.  They  lay 
eggs,  and  the  young  resemble  the  adults  but  have  fewer 
abdominal  segments  and  only  three  pairs  of  walking  legs. 
They  may  be  accidental  parasites  of  humans,  inhabiting  the 
intestinal  and  urinary  tracts.  When  distrubed,  some  produce 
offensive  fluids  from  paired  glands  located  in  the  abdomen 
and  have  been  known  to  produce  a  dermatitis  in  humans. 

The  class  Crustacea  (crabs y  shrimp y  lobsters y  sowbugSy 
and  copepods).  Crustaceans  (fig.  1-2)  differ  from  insects  in 
having  five  or  more  pairs  of  walking  legs,  two  pairs  of 
antennae  in  typical  forms,  two  body  regions  (cephalothorax 
and  abdomen),  no  wings,  reproductive  organs  opening  at 
the  base  of  the  walking  legs,  no  trachae,  and  great 
variations  in  shape. 

This  class  is  the  least  related  to  the  insects  of  any  of  the 
other  related  classes  in  this  phylum.  It  ranges  in  size  from 
microscopic  forms,  such  as  the  copepods,  to  crabs  more 
than  3  feet  long.  The  animals  in  this  class  are  relatively 
active,  diurnal,  predaceous,  parasistic,  and  vegetarian. 
They  are  usually  aquatic  or  semiaquatic,  and  many  are  both 
diurnal  and  nocturnal.  Egg«^  are  usually  carried  in  sacs 
inside  or  outside  the  body.  The  immature  stages  may  look 
like  the  adults  (crayfish)  but  may  look  very  different  from 
the  adults  (copepod).  Many  are  beneficial  to  humans  as 
food  (crabs,  lobsters,  shrimp,  etc.).  Some  are  intermediate 
hosts  of  parasites,  attaching  tapeworms,  fiukes,  and  guinea 
worms.  Some  are  marine  boring  organisms  such  as  the 
gribble  (Limnoria  sp).  Pillbugs  and  sowbugs  are 
occasionally  greenhouse  pests. 

The  class  Hexapoda  (true  insects).  The  insects  are  the 
most  important  members  of  the  phylum  Arthropoda. 
Typical  adult  insects  have  one  pair  of  antennae,  three  pairs 
of  walking  legs,  and  three  body  regions:  head,  thorax,  and 
abdomen  (fig.  1-3).  many  insects,  but  not  all  of  them,  have 
wings.  None  of  the  other  classes  of  arthropods  have  wings. 
The  reproductive  organs  open  at  the  posterior  end  of  the 
abdomen. 

We'll  discuss  the  specific  habits  and  life  histories  of  the 
insects  of  importance  to  people  in  later  paragraphs.  Learn 
the  identifying  characteristics  of  each  class  of  the  phylum 
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Figiire  1-3.  The  three  main  parts  of  an  insects  body  (paper  wasp). 


Arthropoda,  for  these  features  will  help  you  understand  the 
individual  insect  species  and  their  habits. 

Exercises  (204): 

1 .   For  an  arthropod  to  be  placed  in  the  class  Hexapoda  it 
must  have  wings.  C^rue/False) 


2.   From  the  standpoint  of  human  suffering  and  economic 
loss,  which  phylum  is  of  the  most  concern  to  people? 


3.  The  most  important  classes  of  arthropods  discussed  in 
this  lesson  are  represented  by  which  two  groups? 


4.  Which  class  is  least  related  to  insects  but  is  still  in  the 
same  phylum? 


5.     latch  each  class  of  arthropods  in  ^Mumn  B  with  its 
proper  description  in  column  A. 

Column  A  Column  B 

  (I)  Have  one  pair  of  antennae,  two  body  a.  Arachnida. 

segments  (head  and  trunk),  and  two  b.  Crustacea. 

pairs  of  walking  legs  on  each  trunk  c.  Chiiopoda. 

segment.  d.  Dipiopoda. 
  (2)  The  aduh  stage  has  no  antennae  or  e.  Hexapoda. 

wings,  has  four  pairs  of  legs,  and  ma> 

have  one  or  two  body  regions. 
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Column  A 


Column  B 


(3)  Have  five  or  more  pairs  ot  walking 
legs,  two  pairs  nl  antennae,  two  hody 
re i: ions,  and  no  wings. 

(4)  Have  one  pair  ot  antennae,  three  pairs 
i>f  legs,  three  body  regions,  and  may 
or  may  not  have  wings. 

(5)  Have  one  pair  of  antennae,  two  bojy 
regions  (head  and  imnk).  and  one  pair 
of  legs  on  each  trunk  segment. 


205.  !^^ontify  structural  features  and  developmental 
procc   es  of  the  class  Hexapoda. 

Inset  Structure.  You  need  a  basic  knowledge  of  insect 
structure  to  correctly  identify  insects.  This  is  the  first  step 
weMl  take  in  our  study  of  insect  biology  or  control. 

Insect  body.  The  insect  body  is  generally  a  more  or  less 
elongated  tube  with  appendages,  such  as  legs,  wings,  or 
antennae  on  either  side.  Each  side  is  like  the  other.  This 
arrangement  is  referred  to  as  bilateral  symmetry.  The  body 
is  segmented,  or  jointed,  with  segments  being  grouped  into 
the  head,  thorax,  and  abdomen. 

In  adult  insects  the  eyes,  antennae,  and  mouthparts  are  on 
the  head.  Legs  and  wings  are  attached  to  the  thorax.  The 
appendages  on  the  abdomen,  when  any  are  present,  are 
usually  on  the  last  segment  only.  Abdominal  appendages 
are  usually  sex  organs,  or  hairs,  or  bristlelike  extensions 
known  as  cerci.  Most  appendages  on  the  insect  body  are 
segmented. 

The  skeleton  of  the  insect  is  on  the  outside,  rather  than  on 
the  inside  as  with  man  and  other  mammals,  thus  serving  not 
only  as  an  outer  covering  of  the  body  but  also  as  the  firm 
portion  of  the  body  to  which  muscles  are  attached.  Such 
muscle  attachment  makes  it  possible  for  an  insect  to  have 
overall  strength  out  of  all  proportion  to  its  size. 

The  body  wall  is  composed  of  two  principal  layers,  a 
cellular  epidermis,  or  outer  skin,  and  a  nonliving  cuticle. 
The  cells  of  the  epidermis  produce  a  hard  outer  layer  called 
the  cuticle.  In  addition,  certain  specialized  cells  produce 
surface  hairs  and  glandular  secretions  that  are  also  found  on 
the  surface  of  the  insect  body. 

The  cuticle  itself  is  made  up  of  three  principal  layers  (see 
fig.  1-4).  The  endocuticle  and  exocuticle  contain  the 
material  chitin  and  sclerotin  which  are  typical  of  the  insect 
skeleton  and  contain  any  coloring  matter  that  may  be 
present.  The  epicuticle  is  a  very  thin,  waxy  layer  that 
protects  the  insect  body  so  that  moisture  does  not  evaporate 
from  it.  This  layer  is  important  to  the  pest  control  specialist 
because  insecticides  that  work  through  the  body  wall  must 
be  able  either  to  penetrate  or  to  dry  up  this  layer  in  order  to 
be  effective. 

The  body  wall  completely  covers  the  insect.  In  some 
portions,  it  is  hardened  to  form  plates  or  sclerites;  in  others 
it  is  soft  and  flexible  forming  membranous  sutures  between 
the  sclerites.  This  body  wall  is  always  in  one  piece  with 
hard  and  soft  portions  being  merely  variations  in  the  same 
structure.  For  example,  the  usual  insect  abdomen  is  quite 
firm  because  of  its  segmented  rings,  or  sclerites,  which 
extend  around  it;  it  is  also  flexible  and  expandable  because 


of  the  flexible  sutures  that  connect  these  sclerites  to  each 
other  and  join  the  parts  of  each  sclerite  to  the  other  parts. 

Head.  The  typical  insect  head  is  a  hollow  capsule  made 
up  of  a  number  of  segments  which  have  been  solidly  fused 
together  and  which  cannot  easily  be  distinguished.  The 
head  is  usually  quite  hard. 

Sense  organs.  The  antennae  are  appendages  of  the  head, 
and  they  are  nearly  always  made  of  many  segments.  The 
shape,  number,  and  relative  size  of  the  segments  are 
characteristics  frequently  used  to  identify  an  insect. 
Antennae  are  sense  organs  having  the  functions  of  touch, 
srnell,  and  in  some  cases,  hearing.  There  are  many  different 
kinds  of  antennae,  a  few  of  which  are  listeH  below  (see  fie 
1-5). 

•  Filiform — threadlike  (cockroach). 

•  Setaceous — tapering  (dragonfly). 
Moniliform — beadlike  (some  bark  beetles). 
Serrate — sawlike  (drugstore  beetle). 

•  Clavate — clubbed  (ladybird  beetle). 

•  Capitate — having  a  head  (some  powder-post  beetles). 

•  Lamellate — leallike  (June  beetle). 

•  Pectinate — comblike  (pyrochroid  beetle). 

Most  adult  insects  have  a  pair  of  relatively  large 
compound  eyes  located  on  the  head.  The  surface  of  these 
eyes  is  made  up  of  many  small  lenses,  each  of  which  is  the 
lens  to  a  single  portion  of  the  compound  eye.  In  addition, 
most  insects  also  have  simple  eyes  located  on  the  upper  part 
of  the  head  between  the  compound  eyes.  Some  insects  have 
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Figure  1-4.  Lateral  view  of  an  insect's  body  wall. 
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Figure  1-5.  Some  typical  insect  antennae. 
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no  simple  eyes  in  the  adult  stage,  but  among  those  that  do, 
the  number  may  be  one,  two,  or  three  depending  upon  the 
kind  of  insect.  In  many  adult  insects,  simple  eyes  function 
as  supplementary  light-perception  organs.  They  do  not 
perceive  images. 

An  insect  does  not  get  as  clear  an  image  of  objects  as  do 
humans  and  other  vertebrates,  and  its  ability  to  distinguish 
form  is  not  very  well  developed.  However,  it  is  usually  very 
sensitive  to  motion.  As  far  as  color  perception  is  concerned, 
insects  see  farther  into  the  ultraviolet  inan  humans,  but  they 
do  not  see  as  far  into  the  red  part  of  the  spectrum. 

Mouthparts.  An  insect's  mouthparts  are  rnade  up  of 
extensions  of  the  original  head  segments  and  are  located, 
usually,  on  the  bottom  of  the  head  although  on  some  insects 
the  head  is  held  so  the  mouthparts  extend  forward. 
Variations  in  insect  mouthparts  are  characteristics  that  are 
frequently  used  in  the  identification  of  insects.  The  type  of 
mouthparts  also  serves  to  tell  something  of  the  food  habits 
of  the  insect  and  may  well  make  it  possible  to  tell  where  to 
find  the  insect  by  looking  for  a  suitable  source  of  food. 

The  structures  that  make  up  the  mouthparts  of  insects 
vai-y  greatly  in  shape  and  function.  In  many  insects  they  arc 
formed  for  biting  off  and  chewing  solid  foods,  such  as 
leaves,  wood,  fabrics,  or  kernels  of  grain.  In  others  they  are 
formed  for  piercing  the  skin  Oi  animals  or  the  epidermis  of 
plants  and  bucking  up  blood  or  plant  sap  from  beneath  the 
surface.  In  still  others  they  are  formed  so  the  insect  can  feed 
on  exposed  liquids  such  as  water  and  nectar. 

Based  on  the  form  of  their  food  and  the  method  by  which 
they  obtain  it,  the  mouthparts  of  adults  may  be  divided  into 
6  principal  types  or  kinds:  Chewing,  rasping-sucking, 
piercing-sucking,  sponging,  siphoning,  and  chewing- 
lapping. 

Chewing  type.  This  is  the  most  primitive  and  therefore 
the  most  basic  type;  it  is  found  in  insects  such  as 
cockroaches,  termites,  beetles,  and  chewing  lice  which 
feed  on  solid  food.  In  this  type,  the  mouthparts  are  made  up 
of  7  well-defined  structures,  most  of  which  are  found  in 
insects  with  other  types  of  mouthparts,  but  they  are  usually 
greatly  modified  in  form  (see  fig.  1-6). 

Structures  found  in  the  chewing  type  of  mouthparts  are  as 
follows: 

a.  Upper  lip  (labrum).  This  is  a  simple  flap  which  covers 
the  upper  jaws,  much  as  our  upper  lip  covers  the  upper 
teeth. 

b.  Upper  jaws  (mandibles).  There  are  two  upper  jaws, 
each  of  that  is  a  solid  structure  which  has  toothlike 
projections  on  the  inner  side.  The  jaws  move  from  side  to 
side,  or  transversely,  and  are  used  to  tear  or  bite  off  the  food 
and  chew  it. 

c.  Tongue  (hypopharynx).  This  is  a  fleshy  organ  found 
inside  the  mouth. 

c.  Lower  jaws  (maxillae).  There  are  a  pair  of  these,  each 
of  which  is  made  up  of  several  parts.  Attached  to  the 
outside  of  each  is  an  antennalike  structure  called  a 
maxillary  palpus  which  may  contain  organs  of  taste,  touch, 
and  smell.  The  lower  jaws  move  from  side  to  side  as  do  the 
upper  jaws. 

e.  Lower  lip  (labium).  The  lower  lip  is  made  up  of 
several  parts  and  bears  a  labial  pulpus  on  either  side  which 
has  the  same  functions  as  the  maxillary  palpi. 
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Raspifiii-suckinii  type.  Insects  that  possess  this  type  of 
mouthpi-rt  lacerate  or  rasp  the  epidermis  of  plants  with  three 
needlelike  organs,  the  stylets,  until  the  sap  Hows  out.  They 
then  retract  these  stylets  and  suck  up  the  exposed  sap.  The 
only  insects  that  possess  this  type  of  mouthparts  are  the 
thrips. 

Piercing-sucking  type.  In  this  type,  the  parts  have  been 
modified  so  the  insect  can  pierce  the  skin  of  animals  or  the 
epiderm'S  of  plants  and  suck  up  the  blood  or  plant  sap  trom 
beneath  the  surface. 

There  are  many  varieties  or  sub-types  of  the  piercing- 
sucking  type.  Basically,  there  is  a  proboscis,  or  snout, 
which  is  a  slender,  tubular  beak.  Within  the  snout  are 
enclosed  four  long,  slender  stylets.  These  stylets  are  used  to 
pierce  the  tissue  and  suck  up  the  liquid  food.  Although  this 
is  the  general  arrangement  found  in  the  various  insects  with 
piercing-sucking  mouthparts,  there  are  numerous 
modifications  of  it  in  mosquitoes,  biting  flies,  fleas,  and 
lice  (fig.  1-7). 

Sponging  type.  Some  flies,  such  as  house  flies,  blow  flies 
and  fruit  flies,  are  unable  to  pierce  the  skin  of  animals  or  the 
epidermis  of  plants  and,  therefore,  must  feed  on  exposed 
liquids.  In  these  flies,  the  lower  lip  is  elongated  to  form  the 
outer  covering  of  the  beak.  Within  this  beak  are  two  slender 
structures  that  form  a  salivary  duct  and  a  food  channel  (fig. 
1-8).  The  tip  of  the  lower  lip  is  enlarged  into  a  sponging 
organ  which  has  a  series  of  grooves  radiating  from  the 
center.  When  the  fly  dips  the  end  of  its  beak  into  liquids, 
the  liquid  flows  up  these  grooves  undl  it  comes  in  contact 
vi'ith  the  food  channel.  The  food  is  then  sucked  up  through 
this  channel  into  the  esophagus. 

Siphoning  type.  In  moths  and  butterflies  a  part  of  each 
lower  jaw  is  elongated.  The  parts  are  interlocked  to  form  a 
long,  slender  tube  through  which  exposed  liquids,  such  as 
nectar  and  water,  are  sucked.  This  tube  or  **tongue''  is 
coiled  up  like  a  watch  spring  when  it  is  not  being  used. 

Chewing-lapping  type.  In  some  bees  and  wasps  the 
mouthparts  are  formed  both  for  the  chewing  of  solids  and 
the  sucking  up  of  exposed  liquids,  especially  nectar.  The 
upper  lip  and  the  upper  jaws  are  of  the  same  form  as  the 
chewing-type  mouthparts.  The  lower  jaws  and  the  lower  lip 
are  elongated  to  form  a  **tongue''  with  which  the  insect  can 
suck  or  lap  up  liquids. 

Mouthparts  of  immature  insects.  Some  immature  forms 
of  insects  have  the  same  type  of  mouthparts  as  their  parents, 
while  others  do  not.  In  insects  that  develop  without 
metamorphosis  (for  example,  silverfish)  or  with  gradual 
metamorphosis  (cockroaches)  or  incomplete 
metamorphosis  (dragon-flies),  the  immature  forms  have  the 
same  type  mouthparts  as  their  parents.  That  is,  if  the  adult 
has  piercing-sucking  mouiS^  irts,  as  in  the  case  of  some 
lice,  the  immature  forms  will  also  have  piercing-sucking 
mouthparts. 

Larvae,  the  growing  stage  of  insects  with  complete 
metamorphosis  (butterflies),  may  or  may  not  have  the  same 
kind  of  mouthparts  as  their  parents.  The  larvae  of  beetles, 
moths,  and  butterflle  nay  or  may  not  have  the  same  kind 
of  mouthparts  as  their  parents.  In  addition,  the  larvae  of 
beetles,  moths,  butterflies,  and  some  of  the  bees  have 
typical  chewing  mouthparts  although  the  various  parts  may 
be  reduced.  The  larvae  of  fleas  and  some  flies,  such  as 
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Figure  1^.  Typical  chewing  mouthpaits  of  a  cockroach. 
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Figure  1-7.  Piercing-sucking  mouthparts  of  a  mosquito. 


mosquitoes,  deer  flies,  and  black  flies,  also  have  chewing 
mouthparts,  but  they  are  not  as  well  developed  as  in  the 
above  insects. 

The  head  of  the  larval  form  of  flies,  such  as  house  flies, 
blow  flies,  and  fruit  flies,  is  greatly  reduced  and  withdrawn 
into  the  thorax.  Their  food  has  to  be  in  liquid  form. 
Although  the  immature  stages  of  some  flies  have  no  true 
jaws,  there  are  usually  two  mouth  hooks  present  which 
enable  the  larvae  to  lacerate  tissue, 

Mouthparts  of  the  larvae  of  bees,  ants,  and  wasps  are 
much  reduced.  In  general  they  are  of  the  chewing  type. 
However,  the  larvae  of  many  of  the  ants  and  bees  are  fed 
liquids. 


Figure  1-8,  Sponging  mouthparts  of  a  housefly. 


Thorax.  The  middle  region  of  an  insect  body  is  known  as 
the  thorax.  It  is  made  up  of  three  segments  to  which  the  legs 
and  wings  are  attached,  whenever  they  are  present  (fig.  1- 
9).  The  segments  of  the  thorax  are  usually  quite  hard  and 
are  frequently  fused  solidly  together  to  provide  a  firm  base 
for  the  many  muscles  necessary  to  operate  the  wings  and  the 
legs.  The  thorax  is  connected  to  the  head  by  a  membraneous 
neck  region  called  the  cervix. 

Legs.  An  insect  leg  is  always  jointed  and  consists  of  6 
parts:  coxa,  trochanter,  femur,  tibia,  tarsus,  and  pretarsus. 

The  coxa  and  trochanter  are  the  two  parts  that  connect  the 
insect  leg  to  the  body,  with  the  trochanter  being  between 
the  coxa  and  the  femur.  The  femur  corresponds  more  or  less 
to  the  thigh  of  a  human,  and  the  tibia  to  the  lower  leg.  The 
tarsus  is  composed  of  several  joints  and  corresponds  to  the 
foot.  The  last  tarsal  segment  usually  bears  a  pair  of  claws 
and  freq  rently  pads  or  lobes  between  the  claws.  These 
claws  and  pads  together  form  the  pretarsus. 

Variations  in  the  size  and  shape  of  the  leg  segments  are 
characteristics  by  which  a  pest  control  specialist  can  tell  a 
great  many  things.  The  legs  are  modified  for  running, 
jumping,  grasping,  digging,  and  in  many  other  ways  that 
give  a  good  insight  into  the  habits  of  the  insect  (fig.  1-10). 
Variations  in  the  leg  are  also  used  in  identification. 

Wings.  Insect  wings  are  an  outgrowth  of  the  body  wall  on 
the  last  two  segments  of  the  thorax  (fig.  1-1 1). 

Most  adult  insects  have  two  pairs  of  wings  but  some  have 
only  one  pair  and  a  few  have  none.  Most  insect  wings 
consist  of  a  thin  membrane;  in  some  insects,  however,  the 
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Figure  1-9.  Insect  thorax. 
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Figure  1-10.  Insect  legs. 
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Figure  1-1 1 .  Insect  wing. 


front  pair  of  wings  are  thickened  and  leathery  or  hard.  The 
variation  in  the  number  of  wings,  their  size,  shape,  texture, 
arrangement  of  veins,  and  rest  position  are  also 
identification  characteristics. 

Abdomen.  The  insect  abdomen  is  composed  of  11 
segments,  although  the  last  segment  is  usually  so  reduced  in 
size,  or  so  modified,  that  only  10  segments  are  easily 
visible  (fig.  1-12).  In  some  insects  several  segments  may 
be  fused  together  so  there  appear  to  be  fewer  than  10.  A 
small  holelike  opening  is  on  either  side  of  each  of  the  first  7 
or  8  abdominal  segments  when  10  are  present.  Here,  the 
spiracles  open  into  the  internal  respiratory  system.  Various 
appendages  may  appear  on  the  last  segment  of  the 
abdomen.  Of  these  appendages,  the  most  noticeable  on 
many  insects  are  the  cerci,  which  extend  from  the  last 
abdominal  segment.  Genual  appendages  may  be  lacking 
but,  when  present,  the  most  conspicuous  organs  are  the 
claspers  of  the  male  and  ovipositor  of  the  female.  These 
genital  organs  may  be  present  excemally  or  may  be  totally 
enclosed  within  the  abdomen  so  that  they  are  not  visible. 
All  of  the  appendages  on  the  last  abdominal  segment 
perform  sensory  functions,  primarily  in  the  reproductive 
process. 

Insect  Development.  The  life  cycle  begins  with  the 
fertilization  of  the  egg  and  is  completed  when  the  adult 
stage  is  reached.  The  term  ''lifesrm"  refers  to  the  entire 
length  of  life  of  the  insect.  Some  insects,  such  as  tropical 
termite  queens,  may  live  15  or  20  years;  and  the  periodical 
cicada  lives  for  14  to  17  years.  Mayflies  may  live  only  a 
few  days  as  adults,  although  they  may  spend  2  or  3  years  in 
the  developing  immature  stages. 

Small  animals  have  relatively  greater  surface  axeas  in 
proportion  to  their  body  weight  and  volume  than  large  ones. 
This  results  in  increased  evaporation  of  water  vapor  from 
the  body  and  requires  the  development  of  complex 
waterproof  body  coverings.  The  hard  plates  in  the  cuticle 
also  serve  as  protective  armor,  as  well  as  oody  support,  and 
as  the  framework  for  muscles  of  locomotion. 

The  development  of  this  armorlike  exoskeleton  and 
wings  has  complicated  the  growth  of  insects.  The  molting 
process  is  a  means  by  which  an  immature  insect  may  shed 
this  protective  skeleton,  the  linings  of  the  respiratory 
system  and  of  the  foregut  and  hindgut.  A  molting  fluid  is 
produced  between  the  old  exoskeleton  and  the  new  soft 


cuticle  of  the  insect.  Air  or  water  is  swallowed  until  the 
body  swells,  bursting  the  old  cuticle  on  the  dorsal  surface  in 
most  cases.  The  insect  gradually  extracts  itself;  and  a  new 
cuticle  hardens  on  its  expanded  body,  thus  accomplishing  a 
stage  of  growth.  The  number  of  molts  is  small  and  constant 
in  most  species,  such  as  the  three  molts  of  the  housefly;  or  it 
may  be  large  and  variable  as  in  the  1 2  or  more  molts  of  the 
American  cockroach.  For  a  penod  var>'ing  from  a  few  hours 
to  a  day  after  molting,  the  body  of  an  insect  may  be  soft  and 
pale  colored,  leading  some  laymen  to  refer  to  it  as  an 
**albino."  However,  during  the  first  day  after  molting, 
there  is  a  progressive  hardening  and  coloring  of  the 
integument,  ar  J  for  this  reason,  most  entomologists  allow 
newly  emerged  adult  insects  to  remain  in  rearing  containers 
for  12  to  24  hours  before  killing  and  pinning  them.  For 
example,  if  mosquitoes  are  killed  soon  after  they  emerge, 
their  abdomens  will  shrivel  before  the  integument  becomes 
hardened,  making  it  difficult  to  identify  them. 

Metamorphosis  refers  to  changes  in  form  or  structure  of 
an  insect  during  its  development.  A  few  primitive  insects 
develop  without  metamorphosis  (fig.  1-13).  The  young 
possess  all  of  the  obvious  structures  of  the  adult  and  differ 
from  them  merely  in  size,  color,  and  sexual  maturity.  The 
springtails  (Collembola)  and  silverfish  (Thysanura)  develop 
without  metamorphosis.  Both  are  small  wingless  insects. 
Thysanura  grow  and  molt  throughout  life  so  that  there  is  no 
distinct  adult  stage. 

Insects  with  gradual  or  incomplete  metamorphosis  pass 
through  three  stages  during  their  life:  egg,  nymph,  and 
adult,  as  illustrated  in  figure  1-14.  Insects  in  this  group 
change  gradually  while  going  through  a  succession  of  molts 
to  become  adults.  The  young  resemble  the  adult  insect 
except  for  their  smaller  size  and  for  the  absence  of  wings  in 
wingbearing  species.  The  young,  or  nymphs,  are  immature 
sexually  and  may  bear  wing  pads  in  the  latter  stages  of  their 
development.  Some  important  orders  with  gradual 
metamorphosis  are: 

DICTYOPTERA     cockroaches,  walking  slicks,  and  praying  mantids. 
ANOPLURA  sucking  lice,  including  the  crab  and  body  lice. 

MALLOPHAGE     biting  lice. 

HEMIPTERA         true  bugs  including  the  bedbug  and  kissing  bug. 
DERMAPTERA  earwigs. 
PSOCOPTERA       book  lice  and  psocids. 

Insects  with  complete  metamorphosis  have  four  stages: 
egg,  larva,  pupa,  and  adult  as  illustrated  in  figure  1-15. 
Insects  with  this  type  of  life  history  are  greatly  different  in 
the  immature  and  adult  stages.  Typical  larvae  are  the 
wigglers  of  mosquitoes,  the  maggots  of  flies ,  or  the 
caterpillars  of  butterflies  and  moths.  The  pupal  stage  is  an 
important  evolutionary  development  during  which  the 
simple  larva  undergoes  many  external  and  internal  changes 
to  become  the  complete  adult. 

Most  of  the  insects  with  complete  metamorphosis  have 
wings  as  adults,  but  some  species,  such  as  the  fleas,  are 
completely  wingless.  Normally  the  wing  buds  first  appear 
in  the  pupal  stage.  When  the  young  adult  first  emerges  from 
the  pupal  shell,  the  wings  are  crumpled  and  useless. 
Hydrostatic  pressure  of  the  blood  within  the  insect  body 
forces  the  saclike  wings  outward,  and  the  two  membranes 
collapse  against  each  other  to  form  the  single  membranous 
structure. 


12 


EKLC 


122 


Figure  1-12.  Insect  abdomen. 


Figure  1-14.  Gradual  or  incomplete  metamorphosis. 


There  aie  many  orders  of  insects  having  complete 
metamorphosis.  Five  of  these  orders  of  most  importance  to 
pest  managers  are  listed  below: 


DIPTERA 

SIPHONAPTERA 

LEPIDOPTERA 

HYMENOPTERA 

COLEPTERA 


flis,  mosquitoes,  midges,  and  punkies. 
fleas. 

moths,  butterflies,  and  skippers, 
ants,  bees,  and  wasps, 
beetles,  and  weevils. 


Exercises  (205): 
1 .  What  are  the  three  main  regions  of  an  insect's  body? 


b.  Legs . 


c.  Antennae. 


d.  Spiracles. 


e.  Wings . 


2.  On  which  main  body  region  are  each  of  these  parts 
located? 

3.  Hardened  plates  on  an  insect's  body  are  called 
a.  Reproductive  organs  ■ 
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adutt 


Neuroptera 
Coleoptera 
Mecoptera 
Trichoptera 


pupa 


Complete  Metamorphosis 
Megaloptera  Lepidoptera 


Diptera 
Siphonaptera 
Hymenoptera 
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Figure  H15.  Complete  metamorphosis. 


4.  Soft,  flexible  parts  between  these  plates  are  called        7.  How  many  pairs  of  wings  do  most  insects  have? 


5.  What  are  the  functions  of  an  insect's  antennae? 


8.  When  a  change  of  form  or  structure  occurs  during  an 
insect's  development,  what  is  it  called? 


6.  Name  the  six  types  of  insect  mouthparts  and  give  an 
example  of  an  insect  with  each  type. 


Mouthparts 


Insect 


(1) 

(2)  . 

(3)  . 

(4)  . 

(5)  . 

(6)  . 


9.  Insects   that   pass   through   three   stages   in  their 
development  anj  known  as  having  . 


10.  Insects    that     experience    four    stages    in  their 
development        are        known        as  having 
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206.  Identify  distinguishing  characteristics  of  various 
orders  of  insects. 

Important  Orders  of  insects  (Pan  I),  The  class 
Hexapoda  is  divided  into  20  to  40  major  groups  or  orders  by 
different  authorities.  Members  of  each  order  have  certain 
features  in  common  that  distinguish  them  from  all  other 
insects;  primarily,  the  type  of  mouthparts,  the  number  of 
pairs  and  types  of  wings,  and  the  kind  of  metapmorphosis. 

You  will  not  be  expected  to  learn  the  genera  or  species  of 
all  insects  with  which  you  come  in  contact,  but  you  should 
learn  whether  they  are  flies,  beetles,  or  moths.  These  words 
are  used  loosely  by  many  people,  and  reports  will  come  in 
stating  that  a  quarters  is  infested  with  **flies"  when  it  is 
really  infested  with  cereal  moths  or  **beetles."  The  main 
orders  of  common  insects  and  a  brief  description  of  their 
characteristics  are  given  in  the  following  paragraphs. 

Order  Anoplura  (unarmed  tail).  The  sucking  lice  (fig. 
1-16)  are  small,  wingless,  flattened  insects  that  are 
bloodsucking  parasites  of  man  and  other  mammals.  The 
species  most  important  to  public  health  jure  the  body  louse, 
the  head  louse,  and  the  crab  louse.  Their  mouthparts,  which 
are  usually  retracted  within  the  head,  are  modified  for 
piercing  and  sucking.  Their  eggs,  or  nits,  are  attached  to  the 
body  hairs  or  (in  humans)  to  the  undergarments. 
Development  is  by  gradual  metamorphosis. 

Order  Coleoptera  (sheath,  wing — beetles  and  weevils). 
In  the  adult  stage,  the  beetles  and  weevils  (fig.  1-17)  have 
four  wings.  The  front  pair  are  heavy  and  shell-like  and 
serve  as  wing  covers,  called  elytra,  which  protect  the 
hindwings  and  the  abdomen.  The  hindwings  are 
membranous  or  cellophanelike  and  fold  underneath  the 
forewings.  The  mouthparts  are  extended  into  a  snout. 
(These  are  the  true  weevils.)  Beetles  have  complete 
metamorphosis. 

Order  Dermaptera  (skin  wing — earwigs).  Earwigs  (fig. 
1-18)  are  rather  small,  dark-colored  insects  with  a  long, 
narrow  body  and  a  prominent  pair  of  cerci,  or  forceps,  at 
the  posterior  end.  The  head  bears  chewing-type  mouthparts 
and  relatively  sort  antennae.  The  forewings  are  short, 
leathery  structures  which  protect  the  delicate  semicircular 
hindwings  that  are  pleated  like  a  fan.  Earwigs  are  primarily 
vegetarians  but  will  invade  houses  by  the  thousands,  and  if 
crushed,  they  give  off  an  offensive  '^dor  and  can  be  severe 
household  pests.  Despite  their  nani^,  **earwigs"  are  not 
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Figure  1-16.  Order  Anoplura,  a  body  '  )use. 
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Figure  1-17,  Order  Coleoptera.  a  grain  weevil. 


gjilty  of  entering  the  human  ear  and  stinging  a  person  to 
death,  as  related  in  some  old  wives'  tales. 

Order  Diptera  (two-winged— flies  and  mosquitoes).  The 
flies  (fig.  1-19),  mosquitoes,  gnats,  midges,  and  punkies 
make  up  this  large  order  of  two-winged  insects.  A  pair  of 
knobs,  or  halteres,  occurs  in  place  of  the  second  pair  of 
wings.  Dome  forms,  such  as  the  **sheep  tick,"  or  ked,  lack 
both  wings  and  halteres.  Mouthparts  are  fitted  for  sucking 
or  lapping.  These  insects  undergo  complete 
metamorphosis,  and  the  larvae  are  called  maggots,  or 
wigglers,  depending  upon  the  species.  Some  diptera  are 
beneficial;  many  are  neutral  to  man,  and  many  are  serious 
pests  and  vectors  of  disease. 

Order  Hemiptera  (half-winged — true  bugs).  This  large 
order  comprises  the  true  bugs  (fig.  1-20),  the  only  insects 
properly  called  by  that  name.  The  young,  or  nymphs,  go 
through  a  series  of  molts  before  reaching  the  adult  stage, 
and  thus  develop  by  gradual  metamorphosis.  The  adults 
generally  have  two  pairs  of  wings.  The  forewings  of  these 
bugs  are  diagonally  divided  into  two  parts,  the  forepart  and 
the  hindpart.  The  forepart  is  thickened  and  the  hindpart  is 
membranous.  Not  all  of  these  insects  have  wings  but  may 
have  rudimentary  (partial)  wings.  The  bedbug  is  an 
example  of  this.  Bugs  have  a  scutellum,  a  triangular  body 
area  between  the  bases  of  the  overlapping  forewings.  The 
mouthparts  are  modified  into  a  beak  for  piercing  and 
sucking. 

Order  Homoptera  (same  wing — aphids  and  scale 
insects).  This  name  is  not  a  very  good  guide,  because  some 
have  no  wings  (the  nonreproductive  generations)  and  others 
have  dissimilar  wings  (leaf  hoppers).  The  Homoptera  (fig. 
1-21)  share  certain  characteristics  with  the  Hemiptera 
(half-wings)  with  which  they  were  once  grouped.  They 
have  pierc  ng,  sucking  mouthparts  which  are  like  jointed 
tubes.  They  have  incomplete  metamorphosis. 

Order  Hymenoptera  (membrane  winged — antSy  bees, 
and  wasps).  Hymenoptera  (fig.  1-22)  are  distinguished 
from  most  other  insects  by  their  four  small  membranous 
wings  with  few  veins.  The  hindwings  are  smaller  than  the 
forewings.  The  mouthparts  are  suited  for  chewing  or 
lapping.  Many  species  have  the  apparent  first  segment  of 
the  abdomen  reduced  to  a  slender  waist,  as  in  the  ants.  The 
abdomen  joins  onto  the  thorax  by  a  narrow  waist,  or 
**petiole"  (PEE-tee-ole)  from  which  we  get  the  expression 
**wasp-waisted."  The  common  ant  is  an  immature, 
wingless  female  called  a  worker.  However,  the  mature 
male  and  some  female  ants  do  have  wings.  Some  wasps  do 
not  have  wings  (the  so-called  velvet  ants,  or  cow  killers)  but 
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Figure  1-20.  Order  Hemiptera,  a  bedbug. 


Figure  1-22.  Order  Hymenoptera,  a  wasp. 


are  hairy  and  have  infinitely  painful  stings.  Wasps, 
hornets,  mud  daubers,  and  bees  are  all  relatives  in  their 
order.  However,  only  the  immature  female  worker,  the 
queen  ant  or  queen  bee,  the  female  of  the  mud  dauber,  and 
the  carpenter  and  solitary  bees  can  sting.  This  is  made 
possible  by  modification  of  the  egg-iaying  apparatus  which 
forms  the  stinger.  The  Hymenoptera  are  the  most  beneficial 
of  all  insects,  only  a  few  being  harmful.  They  furnish  food 
for  human  and  pollination  for  fruit  and  grain  products. 

Order  Isoptera  (equal  winged — termites).  Termites  (fig. 
1-23)  in  the  immature  or  work  stages  or  in  the  soldier  caste 
do  not  have  wings,  but  the  mature  male  and  female  have 
identical  wings.  When  wings  are  present,  there  are  two 
pairs  which  are  membranous  with  reduced  venation,  and 
both  pairs  are  the  sam^  size  and  shape  They  have 
mouthparts  adapted  for  chewing  and  undergo  gradual 
metamorphosis. 
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Exercises  (206): 


Match  the  distinguishing  characteristics  in  column  B 
with  the  order  of  insects  thev  describe  in  column  A 


Column  A 

(I)  Anoplura. 
^(2)  Colcoptera. 

(3)  Dermaptera. 

(4)  Diptera. 

(5)  Hemiptern. 

(6)  Homoptera, 

(7)  Hymenoptcra. 

(8)  Isoptera, 


Column  B 

a.  This  order  has  piercing-sucking 
mouthparts  which  are  similar  to 
jointed  tubes.  Some  insects  in 
this  order  have  no  wings  while 
others  have  dissimilar  wings. 

b.  Small,  wingless,  glattened 
insects  with  mouthparts  usually 
retracted  within  the  head  and 
modilied  for  piercing  and  suck- 
ing. 

c.  Insects  in  this  order  are  wing- 
less in  the  adult  stage  and  have 
chewing  mouthparts.  Adults 
spend  their  entin^  life  on  animal 
hosts. 

d.  Two-winged  insects  with  hal- 
tcres  which  replace  the  second 
pair  of  wings,  and  mouthparts 
adapted  for  sucking  or  lapping. 

e.  This  order  of  insects  has  chew- 
ing mouthparts  that  may  be 
extended  into  a  snout.  The  front 
pair  of  wings  are  heavy  and 
shell-like,  and  the  hindwings 
are  membraneous  or  cello- 
phanelike and  fold  underneath 
the  forewings. 

f.  As  adults,  insects  in  this  order 
have  two  pairs  of  membraneous 
wings  which  are  identical  in 
length.  The  mouthparts  are 
adapted  for  chewing. 

g.  These  are  small  dark-colored 
insects  with  long,  narrow 
bodies  and  a  prominent  pair  of 
cerci  at  the  posterior  end.  They 
have  chewing  mouthparts  and 
relatively  short  antennae. 

h.  Distinguished  from  other 
insects  by  having  four  small 
membraneous  wings  with  few 
veins.  Hindwings  are  smaller 
than  forewings.  Mouthparts 
are  adapted  for  chewing  and 
lapping  and  in  many  species  the 
apparent  first  abdomenal  seg- 
ment is  reduced  to  a  slender 
waist. 

i.  This  order  includes  adult 
insects,  generally  with  two 
pairs  of  wings.  The  forewings 
are  diagonally  divided  into  two 
parts;  the  forepart  being  thick- 
ened, the  hindpart,  membrane- 
ous. This  order  has  a  scutellum 
and  mouthparts  modified  into  a 
beak  for  piercing  and  sucking. 


207.  Identify  various  orders  of  insects. 

Important  Orders  of  Insects  (Part  II).  The  lesson 
continues. 

Order  Lepidoptera  (scale  winged — butterflies  and 
moths).  Moths  (fig.  1-24)  and  butterflies  are  distinguished 
from  all  other  insects  by  their  large,  showy  wings.  The 
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Figure  1-23.  Order  Isoptera,  a  termite. 


wings  are  usually  completely  covered  with  very  small 
colored  scales  which  rub  off  as  a  fine  powder  when  the 
specimens  are  handled.  Mouthparts  eu'e  of  the  sucking  type, 
resembling  a  ceiled  watch  spring  beneath  the  head.  The 
larvae  are  caterpillars,  and  metamorphosis  is  complete. 

Order  Mallophaga  (wood  eater — chewing  lice).  Biting 
lice  (fig.  1-25)  are  external  parasites,  chiefly  on  birds 
(hence  one  name,  bird  lice)  although  a  few  live  on 
mammals.  They  are  wingless  and  have  chewing  mouthparts 
for  feeding  on  scales,  feathers,  hair,  or  oily  secretions  from 
the  skin.  The  eggs  are  glued  to  feathers  or  hairs,  and  the 
young  lice,  called  nymphs,  and  the  adults  spend  their  entire 
lives  on  the  host  animal.  Development  is  by  gradual 
metamorphosis. 

Order  Dictyoptera  (straight  winged — cockroaches).  The 
cockroaches  (fig.  1-26),  walking  sticks,  praying  mantids, 
and  other  species  belong  to  this  order  and  have  chewing 
mouthparts.  When  wings  are  present,  the  forewings  are 
thickened  and  leathery  and  have  a  net  venation,  while  the 
hindwings  are  folded  beneath  the  forewings  like  a  fan. 
Cockroaches  have  long  antennas  and  legs  modified  for 
running.  Their  bodies  are  flattened  from  top  to  bottom,  an 
adaptation  that  enables  them  to  hide  easily  in  cracks  or 
under  furniture.  These  primitive  insects  develop  through  a 
series  of  nymphal  stages  by  gradual  metamorphosis. 

Order  Psocoptera  (small  winged — psocids).  Psocids 
(fig.  1-27)  are  very  small,  soft-bodied  insects  which  may  or 
may  not  have  wings.  When  wings  are  present  they  may  be 
long  or  short,  depending  upon  specie,  and  normally  there 
are  two  pairs.  The  forewings  are  a  litde  larger  than  the 
hindwings.  When  this  insect  is  in  a  resting  position,  the 
wings  are  folded  back  in  a  rooflike  fashion  over  the 
abdomen.  Psocids  have  chewing  mouthparts  and  the 
metamorphosis  is  complete. 

Ord:r  Siphonaptera  (tube  and  wingless — fleas).  Fleas 
(fig.  1-28)  are  wingless  bloodsucking  parasites  on  birds  and 
mammals.  They  are  very  small,  and  their  bodies  are 
compressed  laterally  so  that  they  are  quite  narrow  from  side 
to  side.  The  head  bears  piercing-sucking  mouthparts  and 
antennas,  and  it  may,  or  may  not,  bear  a  pair  of  eyes.  The 
legs  are  well  developed  and  fitted  for  jumping.  Many 
species  have  black  combs,  or  ctenidia,  on  the  thorax  and 
head.  Fleas  go  through  complete  metamorphosis,  with  four 
life  stages:  the  egg,  a  wormlike  larva,  the  pupa  in  a  silken 
cocoon,  and  the  adult. 
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Figure  1-24.  Order  Lepidoptera,  a  grain  moth. 


Figure  1-27.  Order  Psocoptera,  a  psocid. 
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Figure  1-25.  Order  mallophaga,  a  biting  louse. 
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Figure  1-28.  Order  Siphonaptera,  a  flea. 
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Figure  1-26.  Order  Dictyoptera.  a  cockroach. 
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Order  Thysanoptera  (fringe  wing — thrips).  Thrips  (fig. 
1-29)  have  piercing-sucking  mouthparts  which  are  cone 
shaped.  The  wings  when  present  are  very  hairy,  which  give 
them  their  feathery  appearance;  there  are  two  pairs.  The 
metamorphosis  is  somewhat  complicated  in  that  their 
development  is  intermediate  between  gradual  and 
complete. 


Figure  1-29.  Order  Thysanoptera,  a  thrips. 

Order  Thysanura.  Silverfish  (fig.  1-30)  and  firebrats 
have  chewing  mouthparts,  scales  on  their  bodies,  and  three 
long  appendages  at  the  posterior  end  of  the  body.  The 
young  possess  the  obvious  structures  of  the  adults  and  differ 
from  them  chiefly  in  size,  color,  and  sexual  maturity. 
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Figiire  1-30.  Order  Thysanura,  a  silverfish. 

The  order  of  insects  just  described  do  not  represent  all  of 
the  insect  orders,  only  the  orders  of  the  more  common 
insects.  The  probability  of  your  coming  in  contact  with 
these  insects  makes  it  important  that  you  learn  to  identify 
them  individually  as  well  as  by  order. 

Exercises  (207): 

For  each  of  the  following  statements,  specify  which  order 
and  types  of  insects  are  described. 

I,  Insects  in  this  order  £ire  very  small,  wingless,  and 
psirasites  of  birds  and  mammals.  They  have  piercing- 
sucking  mouthparts,  their  bodies  are  compressed 
laterally,  and  their  legs  are  adapted  for  jumping. 


2.  This  order  of  insects,  described  as  being  very  small 
and  soft-bodied,  may  or  may  not  have  wings.  When 
present,  the  two  pairs  of  wings  are  folded  back  in 
rooflike  fashion  over  the  abdomen  when  in  a  resting 
position.  Mouthparts  are  adapted  for  chewing. 


3.  This  order  of  insects  has  chewing  mouthparts  with 
bodies  flattened  dorso-ventrally  and  legs  adapted  for 
running.  If  wings  are  present,  the  forewings  are  thick 
and  leathery  and  have  a  leaf  venation;  the  hingwings 
are  folded  beneath  the  forewings  like  a  fan. 


4.  This  order  includes  insects  with  cone-shaped, 
piercing-sucking  mouthparts.  When  wings  are  present, 
they  are  very  hairy  and  seem  to  be  feathery. 


5,  These  insects  have  chewing  mouthparts,  scales  on 
their  bodies,  and  three  long  appendages  on  the 
posterior  end. 


6.  This  order  contains  insects  that  are  wingless  in  the 
adult  stage  and  have  chewing  mouthparts.  Adults 
spend  their  entire  lives  on  host  animals. 


7.  This  order  can  be  distinguished  from  all  other  orders 
by  its  large,  showy  wings  which  are  usually  covered 
with  very  small,  colored  scales.  The  mouthparts  aic 
adapted  for  sucking  and  are  coiled  beneath  the  head. 


208.  Classify  distinguishing  characteristics  of  orders 
within  the  class  Arachnida. 

Important  Orders  of  Arachnids.  Although  there  are 
several  orders  in  the  class  Arachnida,  we  are  interested  in 
only  three:  Scorpionida  (scorpions),  Araneida  (spiders), 
and  Acarina  (ticks  and  mites). 

Order  Scorpionida  (scorpions).  Scorpions  (fig.  1-31)  are 
arachnids  with  the  segmented  abdomen  broadly  joined  to 
the  cephalothorax  and  ending  in  a  stinger.  The  long,  slender 
tip  of  the  abdomen  bears  a  stinger,  enclosing  a  venomous 
gland,  which  is  used  to  paralyze  prey  and  as  a  defensive 
weapon.  The  large  pincerlike  palps  used  to  catch  and  hold 
prey  are  borne  in  front  of  the  first  pair  of  legs. 

Order  Araneida  (spiders).  Spiders  (fig.  1-32)  differ  from 
Other  arachnids  in  having  the  cephalothorax  joined  to  the 
abdomen  by  a  slender  waist,  known  technically  as  a 
pedicel,  and  having  the  abdominal  segmentation  either 
indistinct  or  absent.  Spiders  are  generally  harmless  and 
serve  a  useful  purpose  in  destroying  flies,  mosquitoes,  and 
other  insects.  However,  some  species  of  Widow  spiders, 
which  have  an  hourglass  marking  on  the  underside  of  the 
abdomen  (genus  Latrodectus),  have  a  very  venomous  bite 
that  is  known  to  kill  people.  The  bites  of  spiders  in  the 
genus  Loxosceles  in  the  Americas  can  cause  skin  gangrene 
and  sometimes  death . 

Order  Acarina  (ticks  and  mites).  Ticks  and  mites  (fig. 
1-33)  have  the  head,  thorax,  and  abdomen  combined  into  a 
single  body  region,  and  are  often  saclike  in  form.  Most 


Figure  1-31 .  Order  Scorpionida,  a  scorpion. 
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Figure  1-32.  Order  Araneida.  a  spider. 


ticks  bear  a  hypostome  provided  with  recurved  teeth,  which 
is  used  as  a  holdfast  organ  after  the  mouthparts,  called 
chelicerae,  have  made  an  incision  into  the  flesh  of  most 
mammals,  birds,  reptiles,  and  amphibians  in  order  to  obtain 
blood.  Mites  are  usually  much  smaller  than  ticks,  and  the 
hypostome,  if  present,  is  not  armed  with  teeth.  Ticks  and 
mites  have  three  pairs  of  legs  in  the  first  or  larval  stage,  but 
typical  nymphs  and  adults  have  four  pairs  of  legs.  Next  to 
the  insects,  ticks  and  mites  are  the  most  important 
arthropod  vectors  of  human  diseases. 

Exercises  (208): 

1.  Match  the  proper  order  in  column  A  wit  adult 
characteristics  of  the  class  Arachnida  in  column  A. 

Column  A  .  Column  B 

  (1)  The    head,    thorax,    and  a.  Scorpionida. 

abdomen  are  combined  to  b.  Araneida. 

form  a  single  body  region.  c.  Acarina. 
 (2)  The  abdomen  is  segmented 

and  broadly  joined  to  the 

cephalothorax    and  ends 

with  a  stinger. 
  (3)  The  cephalothorax  is  joined 

to    the    abdomen    by  a 

slender  waist. 


1-3.  Arthropod  Physiology 

Physiology  is  the  branch  of  biology  that  deals  with  the 
functions  of  living  organisms  and  their  parts,  such  as  cells, 
organs,  and  tissues. 

Why  should  you  study  insect  physiology?  For  starters, 
because  life  processes  and  sensory  abilities  in  insects  are 
different  from  those  in  higher  animals.  Also,  today  there  are 
many  more  methods  of  pest  management  than  we  used  just 
a  few  years  ago — methods  that  attack  a  variety  of  the  pest's 
internal  systems.  By  being  mindful  of  these  systems  and 
processes,  you  can  design  better  control  programs  and  get 
better  results. 

209.  Identify  the  internal  structures  and  life  processes  of 
insects  and  state  the  functional  characteristics  of  their 
main  body  systems. 

Internal  Structures  and  Systems  of  Insects.  Insects 
have  all  the  major  body  systems  that  are  found  in  higher 
animals.  Insects  and  humans  differ  not  only  in  their  skeletal 
system  but  also  in  the  arrangement  of  their  major  internal 


organ  systems.  The  positions  of  the  **heart/'  or  chief 
circulatory  orgzin,  and  the  nervous  system  are  the  exact 
opposite  in  the  insect  and  in  man.  In  the  insect  the  **heart'' 
is  on  the  dorsal,  or  upper  side,  and  the  central  nerve  cord  is 
on  the  central,  or  underside.  In  man,  by  contrast,  the  heart 
is  on  the  central  side  and  the  main  nerve  cord  is  encased  in 
the  spinal  cord  on  the  back,  or  dorsal  side. 

The  circulatory  system.  The  insect  circulatory  system  is 
an  ''open"  one  in  the  sense  that  the  blood  is  not  enclosed  in 
blood  vessels  but  circulated  freely  through  the  body.  The 
blood  seeps  into  the  heart  or  dorsal  blood  vessel  through 
valves  (ostia)  and  is  pumped  into  the  head  region  through 
the  anterior  part  called  the  aorta  (fig.  1-34).  From  the  head 
region  the  blood  flows  backwiu-ds,  bathing  the  various 
tissues.  In  the  legs  and  antenna,  small  pulsating  organs  help 
circulate  the  blood.  Typically,  the  blood  is  colorless  or 
greenish  yellow.  In  only  a  few  insects,  such  as  the 
bloodworm  midge  larvae  (Chironomus),  does  the  blood 
have  a  reddish  color  due  to  hemoglobin.  The  blood  does  not 
beju-  oxygen  and  carry  off  carbon  dioxide  and  serve  as  a  part 
of  the  respiratory  system  as  in  the  higher  animals.  One  of  its 
main  functions  is  to  remove  waste  products  from  body  cells 
and  carry  them  to  the  malpighian  tubules.  Insect  blood 
contains  phygocytes  that  perform  the  usual  function  of 
destroying  foreign  matter  and  plugging  wounds  in  the  body 
wall. 

The  nervous  system.  The  insect  nervous  system  (fig,  1- 
35)  contains  nerve  tissues  and  organs  much  like  those  found 
in  the  higher  animals.  The  brain  lies  in  the  head  above  the 
esophagus  and  is  connected  to  the  subesophageal  ganglion 
by  two  nerve  cords  encircling  the  esophagus,  A  double 
nerve  cord  extends  backward  along  the  ventral  surface  of 
the  body  cavity.  In  primitive  insects  each  segment  of  the 
thorax  has  a  nerve  center  or  thoracic  ganglion.  They  also 
have  a  ganglion  (plural,  ganglia)  in  each  abdominal 
segment,  but  these  have  been  reduced  in  most  of  the  higher 
insects. 

The  respiratory  system.  Air  enters  the  insect  body 
through  spiracles,  or  external  openings  on  the  body  wall, 
into  large  tracheal  trunks  which  usually  extend  the  length  of 
the  body.  Many  tracheae  branch  off  these  -  in  trunks  ind 
carry  air  to  the  tissue  through  their  linely  branched 
tracheoles  (fig.  1-36). 
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Figure  1-33.  Order  Acarina,  a  tick. 
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Figure  1-34.  Insect  circulatory  system  (diagrammatic). 


THORACIC  GANGLIA 

Figure  1-35.  Insect  nervous  system  (diagrammatic). 


Respiratory  movements  of  the  insect  body  alternately 
compress  and  expand  the  large  tracheal  trunks,  thereby 
ventilating  the  main  branches  of  the  respiratory  system. 
Some  insects  are  able  to  regulate  the  flow  of  air,  taking  it  in 
through  anterior  spiracles  and  expelling  it  through  posterior 
spiracles.  Mosquito  larvae  breathe  air  through  two 
openings,  at  the  tip  of  the  air  tube  in  culicinc  or  on  a 
spiracular  plate  in  aneopheline  larvae. 

Oxygen  is  carried  to  all  parts  of  the  insect  body  by  these 
tracheal  tubes.  This  same  system  also  acts  to  carry  waste 
carbon  dioxide  from  the  body  tissues. 

The  respiratory  system  is  important  to  the  pest  control 
specialist  because  of  the  fact  that  some  dry  dusts,  which  are 
otherwise  nontoxic,  can  clog  up  the  spiracles  and  thus 
deprive  the  insect  of  necessary  oxygen.  Many  insecticides, 
particularly  those  used  as  fumigants,  are  also  actually 
diffused  into  the  insect  body  through  the  spiracles, 
permitting  internal  penetration  throigh  the  tracheae  and 
tracheoles. 

The  digestive  sysiem*  Insects  feed  on  a  variety  of  foods, 
such  as  blood,  animal  tissue,  stored  foods,  green  grass, 
plant  juices,  and  wood,  the  mouthparts  and  digestive 
system  are  adapted  to  changing  these  complex  foods  into 
simple  carbohydrates,  fats,  a"  '  at  will  nourish 


the  body  cells.  The  digestive  system  consists  of  an 
alimentary  canal,  which  is  basically  a  tube  running  from  the 
mouth  to  the  anus.  It  is  divided  into  a  foregut,  midgut,  and 
hindgut  corresponding  to  its  embryological  origin  (fig.  1- 
37).  The  food  taken  into  the  mouth  passes  through  the 
esophagus  to  the  crop,  which  is  an  enlarged  portion  of  the 
foregut  that  is  used  for  food  storage.  Some  insects  have  a 
proventriculus,  or  gizzard,  where  food  may  be  ground  into 
finer  particles.  The  food  then  passes  into  the  stomach,  or 
midgut,  where  digestion  takes  place.  The  undigested  food 
then  passes  out  through  the  intestine  and  anus  as  feces. 
Most  insects  have  salivary  glands  and  gastric  caeca  to 
provide  enzymes  for  food  digestion. 

The  excretory  system.  An  arthropod's  undigested  food  is 
expelled  from  the  body  as  feces;  whereas  the  excretions  of 
true  body  wastes,  the  byproducts  of  growth  and 
metabolism,  are  carried  by  the  blood  and  the  malpighian 
tubules  and  discharged  into  the  intestine  near  the  junction  of 
the  midgut  and  the  hindgut  (fig.  1-37). 

The  reproductive  system.  Most  insects  have  two  sexes, 
which  must  mate  before  eggs  are  produced.  An  insect 
usually  produces  large  numbers  of  eggs,  although  some 
species  produce  very  few  eggs  and  other  may  produce 
living  larvae.  Insects  laying  eggs  are  said  to  be  oviparous. 
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while  those  species  depositing  larvae  are  said  to  be 
larviparous.  The  Tsetse  fly,  for  example,  gives  birth  to 
larvae  already  full  grown  and  ready  to  pupate. 

A  few  insects  have  only  one  sex,  the  female,  which  can 
produce  young  without  fertilization  by  a  male,  as  in  the 
Surinam  cockroach.  This  type  of  reproduction  is  called 
parthenogenesis,  or  virgin  birth.  These  insects  are  not 
hermaphrodites,  since  no  male  organs  are  present. 

The  male  reproductive  system.  This  system  (fig,  1-38) 
consists  of  a  pair  of  testes  in  which  sperm  cells  are 
developed  and  ducts,  or  vas  deferens,  leading  to  the  penis 
or  ejaculatory  organ.  The  seminal  vesicle  .serves  as  a 
reservoir  for  storing  sperm  cells  until  mating  occurs.  The 
accessory  glands  secrete  a  liquid  substance  to  sen.'e  as  a 
vehicle  for  the  sperm  cells. 

The  female  reproductive  system.  This  system  (fig.  1-39) 
consists  of  a  pair  of  ovaries,  which  produce  eggs  (ovum), 
and  the  oviduct  through  which  the  eggs  pass  into  the 
vagina,  where  they  may  be  fertilized  by  male  sperm  cells 
stored  in  the  spermatheca  (or  sj)ermathecae).  Some  species 
have  accessory  glands  that  secrete  an  adhesive  coating  for 
the  eggs.  A  single  copulation  usually  supplies  the  female 
with  enough  sperm  to  fertilize  a  large  number  of  eggs, 
whether  she  lays  them  all  at  one  time  or  at  intervals  over  a 
long  period. 


The  skeletal  system.  We  have  mentioned  the  skeletal 
system  in  previous  sections  dealing  with  classification;  but 
at  this  point,  we  need  to  find  out  just  what  the  skeletal 
system  is  composed  of.  Because  of  the  role  it  plays  along 
with  the  muscle  system,  it  warrants  further  discussion. 

The  insect's  exoskeleton  (fig.  Ul)  is  the  supporting 
framework  for  the  outside  body.  The  exoskeleton  actually 
surrounds  the  body  of  an  insect.  This  exoskeleton  is 
composed  of  protein-carbohydrate  material  known  as  chitin 
(pronounced  KlT-en),  which  is  secreted  by  the  cells  of  the 
epidermis  or  skin.  The  chitin  is  first  a  liquid  when  secreted 
and  then  becomes  hardened,  which  forms  the  exoskeleton, 
it  will  not  bend  or  stretch  after  it  hardens  upon  secretion. 
The  adult  insect  body  is  only  capable  of  movement  because 
of  soft,  flexible  tissues  (intersegmental  membranes) 
between  the  body  segments. 

The  muscular  system.  The  insect's  muscular  system  is 
the  companion  of  the  skeletal  system.  It  allows  movement 
and  is  an  important  characteristic  of  animal  life.  The 
muscular  system  is  supported  by  and  attached  to  the 
exoskeleton  and  serves  to  move  the  appendages  of  the  body 
and  operates  the  organs  of  the  body  which  carry  on  the  life 
processes,  such  as  the  heart,  spiracles,  and  intestines. 


Figure  1-36.  Insect  respiratory  system  (diagrammatic). 
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Figure  1-37.  Insect  digestive  and  excretory  sysiem  (diagrammatic). 
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Figure  1-38.  Male  insect  reproductive  system  (diagrammatic). 
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Figure  1-39.  Female  insect  reproductive  system  (diagrammatic). 


Exercises  (209): 

1.  Match  the  organs  in  column  B  by  placing  the 
appropriate  letter  beside  each  function  in  column  A. 


Column  A 


helps 


(1)  An   insect  organ  that 
remove  body  waste. 

(2)  This  organ  allows  air  to  enter 
the  body. 

(3)  The  insect's  ncrv  center. 

(4)  The  organ  that  transfers  air 
throughout  the  insect's  body. 

(5)  An  organ  possessed  by  some 
insects  to  help  in  digesting 
food. 


Column  B 

Trachea. 

a.  Ganglion. 

b.  Spiracles. 

c.  Proventriculus. 

d.  Malpinghtan 
tubules. 

e.  Ostia. 


2.  Describe  the  type  of  circulatory  system  insects  have. 


3.  What  other  body  system  is  the  muscular  system  most 
dependent  upon? 


4.  Insects  that  reproduce  by  laying  eggs  are  called  what? 


5 .  What  is  the  term  for  the  type  of  reproduction  by  insects 
where  only  one  sex  is  involved? 


210.  Cite  characteristics  of  the  various  insect  senses. 

The  Senses  of  Insects.  Insects  have  the  same  senses  that 
are  associated  with  man.  There  are  the  five  primary  senses 
of  touch,  taste,  smell,  hearing,  and  sight  and  other  auxiliary 
senses  such  as  the  sense  of  balance  and,  possibly,  a  sense  or 
orientation. 

Touch,  Because  of  its  hardened  cuticle,  the  insect's  skin 
is  not  sensitive  to  contact.  The  sense  of  touch  is,  therefore, 
served  by  sensory  hairs  occurring  over  most  regions  of  the 
body.  Figure  1-40  compares  the  sensory  hair  with  an 
ordinary  hair,  illustrating  the  nerve  which  is  stimulated  if 
hairs  are  bent  or  distored. 

The  antennae,  or  feelers,  are  important  organs  of  touch. 
The  tarsi  and  cerci  are  important  organs  of  touch.  The  tarsi 
and  cerci  are  also  sensitive  to  contact,  and  insects  react  very 
quickly  to  pressure  on  these  organs. 

Taste  and  smell.  Chemical  stimuli  resulting  from  the 
presence  of  odors  and  substances  with  a  taste  are  usually 
perceived  by  small  rodlike  organs  projecting  from  the  body 
surface.  Taste  is  usually  perceived  by  the  mouth,  the 
mouthparts,  the  palps,  or  the  front  feet.  The  sense  of  smell 
is  localized  mainly  in  the  antennae,  although  palps  also  bear 
olfactory  organs.  The  sense  of  smell  is  highly  developed  in 
insects.  It  is  used  to  locate  food,  to  find  a  mate,  and  to 
locate  suitable  places  for  depositing  the  eggs. 

Hearing.  The  sense  organs  and  degree  of  sound 
preception  are  different  among  insect  groups.  Insects  do  not 
generally  respond  to  miscellaneous  sounds  but  only  to 
specific  noises,  such  as  sounds  made  by  the  opposite  sex. 
This  may  be  due  to  discrimination  by  the  insect  rather  than 
to  the  lack  of  sound  perception,  Sound  waves  may  be 
picked  up  by  fine  sensory  hairs  or  by  special  organs  such  as 
the  auditory  drum  that  appears  on  the  side  of  the  abdomen 
or  the  lower  part  of  the  front  legs.  Flies  and  mosquitoes  are 
believed  to  hear  by  means  of  a  cuplike  organ  on  the  second 
antennal  segment  which  responds  to  sound  waves  picked  up 
by  the  rest  of  the  antennae. 

Sight.  The  principal  organs  of  sight  are  the  compound 
eyes  and  ocelli.  Fly  maggots  do  not  have  eyes  but  are  able 
to  detect  the  presence  of  light  by  means  of  sensitive  tissue 
underlying  the  cuticle.  This  sense  is  of  value  to  the  mature 
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Figure  1-40.  Insect  ordinary  and  sensory  hairs. 


behavior  arises  from  responses  to  simpic^  stimuli  such  as 
light,  heat,  gravity,  hunger,  and  smelK 

The  only  animals  that  can  tly  are  birds,  bats,  and  insects. 
The  ability  to  tly  enables  insects  to  escape  many  of  their 
enemies,  to  locate  their  food,  to  find  their  mates,  and  to 
populate  the  eanh.  Insects  such  as  the  grasshopper  have 
extremely  strong  muscles  devoted  to  flight.  The  tlight 
muscles  of  the  housefly  comprise  10  percent  of  the  body 
weight.  They  activate  the  wings  indirectly  by  distortion  of 
the  body  walL  Housefly  wings  often  vibrate  at  the  rate  of 
about  200  strokes  per  second.  In  one  cycle  they  beat 
downward  and  forward  and  then  turn  vertically  with  edge 
uppermost  and  move  backward.  Some  insects  are  able  to 
hover  and  even  fly  backward. 

Exercises  (210): 

1 .   Insect  antennae  give  some  sense  of  touch,  but  the  main 
sense  they  give  is  that  of  . 


Special  hairs  on  most  regions  of  the  insect  body 

provide  the  sense  of  and 

also  aid  in  the  sense  of 


maggot  when  it  leaves  its  feeding  site  and  burrows  into  the 
ground  to  pupate. 

The  compound  eyes  and  facets  are  provided  with  nerves 
which  transmit  stimuli  to  the  brain.  Insects  can  perceive 
movements  very  readily,  and  visual  powers  usually  vary 
according  to  the  demands  made  on  them  by  the  habits  of  the 
insect.  Laboratory  tests  have  proved  that  insects  are  able  to 
distinguish  colors,  whereas  some  of  the  higher  animals, 
such  as  rats,  are  color  blind.  The  insect  can  neither  move  its 
eye  nor  focus  them.  However,  the  praying  mantid  can  rotate 
its  head  180°  and  is  thought  to  have  a  good  sense  of  vision. 

There  is  some  speculation  that  insects  are  able  to  reason. 
Although  there  is  no  proof  that  can  substantiate  this,  many 
of  their  complex  instinctive  actions  simulate  the  results  of 
reasoning.  For  example,  a  wasp  deposits  an  egg  upon  a 
spider  that  has  been  paralyzed  by  a  deft  sting  in  one  of  the 
main  nerve  centers.  The  spider  is  then  buried  in  a  small 
cavity  in  the  ground  and  covered  with  earth  where  the  egg 
incubates.  The  wasp  then  uses  a  large  grain  of  sand  as  a 
hammer  to  tramp  the  earth  over  her  nest. 

Insect  behavior  appears  to  be  a  series  of  reflex  actions  or 
automatic  responses  to  certain  stimuli.  Most  insects  feel 
secure  if  their  feet  are  touching  the  ground  or  some  solid 
object.  Some  bugs  and  beetles  turned  over  on  their  backs 
will  struggle  violently  to  regain  their  feet;  but  their 
struggles  cease  if  they  are  given  a  small  object  to  hold.  The 
honeybee  is  able  to  return  to  its  hive  by  orienting  its  flight 
according  to  the  declination  of  the  sun.  It  p>erforms  a  dance 
in  the  hive  which  indicates  to  other  worker  bees  the  location 
of  flowers  with  nectar  in  relation  to  the  declination  of  the 
sun  and  the  distance  from  the  hive.  Despite  these  complex 
instinctive  actions,  it  is  believed  that  virtually  all  insect 


3.   Insects  can  rotate  and  focus  their  eyes.  (True/False) 


4.   Insect    skin    provides    for   their   sense    of  touch. 
(True/False) 


5.  Small  rodlike  organs  that  project  from  the  body  surface 
provide  the  sense  of   . 


6.  Smelling  in  insects  is  used  to  locate  food,  find  a  mate, 
and      also      to      find      suitable      places  for 


7.   Unlike     people.  insects 
movements  with  their 


can     readily  perceive 


It  is  believed  that  virtually  all  insect  behavior  arises 
from  responses  to  . 
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CHAPTER  2 


Pest  Management  Planning  and  Coordination 


AS  AN  AIR  FORCE  pest  manager,  you  must  understand 
how  to  plan  and  coordinate  effective  pest  management 
prograniS.  Planning  effective  programs  involves  many 
aspects  most  people  don't  consider.  Pest  management 
programs  must  be  effective,  practical,  and  safe.  This 
chapter  will  explain  the  procedures  you  can  use  to  plan 
effective  and  safe  pest  management  programs  and  will 
identify  organizations  and  agencies  that  may  be  involved  in 
pest  management  with  whom  you  should  coordinate. 

2-1.  Surveying  and  Collecting  Pests 

The  first  step  in  the  pest  management  planning  phase  is  to 
conduct  pest  surveys.  These  are  necessary  to  detect  actual 
or  potential  breeding  sources  of  pests  so  you  can  prepare 
recommendations  for  the  prevention  or  elimination  of  such 
sources.  Such  surveillance  involves  operating  light  traps; 
locating  and  mapping  breeding  sources;  and  making  biting 
and  landing  counts,  resting  station  collections,  population 
estimates,  and  sanitary  inspections.  The  proper  handling, 
packaging,  and  submitting  of  specimens  to  designated 
laboratories,  in  a  condition  which  will  allow  identification 
and  isolation  of  disease  agents,  is  often  required.  This  is 
particularly  important  in  the  detection  of  vector  agents  that 
might  be  used  in  biological  warfare  attack. 

In  this  section,  you  will  learn  the  types  of  surveys,  when 
and  how  the  surveys  are  conducted,  information  gained 
from  conducting  surveys,  and  pesi  collection  methods  and 
equipment. 

211.  List  the  types  of  pest  surveys,  state  the  purposes  for 
surveying,  and  select  methods  of  surveying  for  given 
pests. 

Pest  Surveys.  After  you  complete  this  objective  you'll 
understand  why  pest  surveys  are  important,  and  you'll 
know  the  types  of  surveys  you  use  and  what  you  should 
look  for  in  them . 

Why  survey?  Even  though  getting  out  and  looking  for 
flies,  rodents,  and  other  pests  may  not  be  your  idea  of  a 
good  time,  there  are  some  sound  reasons  for  conducting  and 
recording  results  of  surveys.  You  can  detect  population 
shifts  more  easily  and  thereby  concentrate  your 
management  efforts  in  areas  where  they're  needed  the 
most.  Nonchemical  controls  can  be  applied  more 
effectively  because  you  have  more  precise  knowledge  of 
what  problems  exist  and  where  they're  located.  And,  of 
course,  chemical  controls  work  better  for  the  same  reasons. 

Have  you  ever  encountered  somebody  who  thought  that 
"spraying"  was  the  answer  for  every  pe*     rem  ants  *o 


skunks?  If  you  haven't,  you  will.  If  you  have,  then  you  can 
readily  appreciate  how  good  survey  records  can  help  you 
educate  people  and  gain  support  from  higher  base  officials 
and  residents. 

Sooner  or  later,  most  pest  n  anagers  run  into  a  very 
complex  pest  problem  and  must  consult  with  a  command 
pest  management  professional  or  others  on  how  to  handle 
the  situation.  Coming  to  a  solution  can  be  much  easier  and 
quicker  if  you've  collected  and  documented  all  the 
information  relevent  to  the  problem. 

Finally,  you  can  use  survey  information  to  plan  ahead — 
determine  schedules  and  order  necessary  pesticides  and 
supplies — in  anticipation  of  seasonal  problems. 

Types  of  surveys,  T  here  are  two  basic  types  of  surveys, 
each  determined  mainly  by  when  you  conduct  it. 

Basic  survey.  The  basic  survey  is  the  first  one  you  make 
before  you  plan  your  pest  management  program.  It's  the 
only  thing  you're  doing  at  that  time.  The  scope  of  a  basic 
survey  can  vary.  You  may  be  making  your  first  detailed 
tour  of  a  new  base,  or  you  might  be  concentrating  on 
specific  areas  you've  surveyed  before.  Either  way,  it's  still 
a  basic  survey. 

Of  course,  you  need  some  specific  goals  in  mind  as  you 
perform  your  basic  surveys.  Ask  yourself  these  questions  as 
you  go  along: 

(1)  Is  there  a  prevalence  of  beneficial  or  detrimental 
plants  and/or  animals  in  the  area? 

(2)  What  are  these  beneficial  or  detrimental  features? 

(3)  What  conditions  are  helping  oests  establish 
themselves  in  the  area? 

(4)  If  there  is  no  current  pest  problem,  what  condition 
could  result  in  future  pest  infestations? 

After  you've  answered  these  questions  sufficiently, 
analyze  the  information  to  decide  what  type  of  pest 
management  program  you  should  start.  What  preventive 
measures  can  you  take?  What  corrective  controls  are  the 
safest  and  most  effective?  Do  you  have  the  resources 
needed  to  do  the  job? 

Operational  survey.  If  a  basic  survey  is  preparatory  in 
nature,  then  logically,  an  operadonal  survey  is  one  you  use 
as  your  control  program  is  being  conducted.  Operational 
surveys  are  vital  to  the  safety  and  efficiency  of  your 
program.  They  can  help  you: 

(1)  Obtain  new  information  about  the  questions  you 
asked  during  the  basic  survey. 

(2)  Identify  unsafe  or  improper  conditions  that  could 
prevent  you  from  taking  control  measures. 

(3)  Make  sure  you  adequately  treat  the  facility  or  area 
during  your  operations. 
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(4)  Identify  any  undesirable  side  effects  of  your  program. 

(5)  Determii  e  if  your  program  met  its  objective  at  the 
end  of  your  operations. 

If  your  program  didn't  do  the  job  adequately,  or  if  it  had 
side  effects,  study  the  situation  more  carefully  and  consider 
getting  help  from  other  sources. 

Survey  methods.  You  can  conduct  pest  surveys  in  many 
ways,  depending  upon  the  pest  you  want  to  survey  for  and 
the  information  you  want  to  get.  Here  are  six  basic  pest 
survey  methods. 

Visual  inspection.  Visual  inspections  are  useful  for 
checking  conditions  that  exist  on  base  and  areas  close  to 
base  property.  You  can  check  for  sanitary  conditions;  low- 
lying  areas  that  retain  water;  rodent  runways,  gnawings, 
and  droppings;  artificial  containers  that  hold  water;  interior 
walls  for  cockroach  and  fly  feca)  material;  structures  for 
termites,  fungi,  and  wood  borers;  and  ornamental  shrubs, 
trees,  and  grasses  for  unusual  coloring  or  damage. 

Trapping.  Trapping  is  a  survey  method  that  is  used 
principally  for  collecting  mosquitoes,  omamental  and  turf 
posts,  and  rodents.  Use  trapping  to  collect  live  specimens  to 
determine  if  they  are  carrying  diseases,  or  to  collect 
specimens  simply  for  determining  identity  and  prevalence 
of  certain  pests. 

Dipping.  Dipping  is  used  to  conduct  mosquito  larval 
surveys.  Since  all  mosquitoes  develop  in  water,  bodies  of 
water — small  or  large — can  be  dipped  near  the  edges  to 
locate  breeding  areas  before  mosquitoes  become  adults. 

Skimming.  Skimming  is  another  survey  method  usee?  for 
certain  mosquito  larvae.  This  mc^thod  is  used  for  detecting 
mosquito  species  that  lie  parallel  to  the  water  surface. 

Biting  and  landing  counts.  Biting  and  landing  count 
surveys  are  used  for  sampling  populations  of  flies  and 
mosquitoes.  When  performing  these  surveys,  conduct  them 
at  the  same  time  of  day,  for  the  same  period  of  time,  and 
using  the  same  subject.  The  subject  may  be  human  or  other 
animal,  and  in  the  case  of  nonbiting  flies,  dead  baits  may  be 
used. 

Probing.  Probing  is  used  to  detect  damage  caused  by 
structural  pests  such  as  termites,  fungi,  and  wood  borers. 
This  method  can  also  be  used  for  taking  random  samples  of 
packaged  stored  foods  for  the  detection  of  stored  food  pests. 

Remember,  these  are  not  all  of  the  pest  survey  methods, 
but  these  are  the  methods  used  most  often.  Other  survey 
methods  will  be  discussed  later,  along  with  discussions 
concerning  specific  pests. 

Exercises  (211): 

1.  What  advantages  are  offered  by  conducting  and 
maintaining  records  of  pest  surveys. 


2.  What  are  the  two  main  types  of  surveys? 


3.   State  two  rcasoi..>  I'or  conducting  basic  surveys 


4.   What  are  three  reasons  tor  conducting  operational 
surveys? 


What  type  of  survey  is  used  for  taking  random  samples 
of  stored  ioods  to  detect  stored  food  pests? 


6.   To  detect  mosquito  larvae  lying  parallel  to  the  water 
surface »  which  survey  method  should  you  use? 


7,   Which  survey  method  helps  you  determine  the  identify 
and  prevalence  of  ornamental  and  turf  pests? 


212.  State  the  purposes  for  collecting  pests  and  list 
collection  methods  and  equipmenf  required  for 
collecting  identified  pests. 

Pest  Collection.  Pest  collection  and  survey  methods  are 
most  generally  accomplished  together,  but  your  purpose 
and  methods  may  be  somewhat  different. 

Why  collect  pests  Specific  information  of  medically 
important  pests  is  often  very  useful,  and  in  many  cases, 
most  essential  in  determining  the  management  technique 
you  should  use  in  their  control.  Since  there  are  many 
different  species,  exact  determination  of  a  specimen 
frequently  requires  a  specialist.  The  collection  and 
processing  techniques  you  use  will  depend  upon  whether 
your  purpose  is  to  monitor  and  identify  vectors  or  to  detect 
and  identify  disease  agents.  In  the  latter  case,  live  samples 
must  be  forwarded,  after  special  processing,  to  an 
appropriate  detection  and  identification  laboratory.  Bear  in 
mind,  living  specimens  can't  always  b^  sent  in  the  mail. 

How  to  collect  pests.  You  can  collect  pests  in  many 
ways,  and  there  is  a  variety  of  equipment  you  may  use; 
however,  this  text  will  only  discuss  the  most  common 
methods  and  equipment. 

Trapping.  Trapping  is  an  effective  way  to  collect  adult 
insects  such  as  mosquitoes,  flies,  and  omamental  and  turf 
pests;  and  for  collecting  cockroaches,  rodents,  predatory 
animals,  and  birds.  Traps  may  be  used  for  collecdng 
specimens  that  must  be  kept  alive  for  research  or  for 
collecting  specimens  simply  for  identification,  determining 
the  quantity  present  within  an  area,  or  for  preservation. 
Trapping  can  be  done  by  using  various  types  of  light  traps, 
such  as  the  communicable  disease  center  miniature  light 
trap  (fig.  2-1),  black  light  trap  (fig.  2-2),  and  the  American 
light  trap  (figs.  2-3  and  2-4).  These  traps  are  mainly  used  at 
night  so  the  light  will  attract  certain  night-flying  insects, 
such  as  most  species  of  mosquitoes  and  many  omamental 
and  turf  pests. 
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Figure  2-1 .  Communicable  disease  center  miniature  light  trap. 


Cage  traps  of  various  sizes  are  used  for  collecting  live 
specimens  such  as  flies,  mosquitoes,  rodents,  predatory 
animals,  and  birds.  Most  generally,  cage  traps  are  baited 
with  decaying  matter,  live  animals,  or  carbon  dioxide  to 
attract  desired  specimens.  Cage  traps  are  especially 
beneficial  for  collecting  specimens  that  must  be  kept  alive 
for  research  and  collecting  ecotoparasite  hosts.  Figures  2-5, 
2-6,  2-7,  and  2-8  illustrate  the  vexious  types  of  cage  traps. 

Use  open-mouthed  jar  traps  to  collect  crawling  pests  such 
as  cockroaches  and  pests  of  lawns.  These  traps  are  usually 
baited  to  attract  pests.  Once  the  pests  have  entered  the  jar, 
exit  is  prevented  by  an  oil  coating  which  you  should  apply 
around  the  inner  surface  of  the  jar  lid.  Jar  traps  used  in 
lawns  should  be  buried  with  the  jar  lip  level  with  the 
surface. 

Dipping  and  skimming.  Dipping  and  skimming  are  two 
methods  used  to  collect  mosquito  larvae.  This  is  done  with 
a  standard  dipper.  To  help  you  identify  types  of  larvae,  the 
dipper  should  be  white  porcelain,  and  it  should  have  an 
extension  handle.  Figure  2-9  illustrates  the  dipper  with  an 
extension  handle. 

Biting  and  resting  station  collections.  Biting  and  resting 
station  collection  methods  are  conducted  by  using 
aspirators  and  killing  tubes.  An  aspirator  is  constructed 
from  a  section  of  plastic  or  glass  tubing  about  12  inches 
long  with  an  inside  diameter  of  about  3/8  inch.  One  end  of 
the  tube  is  covered  with  a  fine  wire  screen  and  then  inserted 
into  a  piece  of  rubber  tubing  2  to  3  feet  long.  The  aspirator 
is  illustrated  in  figure  2-10.  The  aspirator  is  used  for 
collecting  small  flying  insects  (as  they  are  biting  or  resting) 
by  placing  the  end  of  the  rubber  tubing  in  your  mouth  and 


placing  the  end  of  the  glass  tubing  over  the  insect  and 
sucking  in  a  quick  breath.  Once  the  insect  has  been  sucked 
into  the  glass  tube,  remove  the  glass  tube  and  place  your 
finger  over  the  end.  The  specimen  can  now  be  emptied  into 
a  killing  tube  and  later  transferred  into  a  pillbox.  Killing 
tubes  (fig.  2-11)  are  constmcted  from  glass  vials  about  6 
inches  long  and  1/2  inch  in  diameter.  The  bottom  of  the  vial 
is  filled  with  chopped  rubberbands  1  inch  deep.  Then  a 
perforated  plastic  disc  is  placed  into  the  vial  directly  on  top 
of  the  shredded  rubber.  Cotton  is  then  placed  on  top  of  the 
disc,  and  a  second  perforated  disc  slightly  larger  than  the 
vial  diameter  is  placed  on  top  of  the  cotton.  The  vial  is 
charged  by  pouring  chloroform  into  the  vial  level  with  the 
top  of  the  rubber.  The  vial  is  stoppered  with  a  cork.  Insects 
are  collected  by  removing  the  stopper  and  placing  the  open 
end  over  the  specimen  as  it  is  biting  or  restinc  Hold  the  vial 
over  the  specimen  until  the  specimen  relaxes  and  falls  into 
the  tube,  then  stopper.  The  specimen  can  later  be 
transferred  to  pill  boxes. 

Cloth  drags.  Cloth  drags  (fig.  2-12)  are  used  to  collect 
ticks.  A  piece  of  white  flannel  cloth,  1  yard  wide  and  IV2 
yards  long,  is  attached  to  a  rod,  1  yard  long,  and  dragged 
along  trails  for  a  few  yards.  The  cloth  is  then  inspected,  and 
ticks  that  have  become  attached  to  the  cloth  are  removed 
with  tweezers  and  placed  in  vials  of  70  percent  alcohol. 

Combing,  brushing,  swirling,  and  picking.  Combing, 
brushing,  swirling,  and  picking  are  effective  methods  of 
collecting  ectoparasites  (fleas,  lice,  ticks,  and  mites)  from 
rodents,  predatory  animals,  and  domestic  animals. 

CAUTION:  Always  wear  laboratory  gloves  while  using 
this  collection  method. 
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Figure  2-2.  Black  light  trap. 


Ectoparasite  hosts  must  be  trapped  in  cage  traps  so  they 
don't  die.  If  the  host  dies,  ectoparasites  will  leave  as  soon 
as  the  host  body  temperature  cools.  Once  the  host  is  trapped 
it's  removed  and  anesthetized  (temporarily  put  to  sleep)  or 
killed.  If  combing  or  brushing  methods  are  to  be  used, 
immediately  pick  the  animal  up  by  the  tail  and  hold  it  over  a 
pan  and  begin  brushing  or  combing  with  downward  strokes. 

NOTL:  The  ectoparasites  will  not  jump  or  crawl  out  of 
the  pan  because  they  are  anesthetized  too.  Once  the 
ectoparasites  have  been  removed,  they  are  transferred  from 
the  pan,  using  a  small  art  brush  or  applicator  stick,  to  vials 
of  alcohol.  This  collection  method  is  illustrated  in  figures 
2-13  and  2-14. 

Pick  ectoparasites  from  anestlietized  hosts  (fig.  2-15)  by 
using  tweezers  and  drop  ectoparasites  into  vials  of  alcohol. 


This  is  the  only  method  that  can  bo  used  for  removing  ticks 
and  sticktight  tleas. 

Collecting  ectoparasites  by  swirling  is  accomplished  j^y 
placing  the  anesthetized  host  into  ajar  or  tub  that  contains  a 
warm  soap-water  solution  and  swirling  through  the 
solution.  After  this  has  been  accomplished,  remove  the  host 
and  slowly  pour  the  solution  through  filtering  paper.  Then 
transfer  ectoparasites  from  the  filter  to  vials  of  alcohol. 
Figures  2-16  and  2-17  illustrate  the  swirling  method  of 
collection. 

Diggir^g^  Digging  is  used  mainly  to  collect  ornamental 
and  turf  pest's  larvae  and  fly  larvae.  This  is  done  by  digging 
the  soil  in  suspected  nreas.  Embed  the  entire  length  of  the 


Figure  2-3.  American  light  trap. 
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Figure  2-4.  American  light  trap  (exploded  view). 
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State  the  primary  purpose  for  using  live  collection 
methods. 


Using  information  in  the  text,  list  the  method  or 
methods  and  equipment  used  to  collect  identified 

pests. 


Figure  2-5.  Carbon  dioxide  trap, 

shovel  blade  into  the  soil  several  times  lo  form  a  circle  and 
remove  the  loosened  clod.  Pull  the  clod  apart  (as  though 
looking  for  earthworms)  and  inspect  for  grubs  (beetle 
larvae)  or  maggots  (fly  larvae). 

Exercises  (212): 

! .   State  two  reasons  given  in  the  text  for  collecting  pests. 


Pest 

a.  Mosquitoes  (adult). 

b.  Ticks. 

c.  Flics  (adult). 

d.  Mosquitt>cs  (larvae). 

c.  Fleas. 


Cniiection 
Method 


(1) 


(2) 
(I) 
(2) 
(I) 
(I) 
(2) 
(1) 
(2) 
(3) 
(4) 


Collection 
Equipment 


(a)  _ 

(b)  _ 
(i»)_ 
(a)_ 
(a)_ 
(a)_ 
(a). 
(a)_ 
(a)_ 
(a)_ 
(a) 
(a) 
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Figure  2-6.  Fly  cone  trap. 


Figure  2—1.  Live  animal  trap. 


2-2.  Identifying  and  Preserving  Pests 

In  reading  Chapter  1  you  learned  that  insects  belong  in 
the  animal  kingdom  and  that  they  are  divided  into  major 
groups.  Obviously,  there  are  many  characteristics  used  to 
place  arthropods  into  a  particular  class  and  order,  but  it 
doesn't  stop  here.  You  must  be  able  to  take  a  specimen  and 
classify  it  as  to  family,  genus,  and  species. 

To  fully  understand  this  section,  you  must  be  very 
familiar  with  the  illustrations  provided  in  Chapter  1, 
Section  1-2  (Arthropod  Morphology),  so  you  will  be  able  to 
recognize  terminology  applied  to  the  various  regions  of  the 
anatomy  and  appendages  of  arthropods. 

General  appearance,  spot  characters,  and  identification 
keys  are  the  three  general  methods  used  in  identifying 
arthropods. 

The  process  of  identification  using  the  general 
appearance  method  simply  means  knowing  a  specimen  by 
sight.  This  requires  extreme  knowledge  and  practice. 

When  using  the  spot  character  approach,  you  recognize 
certain  characteristics  that  are  common  to  a  particular 
species;  however,  this  method  is  not  very  reliable  because 
other  species  may  be  very  similar.  This  approach  may  be 
used  in  placing  a  specimen  in  its  order. 

This  section  describes  the  types  of  keys  used  in  the 
process  of  identification,  use  of  identification  keys,  use  and 
maintenance  of  microscopes,  and  methods  for  preserving 
and  maintaining  specimens. 

213,  Identify  the  two  types  of  identification  keys  and  use 
keys  to  list  the  steps  followed  In  identifying  specified 
pests. 

Identification  Keys.  You  can  accurately  identify  pests 
only  if  specimens  have  been  collected  carefully  and 
undamaged;  in  addition,  you  must  thoroughly  know 
arthropod  structures  and  you  must  have  complete  sets  of 
identification  keys.  This  objective  is  devoted  to  making  you 
aware  of  common  types  of  identification  keys,  explaining 
their  use,  and  enabling  you  to  use  them  properly. 

In  most  situations,  identification  with  family,  genus,  and 
species  requires  the  use  of  a  microscope  (discussed  later),  a 
good  set  of  keys,  and  a  specimen  that  is  properly  mounted 
and  in  very  good  condition. 
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Figure  2-8.  V-drop  bird  trap. 
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Figure  2-9.  Dipper  for  collecting  mosquito  larvae. 
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Figure  2-15.  Picking  ectoparasites. 
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Figure  2-13.  Combing  forextoparasites, 
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Figure  2-14.  Transferring  extoparasites. 


CF-.038 
Figure  2-16.  Swirling  for  ectoparasites. 


After  you  have  had  experience  in  identification,  you  will 
most  likely  establish  a  preference  as  to  the  type  of  key  most 
suitable  for  your  use.  There  are  two  basic  types  of  keys 
commonly  used  (dichotomous.  or  couplet,  and  pictorial), 
and  each  has  its  own  merits.  Identification  keys  work  by 
using  a  process  of  elimination  in  which  the  number  of 
possibilities  is  gradually  reduced.  When  making 
identification  you  should  keep  in  mind  that  a  key  does  not 
positively  pruve  anything;  it  only  suggest  possibilities. 
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Figure  2-17.  Filtering  of  ectoparasites. 


Dichotomous  or  couplet  keys.  Dichotomous  or  couplet 
keys  are  so  named  because  they  provide  two  alternatives 
from  which  to  choose.  Using  dichotomous  or  couplet  keys 
(both  are  same  type),  you  must  begin  with  couplet  1,  which 
will  give  you  two  choices  as  illustrated  in  example  1 .  In  this 
example  you  must  make  a  choice  between  the  number  and 
type  of  wings  the  specimen  has. 

Example  I :  Couplet  J 

1 .  Two  pairs  of  membranous  wings   2 

Only  one  pair  of  membranous  wings »  the  other  pair  being  either 
hardened  into  wing  cases »  or  absent  -29 

In  this  situation,  assume  that  your  specimen  has  two  pairs 
of  membranous  wings,  so  couplet  1  tells  you  to  proceed  to 
couplet  2.  If  the  second  choice  had  been  correct  then  you 
would  have  proceeded  to  couplet  29,  skipping  couplets  2 
through  28. 

To  continue  the  identification  process  using  dichotomous 
keys,  another  example  is  given  using  couplet  2.  Observe 
example  2,  couplet  2»  and  study  its  relation  to  example  1, 
couplet  1. 

Example  2:  Couplet  2 

2.  Forewings  and  hindwings  alike   3 

Forewings  and  hindwings  different  18 

Continuing  the  case  situation,  assume  that  your  specimen 
has  forewings  and  hindwings  alike.  From  information 
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contained  in  example  2»  couplet  2,  you  now  know  that  you 
should  proceed  to  couplet  3,  since  your  specimen  does  not 
have  different  forewings  and  hindwings.  This  same  process 
of  elimination  between  two  choices  continues  until  you 
reach  the  final  identification. 

To  recognize  when  identification  is  complete,  another 
example  is  provided.  Up  to  this  point,  you  have  identified 
your  specimen  fiom  couplets  1  and  2  as  having  two  pairs  of 
membranous  wings  and  both  pairs  of  wings  are  alike. 
Referring  to  your  case  situation,  assume  that  after  reading 
couplet  3,  it  was  determined  that  you  must  proceed  to 
couplet  35.  Finding  couplet  35,  illustrated  in  example  3, 
you  have  a  different  situation. 

Example  3:  Couplet  35 

35.  Abdomen  with  forcccps  Karwig 

Abdomen  without  forcccps  Beetle 

Assuming  that  your  specimen  has  an  abdomen  with 
foreceps,  you  realize  that  it  is  an  earwig.  Identification  is 
now  complete.  However,  if  your  specimen  had  an  abdomen 
without  foreceps  it  would  have  been  identified  as  being  a 
beetle  according  to  the  example.  Naturally,  there  arc  many 
beetle  species,  so  you  would  have  to  obtain  identification 
keys  that  pertain  to  the  appropriate  order,  which  is 
Coleoptera. 

Now  that  you  have  seen  how  dichotomous  keys  are  used, 
take  a  look  at  another  type  of  identification  key. 

Pictorial  keys.  These  are  keys  that  give  illustrations 
showing  specific  points  of  interest  and  comparisons  of 
various  pests.  This  type  of  key  is  preferred  by  many 
individuals  and  is  probably  more  simple  to  use  by  the  less 
experienced  person. 

At  the  top  of  each  pictorial  key  there  are  two  or  more 
statements  with  accompanying  illustrations  that  show 
exactly  what  the  statements  are  referring  to;  of  course,  only 
one  of  the  statements  will  apply  to  the  specimen  being 
identified.  A  typical  pictorial  key  is  illustrated  in  figure  2- 
18;  however,  this  key  has  been  modified  with  the  addition 
of  capital  letters  at  the  top  and  small  letters  on  the  left  side 
to  reflect  a  grid  situation.  This  modification  is  designed  to 
better  illustrate  its  use. 

Before  you  begin  to  utilize  the  pictorial  key  provided  in 
figure  2-18,  read  case  situation  2-1.  This  case  situation 
provides  you  background  information,  and  it  describes  the 
specimen  to  be  identified. 

Case  Situation  2-1 

The  specimen  you  are  identifying  has  already  been  identified  with  its  order, 
and  it  has  been  determined  that  the  specimen  is  a  fly.  The  next  step  is  to 
determine  the  genus  and  specie  of  the  fly.  Your  specimen  has  a  dull  thorax 
and  a  shiny  abdomen  as  observed  through  the  microscope. 

In  order  to  identify  your  fly  specimen,  refer  to  figure  2- 
18  and  read  each  of  the  three  statements  provided  across  the 
top  directly  above  each  of  the  three  files.  When  you  have 
found  the  statement  that  describes  your  specimen,  the 
identification  of  your  specimen  should  be  complete  because 
square  B-a  identifies  your  specimen  as  to  genus  and  specie. 

Now,  using  case  situation  2-2  and  figure  2-18  test  your 
skill  in  using  the  pictorial  key  once  more. 


thorai  dull,  abdomen  dull 


"F 


thorai  dull,  abdomen  shiny 


Calltphora  ! 
Cynomyops 
BLUE  BOTTLE 


thorax  shiny,  abdomen  shiny 


5pp. 
FLIES 


(smallb(l/5  inch  long) 
4  thoracic  stripes,  indistinct 


medium-size  (abought  1/4  inch  long^ 
4  thoracic  stripes,  often  indistinct 


HOUSE  FLIES 


 1 

large  (usually  over  1/3  inch  long) 
3  distinct  thoracic  strips 
abdomen  with  rrd  tip^ 


Sarcophaga  spp. 
FLESH  FLIES 


r 


thoracic  stripes  distinct 
sides  of  abdomen  pale 
erect  when  resting 
thorax  without  pale  spots 


 1  . 

thoracic  stripes 
sides  of  abdor 
"squats"  when  resting 
pale  spot  behind  head 


indistinct 
en  dark 

erect  when  resting 
pale  spot  on  scutellum 


Musca  domestica 
HOUSE  FLYl 


Stomoxys  calcitrans 
STABLE  FLY 


Muscina  spp. 
FALSE  STABLE  FLIES 


color  black 
medium-size  (1/4  inch  long) 


color  dark  blue 
large  (1/3  inch  long) 


color  green  to  bronze 


Ophyra  spp. 
DUMP  FLIES 


FLY 


3  thoracic  stripes 


without  thoracic  stripes 


Cochliomyia  macellaria 
SECONDARY  i 
SCREW  WORM  FLY 


Phaenicia  se 
GREEN 
BOTTLE  FLY 


Phaenicia  cupr 
BRONZE 
BOTTLE  FLY 


Figure  2-18.  Typical  pictorial  key. 
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Case  Situation  2-2 

>  in  case  situation  2-1  your  specimen  is  a  fly  and,  as  you  view  through 
the  microscope,  you  see  that  it  has  the  following  characteristics:  dull  thorax 
and  dull  abdomen;  medium  size  (about  one-fourth  inch  long)  four  distinct 
thoracic  stripes;  sides  of  abdomen  pale,  erect  when  resting,  thorax  without 
pale  spots. 

To  identify  the  specimen  as  described  in  case  situation  2-2  and  using  the 
pictoral  key  illustrated  in  figure  2-18,  you  should  begin  at  the  top.  Reading 
across  the  top,  the  fly  and  statement  you  select  should  be  square  A-a 
because  your  specimen  has  a  dull  thorax  and  a  dull  abdomerx. 

Now,  as  you  can  see,  there  is  a  line  extending  down  and  across  from 
square  A-a  which  means  identification  is  not  complete  and  you  have  three 
more  choices  to  select  from. 

Reading  the  statements  and  viewing  the  illustrations  across  row  b  you 
find  that  square  B-b  best  matches  your  specimen  because  it  is  medium  size 
(about  one-fourth  inch  long)  and  has  tour  distinct  thoracic  stripes.  Now, 
you  may  say  wait  a  minute;  square  B-b  describes  the  specimen  as  having 
four  thoracic  stripes  that  are  often  indistinct,  but  my  specimen  has  four 
distinct  thoracic  stripes!  You  are  correct,  but  in  comparing  your  specimen 
with  the  other  two  choices  you  will  find  that  it  matches  square  B-b  better 
because  it  is  not  a  small  fly  with  four  indistinct  stripes  and  it  is  not  a  large 
fly  with  only  three  distinct  thoracic  stripes. 

Again,  there  is  a  line  that  extends  down  from  square  B-b  and  across  to 
the  left  and  right.  As  you  can  see,  there  are  three  more  choices  to  select 
from. 

You  should  follow  the  same  procedures  as  before  by  reading  the 
statements  and  viewing  the  illustrations  provided  in  row  c  of  figure  2-18. 
Square  A-c  describes  your  specimen  perfectly:  so,  identification  is 
complete  and  you  now  know  that  it  is  a  Afw^co  domestica  (scientific  name), 
or  housefly  (common  name).  If  you  will  notice,  there  are  no  lines 
extending  down  from  either  of  the  three  choices  in  row  c,  so  your  specimen 
would  have  had  to  have  been  one  of  the  three,  or  it  would  have  indicated 
that  you  had  made  an  error  previously. 

In  specimen  identification,  people  commonly  make  one  of  two  mistakes, 
the  first  being  overly  cautious  (taking  every  word  literally),  and  llie  second 
is  refusing  to  go  on  if  the  specimen  does  not  agree  with  the  choice  made. 
Remember,  insects  and  other  arthropods  have  their  individualities  just  as 
people  do. 

If  you  happen  to  arrive  at  a  point  where  you  can't  decide  which  of  the 
altematives  is  correct,  don't  give  up!  First,  consider  if  it  is  neither;  for 
instance,  if  the  altematives  describe  wing  structures  and  your  specimen  has 
no  wings,  you  have  probably  arrived  at  a  wrong  point  in  the  key,  or  else  the 
specimen  is  one  that  is  not  provided  for  by  the  key.  Second,  if  there  is 
more  than  one  alternative  which  could  be  considered  correct,  try  each 
alternative  until  ou  have  made  your  decision.  By  using  this  process,  you 
can  normally  get  back  on  the  right  track. 

Dichotomous  and  pictorial  keys  of  important  arthropods  are  provided  in 
Appendix  A  of  this  volume. 

Exercises  (213): 

1.  The  two  types  of  identification  keys  commonly  used 
are   and   


2.  An  identification  key  that  provides  two  statements 
from  which  to  choose  is  the  key . 


3.  An  identification  key  that  illustrates  certain  identifying 
characteristics  and  provides  two  or  more  choices  is  a 
 key. 
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4.  Using  Appendix  A,  "Arthropods  of  Public  Health 
Importance:  Key  To  Common  Classes  and  Orders," 
and  information  contained  in  this  lesson,  identify  each 
of  the  arthropods  described  below  with  its  order  and 
common  name;  list  each  step  consecutively  that  is  used 
in  the  identification  process  as  per  example. 

Exercise  Example:  An  arthropod  that  is  described  as  having  three  pairs  of 
walking  legs,  wings  present  and  well  developed,  one  pair  of  membranous 
wings  without  scales  is  identified  to: 

(1)  The  Order Uiptera. 

(2)  With  the  common  name  of  fly. 

(3)  The  steps  used  in  identification  are  ,   ,   ,   ,and  . 

a.  An  arthropod  described  as  having  three  pairs  of  walking  legs, 
chewing  mouthparts.  two  pairs  of  well-developcd  wings  with  the  front 
pair  of  wings  being  leathery  with  distinct  veins  and  serving  as  covers 
for  the  second  pair  is  identified  to: 

(1)  TheOrder   . 

(2)  With  the  common  name  of   . 

(3)  The  steps  used  in  identification  are          ,          ,          ,   , 

and   . 

b.  An  arthropod  described  as  having  four  pairs  of  walking  legs,  a  well- 
developed  abdomen  that  is  not  distinctly  separated,  body  with  very 
little  or  no  hair,  and  hallers  organ  is  identified  to: 

(1)  The  Order   . 

(2)  With  the  common  name  of   . 

(3)  The  steps  used  in  identification  are  ,  ,  ,  , 

  ,          ,  and   . 


214.  Given  problem  situations  regarding  microscope 
use,  identify  the  proper  corrective  action  and  state 
methods  of  maintaining  microscopes. 

Using  and  Maintaining  a  Microscope.  Most  arthropods 
cannot  be  identified  to  genus  and  specie  without  the  aid  of  a 
microscope.  Each  pest  management  section  should  have  a 
microscope  to  identify  j>ests  common  to  the  area  and  to 
monitor  possible  disease  vectors  and  economic  pests 
collected.  Microscopes  are  also  essential  in  calibrating 
certain  types  of  pesticide  dispersal  equipment  and 
conducting  on-the-job  training  for  pest  identification . 
However,  microscopes  are  of  no  use  unless  you  know  how 
to  use  and  maintain  them  properly,  which  is  the  basis  for 
this  objective. 

Focusing.  Microscope  focusing  methods  will  vary  with 
the  type  of  microscope  used  and  the  manufacturer.  For  this 
reason,  a  specific  type  must  be  identified  so  that  focusing 
techniques  can  be  discussed.  The  microscope  discussed  in 
this  objective  is  one  that  is  authorized  for  pest  management 
sections  and  is  Federally  stock  listed.  This  microscope  is  a 
binocular  type  with  zoom  focusing  ability  which  is  most 
suitable  for  viewing  solid  objects  such  as  arthropod 
specimens.  Figure  2-19  illustrates  the  binocular  zoom- 
focusing  microscope  with  identified  external  parts. 

To  focus  the  binocular  zoom  microscope  follow  these 
procedures: 

(1)  Place  the  object  to  be  viewed  on  the  stage  plate  and 
insert  a  pair  of  eyepieces  in  the  eyepiece  adapters. 

NOTE:  If  you  wear  glasses,  wear  them  while  using  the 
microscope. 

(2)  Direct  light  on  the  subject  being  viewed  by  adjusting 
the  mirror  beneath  the  stage  plate  or  by  using  other 
illumination  devices  which  are  available  as  accessories, 
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Eyepieces 


Eyepiece  Focusing  Hing 


Magnification  Knob 


Power  Pod 


Focusing 
Knob 


yepiece  Adapter 


Glass  Stage  Plate 


Mirror 
Axle 


Trans«illumination  Bote 
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Figure  2-19.  Binocular  microscope  (identified  external  parts). 


(3)  Adjust  the  eyepiece  adapters  to  the  proper  width  for 
your  eyes  so  both  fields  are  viewed  as  one.  Proper  width  can 
be  checked  by  closing  one  eye  and  then  the  other,  with  both 
fields  being  visible  separately  without  moving  the  head. 

(4)  Set  the  magnification  knob  to  the  highest  power. 

(5)  Using  only  the  right  eye  and  right  eyepiece,  focus  on 
a  flat-surfaced  object  that  is  centered  on  the  stage  and  adjust 
the  focusing  knob  until  the  image  is  sharp. 

(6)  Now,  reset  the  magnification  knob  to  the  lowest 
power. 

(7)  Using  the  left  eye  and  left  eyepiece,  adjust  the 
eyepiece  focusing  ring  clockwise  or  counterclockwise  until 
the  image  is  sharp. 


NOTE:  You  should  do  this  without  disturbing  the 
focusing  knob. 

If  these  microscope  focusing  procedures  are  carefully 
followed,  the  magnification  may  be  set  at  any  value  within 
its  range  without  having  to  refocus.  When  changing 
specimens,  only  slight  readjustments  of  the  focusing  knob 
are  needed  to  maintain  sharp  image  focus. 

NOTE:  Always  make  sure  the  microscope  is  focused  to 
suit  the  right  eye  first  and  then  focused  to  th?  left  eye  using 
the  eyepiece  adjusting  ring. 

The  magnification  knob,  located  on  top  of  the 
microscope,  lets  you  change  the  power  to  give  the  best 
magnification  for  each  specimen  at  lower  power  and  to 
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concentrate  on  a  particular  detail  of  the  specimen  by 
increasing  the  power. 

Microscope  mrintenance.  Maintaining  a  microscope  is  a 
simple  process  if  you  remember  one  basic  point.  Always 
cover  the  microscope  when  not  in  use.  Since  cleaning  is 
practically  all  that  is  required  in  maintaining  microscopes, 
cleaning  techniques  will  be  discussed  first. 

a.  Clean  external  surfaces  of  eyepieces  and  bottom 
surface  of  the  pod  by  flowing  with  a  syringe,  or  with  a  moist 
cotton  swab  on  a  stick. 

fe.  Keep  eyepieces  in  place  at  all  times  to  prevent  dust 
settling  on  the  eyepiece  dust  shields.  If  the  eyepiece  dust 
shields  do  require  cleaning,  clean  them  in  the  same  manner 
as  the  external  surfaces  of  the  eyepieces. 

c.  Use  a  cotton  swab  moistened  with  a  soap  or  detergent 
solution  to  remove  body  oil  smears  from  external  surfaces 
of  eyepiece  lenses  or  glass  stage  plate,  and  dry  with  a  cotton 
swab. 

d.  Clean  the  focusing  slide  occasionally  with  a  solvent 
such  as  xylol  or  alcohol. 

e.  Clean  rack  teeth  occasionally  with  a  small  stiff  brush. 
/.  Lubrication  is  required  only  after  the  focusing  slide 

has  been  cleaned.  Lubricate  the  focusing  slide  by  applying 
a  light  coating  of  petroleum  jelly. 

g.  Adjusting  the  tension  of  the  focusing  mechanism  is 
the  only  time  mechanical  maintenance  should  be  performed 
on  the  microscope  unless  you  are  an  experienced 
microscope  repairman. 

A  microscope  is  effective  only  if  you  know  how  to  use 
and  maintain  it  properly.  When  carrying  it,  always  use  both 
hands  and  handle  it  with  care  because  it  is  fragile  and  very 
c'pensive. 

Exercises  (214): 

1.  While  viewing  an  object  through  i  microscope,  it 
appears  as  a  double  vision.  Ident  "y  the  corrective 
action  to  be  taken. 


2,  While  viewing  an  object  through  a  microscope,  it 
appears  clear  and  sharp,  indicating  good  focus.  You 
then  change  objects  and  the  vision  is  blurred.  Identify 
the  action  you  have  failed  to  take. 


3.  Identify  the  action  to  be  taken  before  making 
microscope  adjustments  other  than  adjusting  the 
eyepiece  adapters. 


4.  The  microscope  is  always  focused  to  suit  which  eye 
first? 
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5.  State  the  action  required  to  remove  grease  smears  from 
external  surfaces  of  eyepiece  lenses. 


6.  To  remove  dust  from  external  surfaces  of  eyepieces 
you  would  use  a  detergent  solution.  (True/False) 


215*  Specify  techniques,  materials,  and  equipment 
needed  to  preserve  dry  specimens. 

Preserving  Dry  Specimens.  To  maintain  a  display  of 
pests  common  to  the  area,  there  are  certain  techniques  you 
should  learn.  Pest  specimen  displays  should  be  prepared  in 
a  manner  that  you  will  be  very  proud  to  display.  These 
displays  are  kept  in  pest  management  to  let  interested 
people  become  familiar  with  pests  common  to  the  area,  and 
they  ju-e  often  used  for  display  in  base  open-house 
ceremonies.  Boy  and  Girl  Scout  tours,  student  tours,  and 
country  fairs. 

There  are  four  basic  methods  used  in  displaying  pest 
specimens  and  each  method  requires  certain  techniques, 
supplies,  and  equipment.  Each  of  the  four  methods  will  be 
discussed  individually. 

Preserving  specimens  dry  is  probably  the  most  common 
method  of  preservation  and  is  generally  the  most  useful  for 
insects  that  have  strongly  chitinized  exoskeletons  because 
they  can  be  dried  naturally  without  offensive  decay  and 
discoloration. 

Specimens  preserved  dry  should  be  pinned  while  they  are 
still  fresh  to  allow  easy  manipulation  of  various 
appendages,  thus  reducing  the  chance  of  breakage. 
Specimens  that  have  become  dried  are  very  hard  and  brittle 
and  should  never  '  ^  touched  other  than  by  handling  the 
mount. 

To  delay  hardening,  specimens  can  be  placed  in 
containers  of  ethyl  acetate  or  laurel  leaf  vapors.  You  may 
find  this  is  not  always  advisable  because  over  time  it  may 
cause  discoloration  or  a  mushy  effect.  Other  methods  for 
keeping  the  specimens  soft  include  keeping  them  in  a  tin 
container  with  green  leaves  or  moistened  blotting  paper,  but 
this  may  lead  to  the  specimens'  becoming  molded. 

If  you  want  to  dry-preserve  specimens  that  have  a  large 
amount  of  body  fluids,  drain  the  fluid  from  the  abdomen 
immediately  after  the  specimen  has  died.  The  best  way  to 
do  this  is  to  cut  off  the  abdomen  at  the  base,  lay  it  on  a  flat 
surface,  and  squeeze  the  fluid  out  by  rolling  a  small  round 
object  from  abdomen  tip  toward  the  cutoff  portion.  This 
must  be  done  with  great  care  to  prevent  damage  to  the 
abdomen  section.  Removing  the  abdomen  from  specimens 
that  are  bulky  is  not  required  at  all  times.  The  fluids  from 
some  specimens  may  be  extracted  simply  by  gently  rolling 
a  round  object  over  the  abdomen,  beginning  at  the  base  and 
rolling  toward  the  tip. 

Cleaning  the  specimens  is  required  at  time,  especially  the 
bulky  ones  that  have  been  drained  of  body  fluids;  however, 
it  is  best  to  avoid  cleaning  whenever  possible  because  this 
may  cause  discoloration.  Remove  dust  by  using  a  small 
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camcrs-hair  brush;  but  remember  to  use  gentle  strokes  to 
avoid  scratches  and  breaking.  Clean  specimens  that  are 
very  fragile  or  dry  and  rigid  by  immersing  them  in  a 
synthetic  detergent  and  water  solution.  Specimens  which 
become  greasy  from  fatty  material  that  has  oozed  out  can  be 
cleaned  by  using  an  organic  solvent  such  as  ethyl  acetate » 
benzene,  or  ether. 

Bulky  and  fleshy  specimens  you  have  drained  must  be 
returned  to  the  original  shape.  Do  this  by  blowing  air  into 
them»  using  a  small  pipette;  or  if  it  is  a  large  area,  it  can  be 
stuffed  with  cotton  wool  that  has  been  moistened  with  ethyl 
acetate  or  phenol.  After  this,  mend  the  specimen  with 
mending  cement.  This  will  involve  reattaching  the  inflated 
or  stuffed  abdomen  if  it  was  removed  for  draining. 

Now  that  you  have  your  specimen  soft,  clean,  and 
repaired,  it  is  ready  for  setting.  Setting  a  specimen  correctly 
is  probably  the  most  difficult  and  rewarding  part  in 
preparing  your  specimen  displays.  It  must  be  set  so  that  it  is 
appealing  to  the  eye  and  so  important  appendages  can  be 
easily  seen.  Once  you  have  arranged  it  in  the  position  you 
want,  let  it  dry.  Setting  specimens  requires  the  use  of 
setting  boards.  These  boards  are  designed  to  allow 
adjustment  of  the  sides  to  increase  or  decrease  the  width  of 
the  groove,  depending  upon  the  thickness  of  the  specimen 
abdomen.  The  sides  of  the  board  should  be  covered  with  a 
layer  of  cork  or  balsa  wood  to  allow  easy  pinning.  A  typical 
setting  board  is  illustrated  in  figure  2-20. 

If  you  desire  to  dry-preserve  specimens  that  are  soft 
bodied  without  draining  the  body  fluids,  this  can  be  done  by 
preserving  them  in  a  solid  state.  This  technique  is  much 
slower  than  the  conventional  way  because  each  phase 
requires  a  certain  amount  of  time;  however,  it  is  a  very  good 
technique  to  use  for  larvae.  Dry  preserving  in  the  solid  state 
is  done  by  placing  fresh  larvae  into  a  solution  that  contains 
95  percent  alcohol.  The  larvae  must  remain  in  this  solution 
for  at  least  1  week;  the  larger  the  specimen  the  more  time 
required.  Followmg  the  week*s  (minimum)  stay  in  the  first 
solution,  the  larvae  are  then  transferred  to  a  pure  alcohol 
solution  and  must  remain  in  this  solution  for  24  hours.  The 
larvae  are  then  transferred  to  a  fresh  solution  of  pure  alcohol 
two  more  times  for  a  period  of  24  hours  each.  After  these 
phases  have  been  completed,  the  larvae  tissues  should  be 
completely  dehydrated;  however,  preservation  is  not 
complete. 


Figure  2-20.  Typical  setting  board. 


Reabsorption  of  moisture  must  be  prevented.  This  is 
done  by  putting  the  larvae  into  a  solution  containing  one 
part  of  xylor  to  2  parts  of  pure  alcohol  for  1  day,  then 
transferred  again  to  a  solution  of  2  parts  of  xylol  to  I  part  of 
pure  alcohol  for  1  day.  The  larvae  are  then  transferred  to 
pure  zylol,  kept  there  I  day,  and  removed  and  blotted  dry. 
The  specimens  are  now  ready  to  be  pinned. 

Larvae  that  have  become  hardened  or  dry  can  also  be  dry 
preserved  in  a  solid  state,  but  they  must  be  resoftened  first. 
To  do  this,  place  specimens  in  a  solution  of  2  percent 
caustic  potash  or  a  strong  solution  of  synthetic  detergent  for 
2  days.  Then  transfer  larvae  successfully  to  solutions  for  at 
least  I  week  in  each  solution.  After  this,  the  larvae  must  be 
treated  to  prevent  reabsorption  of  moisture  in  the  same  way 
as  previously  explained  for  fresh  larvae. 

Pinning  dry-preserved  specimens  can  be  done  in  four 
ways.  Direct  pinning  is  a  method  used  for  specimens  that 
have  tough  cuticles  or  integruments  and  are  not  very  small. 
Pins  that  are  used  for  direct  pinning  are  called  continental 
pins  and  are  generally  long,  thin,  and  sharp.  Staging  is  a 
method  that  involves  pinning  a  relatively  small  specimen  to 
polyporous.  The  polyporous  serves  as  the  stage  and  is 
supported  by  ^'English  pins.**  However,  the  pins  used  for 
attaching  the  specimens  to  the  stages  are  **points,**  Points 
are  very  thin  and  short  and  may  be  used  by  inserting  the  pin 
through  the  specimen  and  into  the  polyporous  stage  or  by 
gumming  the  specimen  to  the  blunt  end.  Carding  is  a  term 
used  when  specimens  are  gummed  directly  to  a  piece  of 
stiff,  white  card, board  rectangular  in  shape,  and  supported 
by  English  pins.  This  method  is  quite  adequate  for 
displaying  small  beetles.  Pointing  is  the  best  method  for 
mounting  the  very  small  dry-preserved  specimens.  Points 
are  made  from  thin,  white  cardboard  and  are  cut  into  small 
triangular  pieces.  These  pieces  may  be  pointed  or  blunt, 
depending  upon  the  specimen  being  mounted  and  your 
preference.  Points  can  even  be  turned  up  or  down  at  the  tip 
and  the  specimen  gummed  to  the  side,  if  you  desire. 

Now  that  you  have  your  dry-preserved  specimen  pinned, 
it  is  time  to  discuss  specimen  labeling. 

Specimen  labeling  is  very  important  because  each 
specimen  should  be  labeled  as  to  where,  when,  and  how  the 
collection  was  made,  the  collector*s  name,  the  scientific 
name  of  the  specimen,  the  name  of  the  scientist  who  first 
described  the  species,  and  the  date  determination  of  the 
species  was  made. 

Labels  are  made  from  thin,  white  cardboard  material 
such  as  index  cards,  and  every  label  should  be  a  rectangular 
shape  and  have  almost  the  same  dimensions.  Each  dry- 
preserved  specimen  should  have  two  labels  pinned  beneath 
the  specimen.  The  lower  label  should  rest  on  top  of  the 
surface  to  which  the  specimen  is  pinned  and  should  contain 
the  scientific  name  of  the  specimen,  the  name  of  the 
scientist  (or  author),  and  the  date  it  was  first  described.  The 
second  label  should  be  spaced  in  the  middle  between  the 
specimen  and  the  lo  wer  label  and  should  contain 
information  as  to  where,  when,  and  how  the  specimen  was 
collected,  and  the  name  of  the  collector.  Labeling 
techniques  are  illustrated  in  figure  2-21.  Be  as  specific  as 
possible  when  describing  the  location  where  the  specimen 
was  collected.  It  is  not  advisable  to  use  initials  because  they 


39 


EKLC 


/     ret  to 

ma  \ 

3.  Specimens   that   have   become    hardened   can  be 

resoftened  by  using  a  solution  of  

or  a  strong  stolution  of  . 


4.  State  the  best  method  for  draining  body  fluids  from 
specimens  that  are  being  preserved  dry. 


5.   Dust  can  be  removed  from  dry  specimens  by  using  a 
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6.   List  three  organic  solvents  that  can  be  used  for 
cleaning  greasy  specimens. 


7.   List  the  four  methods  used  in  pinning  dry  specimens. 


8.   List  the  information  that  is  provided  by  the  lower  label 
contained  on  dry  specimens. 


Figure  2-21 .  Labeling  technique  for  dry  specimen. 


9.   Dry-preserved  specimens  can  be  protected  in  storage 
from  pests  that  attack  preserved  specimens  by  using 
or 


can  lead  to  confusion.  Print  information  on  labels  using 
pencil  or  India  ink. 

Storage  of  dry-preserved  specimens  is  important  in 
preventing  specimen  damage  and  enhancing  displays. 
Specimens  can  be  stored  in  almost  anything  from  cigar 
boxes  to  specially  designed  specimen  trays.  However, 
specimens  should  be  separated  into  specific  orders, 
protected  from  pests  that  attack  preserved  specimens,  and 
arranged  for  easy  viewing.  Storage  boxes  should  be 
durable,  lined  with  cork  on  the  bottom  for  ease  in  pinning, 
and  capable  of  holding  paradichlorobenzene  or  napthalene 
to  ward  off  pests  that  feed  on  specimens.  Store  your 
specimens  in  an  area  with  low  humidity  when  possible. 

Exercises  (215): 

1 .  What  is  the  primary  purpose  for  collecting,  preserving, 
and  maintaining  pest  specimens  within  a  pest 
management  section? 


2.  The   most   common   method    used   in  preserving 
specimens  for  display  is  the  method. 


216.  Specify  the  suitability,  techniques  and  materials  for 
preserving  specimens  in  spirits. 

Preserving  Specimens  in  Spirits.  This  method  is 
probably  considered  to  be  the  best  for  preserving  specimens 
that  are  soft  bodied,  such  as  larvae,  nymphs,  and  some 
adult  species.  You  can  preserve  specimens  in  ethyl  alcohol, 
Pampel's  fluid,  and  chloral  hydrate.  You  should  then  sort 
them  in  small  laboratory  test  tubes  with  rounded  bottoms. 
Several  small  specimens  of  the  same  species  that  are 
collected  at  the  same  place  and  time  can  be  stored  in  the 
same  tube,  but  large  specimens  may  require  individual 
tubes  for  storage.  Make  labels  for  spirit-preserved 
specimens  by  cutting  long,  thin  strips  of  white  cardboard 
material.  Card  strips  should  be  about  1  inch  shorter  than  the 
length  of  the  tube  and  should  be  wide  enough  to  allow 
sufficient  bend  in  the  card  when  you  place  it  inside  the  tube. 
You  only  need  one  strip,  but  it  should  contain  the  same  type 
of  information  as  the  two  labels  in  the  dry  preservation 
method.  Print  labels  in  pencil  because  ink  will  tend  to 
smear  when  placed  in  spirits.  Once  you  put  specimens  and 
labels  in  the  spirits,  seal  the  tube  with  a  spirit-resistant 
rubber  stopper.  Then,  store  them  in  specially  designed 
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double-layered  trays  that  have  small  round  holes  cut  out  of 
the  top  layer  for  inserting  the  tube,  or  store  them  in  a  glass 
jar  to  allow  easy  viewing.  Store  these  specimens  in  a  cooU 
dark  area  away  from  all  sources  of  heat  to  prevent 
accidental  fires  and  evaporation.  After  all»  wouldn't  you 
hate  to  have  to  tell  the  fire  inspector  that  it  all  stailcd  when 
you  dropped  your  grub  collection  beside  the  gas  heater? 

Exercises  (216): 

1 .  Preserving  specimens  in  spirits  is  considered  to  be  the 
best  preserving  method  for  specimens. 


2.  What    spirits    are    generally    used    in  preserving 
specimens? 


3.  State  the  storage  precautions  that  must  be  observed  for 
spirit-preserved  specimens. 


4.   Infonnation  provided  on  labels  to  be  used  in  spirits  is 
printed  in  pencil  to  prevent   . 


217.  Describe  techniques  and  materials  needed  to 
preserve  specimens  in  plastic. 

Preserving  Specimens  in  Plastic.  This  method  of 
preserving  specimens  is  a  relatively  new  concept  and  is  very 
appropriate  for  large,  bulky  specimens.  When  you  do  it 
properly,  this  preservation  method  makes  very  attractive 
displays,  and  they  can  be  handled  without  damage  to  the 
specimen;  however,  care  must  be  taken  to  avoid  dropping 
because  the  block  can  break.  There  are  several  techniques 
you  can  use  to  preserve  specimens  in  plastic,  depending 
upon  how  the  specimen  was  originally  preserved.  The 
techniques  discussed  here  are  based  upon  the  specimen 
being  fresh  or  originally  dry  preserved.  A  specimen  being 
preserved  in  plastic  should  be  presoaked  in  uncatalyzed 
resin  for  about  24  hours  tc  remove  air  bubbles  from  the 
surface  and  insides  of  the  specimen.  Make  sure  the 
specimen  is  completely  immersed  (weighted  down  if 
necessary)  and  the  container  is  covered.  After  the  specimen 
has  soaked  long  enough,  get  a  glass  or  smooth  metal 
container  ihat  is  big  enough  for  your  specimen.  After  you 
have  your  mold,  determine  the  amount  of  liquid  ounces 
required  to  fill  the  container  to  a  level  just  below  the  top. 
Now  convert  the  liquid  ounces  into  cubic  centimeters 
because  you  will  be  working  with  very  small  amounts. 
Once  you  have  converted  the  ounces  into  cubic  centimeters, 
divide  this  amount  by  3,  because  the  plastic  block  is 
constructed  in  three  equal  layers.  (Fluid  oz  x  1.8  =  cubic 
inches.  Cubic  inches  x  16.4  =  cubic  centimeters.) 


Apply  a  mold  relea.sc  compound  to  the  entire  inner 
portion  of  the  container  to  prevent  the  resin  from  slicking 
and  to  provide  easy  release. 

Now  that  you  have  determined  the  cubic  centimeters  or 
resin  required  for  the  first  layer  and  you  have  prepared  your 
mold,  pour  the  resin  into  a  disposable  container  and  add 
catalyst  to  the  resin  at  a  ratio  of  4  drops  of  catalyst  to  5 
cubic  centimeters  of  resin.  Stir  this  mixture  smoothly  and 
thoroughly  for  about  I  minute  (being  very  cautious  not  to 
create  bubbles  in  the  mixture),  pour  into  the  mold,  and 
cover  in  a  tentlike  fashion  to  prevent  dust  from  settling  on 
the  resin  and  allowing  volatile  fumes  to  evaporate.  Let  this 
mixture  set  for  at  least  2  hours,  and  it  should  set  until  the 
mixture  is  jusi  to  the  point  of  being  a  tacky  gel. 

The  first  layer  is  now  prepared  to  support  the  specimen. 
Remove  with  tweezers  the  specimen  from  the  resin  in  which 
it  has  been  soaking  and  let  the  excess  resin  drain  off.  Place 
the  specimen  in  the  center  of  the  mold  upside  down  and 
allow  it  to  set  for  a  couple  of  hours  under  a  tent  cover.  This 
will  prevent  the  specimen  from  floating  when  the  second 
layer  of  resin  is  poured.  Mix  catalyst  with  enough  resin  to 
make  up  the  second  layer  and  slowly  pour  the  mixture  into 
the  mold  from  one  end.  This  will  allow  the  fluid  to  push  all 
air  away  from  the  specimen.  Let  this  layer  dry  under  a  tent 
to  the  point  of  being  tacky,  and  then  mix  and  pour  the  third 
layer.  Allow  to  dry  under  a  tent  cover  for  about  12  hours  at 
room  temperature  and  then  place  the  mold  in  a  *  Might  bulb 
oven."  The  mold  should  cure  for  about  4  hours  at  140° 
Fahrenheit.  After  the  mold  has  cured  for  the  recommended 
time,  turn  off  the  light  bulb  and  let  the  mold  stay  in  the  oven 
until  it  returns  to  room  temperature.  The  plastic-preserved 
specimen  is  now  ready  to  be  removed  from  the  mold; 
however,  it  is  not  in  a  finished  condition. 

The  plastic  block  must  be  ground  and  polished  for  it  to  be 
in  a  display  condition.  To  grind  the  block,  iay  a  sheet  of 
coarse  emery  paper  (180  grit)  on  a  moistened  smooth 
surface  with  the  grit  up.  Pour  a  small  puddle  of  water  in  the 
center  of  the  paper  and  grind  the  six  sides  of  the  block, 
using  back  and  forth  motions  in  the  water.  After  you  have 
ground  the  six  sides  of  the  block  using  the  coarse  grit  paper, 
follow  the  same  procedure  using  an  intermediate  grit,  and 
then  use  a  fine  grit  paper.  After  you  have  completed  the 
grinding  process,  place  a  very  small  amount  of  liquid 
abrasive  on  a  felt  polishing  board  and  rub  all  six  sides  of  the 
block  in  the  abrasive,  using  back  and  forth  motions.  At  this 
point  the  block  should  be  becoming  much  more  smooth  and 
transparent. 

Next,  place  a  very  small  amount  of  liquid  polish  on 
another  felt  board  and  follow  the  same  procedures  that  were 
used  with  the  liquid  abrasive.  Your  plastic  preserved 
specimen  is  now  complete  and  ready  for  display. 

Exercises  (217): 

1.   What  is  the  purpose  for  presoaking  specimens  in 
uncatalyzed  resin  ? 
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2.  The  ratio  of  catalyst  to  resin  is    diops  of 

catalyst  to  cubic  centimeters  of  resin. 


3.  When  grinding  the  plastic  block  for  finishing,  what 
type  of  motion  is  used? 


4.   List    the    procedures    for    determining    the  cubic 
centimeters  of  resin  required  for  each  layer  when 
measured  in  ounces, 
a. 


b. 


c. 


218.  Scate  the  suitability,  techniques,  and  materials  for 
preserving  specimens  on  slides. 

Preserving  Specimens  on  Slides.  The  preservation  of 
specimens  oa  slides  is  an  ideal  method  to  use  when  very 
small  specimens  are  to  be  viewed.  This  method  is  very 
difficult,  and  you  need  a  lot  of  experience  to  get 
professional  results.  Although  you  may  not  be  experienced 
at  preparing  slides,  you  can  still  prepare  appealing  slides  by 
following  these  procedures. 

Before  you  mount  a  specimen  on  a  slide,  you  must  first 
prepare  it.  The  specimen  must  be  soft  to  prevent  breakage, 
and  it  must  be  cleared  of  internal  body  tissues  to  make  it 
transparent.  To  do  this,  place  it  in  a  cold  solution  of  10 
percent  caustic  potash  in  water  for  about  12  hours.  Remove 
the  potash  solution  by  using  an  eyedropper  (being  careful 
not  to  lose  the  specimen)  and  replace  the  potash  solution 
with  plain  tap  water  still  using  the  eyedropper.  Repeat  the 
rinse  several  times  to  insure  that  all  of  the  potash  solution 
has  been  cleared  from  the  specimen.  Now,  examine  the 
specimen  under  a  microscope  to  make  sure  all  internal 
tissues  have  been  completely  dissolved.  If  the  tissues  have 
not  dissolved,  return  the  specimen  to  the  potash  solution 
and  allow  it  to  soak  again  (it  may  be  necessary  to  boil  the 
solution  for  about  5  minutes  if  the  specimen  is  large), 
following  the  procedures  previously  mentioned. 

After  the  specimen  is  rendered  free  of  all  internal  tissues 
and  thoroughly  rinsed,  it  is  ready  to  be  dehydrated  and 
cleared.  Select  two  small  dishes  that  have  wide  bottoms  and 
pour  a  small  amount  of  glacial  acetic  acid  (dehydrating 
fluid)  in  one  and  a  small  amount  of  clove  oil  (cleaning 
fluid)  in  the  other.  Keep  the  fluids  covered  tightly  at  all 
times  except  when  it  is  necessary  to  open  them  for 
transferring  the  specimen.  If  the  specimen  appears  to  be  too 


dark  to  be  transparent,  it  should  be  bleached  by  immersing 
it  in  a  weak  bleach  solution  along  with  a  couple  of  drops  of 
glacial  acetic  acid  for  about  5  minutes  before  you  begin  the 
normal  dehydration  and  clearing  process. 

Now  place  the  specimen  in  the  glacial  acetic  acid.  If  the 
specimen  is  too  transparent  it  can  be  darkened  by  adding  a 
few  drops  of  solution  containing  acide  fuchsin  and  20 
percent  alcohol  to  the  glacial  (acetic  acid)  and  leaving  it 
there  for  5  minutes.  Use  foreceps  to  remove  the  specimen 
from  the  acetic  acid  and  place  it  on  blotting  paper;  ihen  pick 
it  up  and  place  it  in  the  clove  oil.  Let  the  specimen  remain 
in  the  clove  oil  for  5  minutes  and  remove  it. 

Reexamine  the  specimen  under  a  microscope  to  check  for 
cloudy  blotches.  If  blotches  appear,  this  indicates  that  all 
the  water  has  not  been  removed  and  you  must  return  the 
specimen  to  the  acetic  acid  and  again  to  the  clove  oil. 
However,  if  there  are  no  blotches,  the  specimen  is  now 
ready  for  mounting  on  the  slide. 

Place  the  specimen  on  the  slide  and  £irrange  it  in  the  way 
you  want  to  display  it.  Blot  the  excess  clove  oil  off  the 
specimen  and  slide  with  a  piece  of  blotting  paper  and  then 
drop  a  very  small  amount  of  Canada  balsam  on  the 
specimen;  add  a  drop  or  two  of  zylol  and  let  it  dissolve 
naturally.  After  you've  applied  the  balsam  to  the  specimen, 
cover  them  both  immediately  with  a  cover  slip  that's  large 
enough  for  the  specimen.  Place  the  cover  slip  on  the  slide 
one  side  at  a  time;  be  very  gentle.  Don't  drop  the  cover  slip 
on  the  specimen  because  you'll  trap  air  bubbles. 

Once  the  specimen  is  mounted  on  the  slide,  handle  it  with 
care  and  keep  it  in  n  horizontal  position  for  several  weeks. 
It  takes  this  long  fvv  the  balsam  to  dry.  Before  you  put  it 
away  to  dry,  prepare  two  labels  with  the  required 
information  previously  discussed  and  place  one  label  on 
each  end  of  the  slide  as  illustrated  in  figure  2-22. 

Exercises  (218): 

1 .  To  soften  a  specimen  being  prepared  for  mounting  on  a 
slide,  the  specimen  is  placed  in  a  cold  solution  of 
 for  a  period  of 


2.  A  weak  bleach  solution  /s  used  to  specimens 

that  are  to  be  mounted  on  slides. 


3.  What  fluid  is  used  for  cleaning  internal  tissues  of 
specimens  being  mounted  on  slides? 


4.  To  darken  a  specimen  that  is  to  be  mounted  on  a  slide, 

a    few    drops    of   solution  containing   

 and  20  percent  alcohol  are  added  to  the 

glacial. 
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Figure  2-22.  Labeling  technique  for  slide-mounted  specimen. 


5.   Upon  reexamining  a  specimen  under  a  microscope,  the 
appearance    of    blotches    indicates    that    all  the 
has  not  been  removed . 


Glacial  acetic  acid  is  used  to 
for  slide  mounting. 


specimens 


7.  To  dissolve  the  internal  tissues  of  specimens  to  be 
mounted  on  slides,  a  solution  containing  10  percent 

is  used. 


2-3.  Integrated  Pest  Management 

For  many  centuries,  human  settlements — both 
agricultural  and  urban — have  had  to  contend  with  many 
unwanted  or  harmful  insects,  weeds,  microorganisms, 
rodents,  and  other  organisms — collectively,  "pests.**  In  the 
past,  the  only  tools  people  could  use  to  control  these  pests 
were  plowing,  planting,  burning,  and  watering  schedules 
and  primitive  repellants  such  as  smoke.  Toward  the  turn  of 
the  century,  the  first  pesticides,  such  as  sulfur  and  arsenic 
compounds,  came  into  use.  In  the  last  40  years,  chemical 
pesticide  use  became  the  primary  method  people  used  to 
contio!  these  pests;  as  a  result,  pesticide  production 
increased  from  less  than  500,000  pounds  in  1951  to  about 
1 .4  billion  pounds  in  1977. 

In  the  late  196C's,  there  was  a  rising  public  concern  over 
pesticide  buildups  in  the  environment,  with  resulting 
adverse  impacts  on  fish,  wildlife,  and  people.  Largely  as  a 
result  of  this  concern,  there  was  an  increased  national  and 
international  interest  in  integrated  pest  management  (1PM) 
as  an  economically  efficient,  environmentally  preferable 
approach  to  pest  control. 

This  renewed  interest  focused  mainly  on  the  agricultural 
aspects  of  IPM,  but  there  were  other  important  uses  of  this 
approach,  such  as  1PM  for  disease  vectors.  Today,  new 
techniques  of  IPM  continue  to  develop,  so  now  we  have 
many  new  ways  to  control  a  wide  variety  of  pests  in  all 
types  of  situations. 


219.  Define  the  categories  of  integrated  pest 
management  (IPM)  and  specify  to  which  category 
specific  techniques  belong. 

Categories  and  Techniques  of  IPM,  Have  you  ever 
been  diagnosed  as  having  a  bad  cold?  Chances  are  the 
doctor  told  you  to  go  to  bed,  drir.k  lots  of  juices  and  other 
liquids,  and  take  medicine  to  reduce  your  symptoms.  If  you 
think  of  that  cold  as  a  *'pest,"  you  can  see  that  the  doctor 
employed  integrated  pest  management  to  help  you  get  rid  to 
it;  by  going  to  bed,  you  conserved  energy  your  body  needed 
to  fight  the  virus,  drinking  lots  of  fluids  increased  your 
resistance  and  prevented  dehydration,  and  the  medicine  was 
a  type  of  chemical  control. 

Integrated  Pest  Management  is  defined  as  a  combination 
of  control  techniques  designed  to  prevent,  eliminate,  or 
suppress  pests.  Its  objective  is  to  reduce  our  dependence  on 
pesticide  and  keep  their  use  to  a  minimum.  We  will  discuss 
five  different  categories  of  IPM.  These  are: 

•  Cultural  controls. 

•  Mechanical/physical  controls. 

•  biological  controls. 

•  Autocidal  controls. 

•  Chemical  controls. 

Cultural  controls.  We  can  define  cultural  control  as  the 
deliberate  manipulation  of  the  environment  to  reduce  a 
pest's  access  to  food,  water,  and  shelter  or  makmg  it  more 
favorable  to  natural  enemies.  The  key  word  here  is 
sanitation  and  it's  the  most  important  aspect  of  your 
program.  When  high  levels  of  sanitation  are  applied, 
elements  essential  to  the  pest\s  survival  are  eliminated  or 
substantially  reduced.  This  will  have  one  of  three  effects  on 
that  pest:  it  will  die,  it  will  have  to  go  elsewhere  to  get  its 
life  requirements,  or  its  life  will  have  more  stress,  so  it  has 
to  take  more  risks  in  order  to  meet  its  needs;  as  a  result,  it 
may  be  exposed  to  other  elements  in  your  integrated 
program.  Cultural  controls  are  often  all  that's  needed  in  a 
preventive  control  program,  because  the  number  of 
attractions  are  kept  at  a  minimum.  In  a  corrective  control 
program,  however,  you  can't  generally  expect  100  percent 
elimination  since  the  pests  are  already  established  in  the 
area. 

Cultural  controls  can  be  applied  in  an  area  as  small  as  a 
one-room  building  or  as  large  as  an  airfield.  Techniques 
include: 

•  Basic  good  housekeeping  to  control  cockroaches, 
mice,  rats,  silverfish,  and  other  household  pests. 

•  Storing  food  in  insect-proof  containers  at  home  or  in 
food  warehouses. 

•  Improving  water  drainage  in  areas  where  mosquitoes 
are  breeding. 

•  Promoting  healthier  grass  growth  where  hazardous  or 
pest  birds  feed  on  weed  seeds. 

•  Promoting  healthier  grass  growth  just  to  get  rid  of  the 
weeds. 

Mechanical/physical  controls.  These  are  direct  or 
indirect  nonchemical  measures  used  to  destroy  pests 
outright  or  to  make  the  environment  unsuitable  for  their 
entry,  dispersal,  survival,  or  reproduction.  Like  cultural 
controls,  they  exploit  weak  links  in  the  pest's  life  cycle  or 
specific  behavioral  patterns.  These  controls  are  mostly 
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corrective  in  nature  because  you're  using  equipment  that 
makes  a  direct  physical  impact  on  the  pest  involved. 
Because  of  this  equipment,  and  the  time  spent  maintaining 
it,  mechanical/physical  controls  are  often  more  expensive 
than  other  categories  of  IPM.  Examples  of 
mechanical/physical  controls  are: 

•  Rattraps  and  mousetraps  (snap,  cage,  or  sticky  traps). 

•  Sealing  off  cracks  and  crevices  where  cockroaches 
may  harbor. 

©  Removing  and  destroying  wasp  nests  from  building 
eaves. 

9  Applying  polyethylene  over  areas  where  no  vegetation 
is  wanted. 

•  Using  screens  to  keep  adult  mosquitoes  out  of 
buildings. 

•  Controlling  moisture  under  buildings  to  prevent  the 
growth  of  wood-destroying  fungi. 

Biologiccl  controls.  Biological  controls  are  those  that 
involve  the  regulation  of  pest  organisms  by  their  natural 
enemies.  With  insects,  for  example,  there  is  a  growing 
number  of  parasites,  pathogens,  and  predators  we  can  use  to 
control  a  given  pest  population.  When  these  actions  occur 
in  nature  with  no  human  assistance,  it's  called  natural 
control,  but  there  are  differences.  People  can  use  native 
specie.*^  to  control  a  pest  population;  this  is  basically  how  it 
happens  in  nature.  But  people  can  also  introduce  new 
'^control"  species  from  other  parts  of  the  world,  an  action 
which  isn't  likely  to  happen  naturally.  We  can  also 
introduce  much  higher  numbers  of  the  control  species  than 
what  would  normally  be  produced  in  nature. 

In  recent  years,  biological  controls  have  improved  to  tlie 
extent  that  they  can  be  easily  used,  are  highly  effective,  and 
environmentally  safe  because  the  control  organisms  are 
very  ''species-specific."  This  means  they  attack  only  the 
organism  for  which  control  is  needed  without  impacting 
desirable  animals  or  vegetation.  Examples  of  biological 
controls  are: 

•  Using  predatory  fish,  such  as  Gambusia  qffinis,  to 
feed  on  mosquito  larvae. 

•  Using  falcons  or  other  predatory  birds  to  scare  smaller 
birds  away  from  airfields. 

•  Releasing  flea  beetles  to  feed  on  alligatorweed,  which 
clogs  waterways  in  the  southern  U.S. 

Autocidal  controls.  Autocidal  control  involves  rearing 
and  releasing  insects  that  are  sterile  or  are  altered 
genetically  in  order  to  suppress  members  of  their  own 
species  that  are  causing  pest  problems.  Two  similar 
methods  are  being  used  and  developed:  the  sterile-male 
method  and  genetic  control. 

Sterile-male  method.  The  sterile-male  method  involves 
artificially  sterilizing  large  numbers  of  insects  by  irradiation 
or  chemical  sterilants  so  that  after  being  released  into  an 
area  inhabited  by  a  wild  population,  the  sterile  males  mate 
with  wild  females.  If  the  wild  population  is  flooded  with 
large  numbers  of  sterile  males  and  they  outcompete  the  wild 
fertile  males,  the  wild  females  produce  substantially  fewer 
offspring  than  they  normally  would.  Repeating  this 
procedure  for  several  consecutive  generations  may 
eventually  annihilate  the  wild  population.  This  is  one  of  the 
most  ingenious  pest  control  methods  yet  developed;  it  has 
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been  widely  publicized,  primarily  because  of  its  successful 
application  against  the  screwwomi  fly. 

Application  of  the  sterile-male  method  necessitates 
procedures  for  economically  rearing  and  liberating  large 
numbers.  To  be  effective,  the  released  insects  must  readily 
mate  with  the  wild  members  and  disperse  throughout  the 
area  inhabited  by  the  wild  target  population. 

The  possibility  that  fhe  sterile-male  method  can  literally 
eradicate  an  ci.  re  pest  population  from  an  area,  thus 
providing  a  permanent  solution  to  the  particular  pest 
population  under  consideration,  has  attracted  a  great  deal  of 
interest.  However,  the  high  cost  and  difficulties  with 
rearing,  sterilizing,  and  liberating  the  sterile  insects  are 
cuiTently  prohibitive  except  against  a  few  insect  pests. 

Genetic  controls.  Like  the  sterile-male  method,  genetic 
control  involves  release  of  reared  insects  for  mating  with 
v/ild  populations.  However,  whereas  sterile  males  produce 
inactive  or  inviable  sperm,  genetic  control  involves 
genetically  aiiered  insects  whose  sperm  is  active,  carrying 
genes  that  make  the  wild  populations  less  vigorous,  less 
prolific,  or  genetically  sterile  as  a  consequence  of 
hybridism.  At  this  time,  genetic  control  has  no  practical 
application  in  urban  control  programs. 

Chemical  controls.  It's  easy  for  us  to  think  of  chemical 
control  as  using  pesticides  to  kill  pests.  This,  of  course,  is 
largely  true,  but  now  we  have  chemical  weapons  which 
serve  to  trap  insects,  confuse  them,  repel  them,  and 
regulate  their  growth. 

Pheromones.  Pheromones  are  chemical  substances 
insects  secrete  as  part  of  their  communication  process.  Each 
insect  has  a  complete  repertoire  of  these  chemical  signals. 
Pheromones  cue  mating,  aggression,  mass  attack,  fear,  and 
serve  as  territorial  boundary  markers  for  the  insect  world. 

The  female  insect  secretes  very  small  amounts  of  sex- 
attractant  pheromone  during  her  mating  periods.  Male 
insects  up  to  a  mile  away  can  detect  this  scent  and  travel  to 
her.  These  species-specific  scents  are  now  being  isolated 
and  commercially  developed  for  many  of  our  mOife 
economical  pests. 

There  are  three  main  ways  we  can  use  pheromones  to 
control  insect  populations.  The  first  way  is  to  monitor  insect 
activity  in  food  warehouses.  Extremely  small  amounts  are 
placed  on  a  sticky  board,  attracting  the  male  which  then 
becomes  permanently  stuck.  When  pest  populations 
increase  to  a  certain  point,  we  can  take  necessary  control 
actions. 

The  second  way  is  to  use  pheromones  in  mass  traps  with 
much  larger  amounts  of  the  attractant.  This  way, 
tremendous  numbers  of  insects  are  caught  and  die,  reducing 
the  population  to  a  less  harmful  level. 

The  third  way  we  can  use  pheromones  is  by  what's  called 
the  confusion  method.  Here,  small  amounts  of  pheromone 
are  scattered  around  a  warehouse  (or  forest,  depending  on 
your  needs)  to  confuse  the  male  insect  so  he  cannot  find  a 
female.  As  a  result,  successful  mating  is  highly  unlikely 
and  birth  control  of  the  given  insect  population  is  achieved. 

Repellents.  Repellents  are  chemicals  used  to  prevent 
damage  to  plants,  animals,  ourselves,  and  materials  such  as 
fabrics  and  lumber  to  render  them  unattractive,  unpalatable, 
or  offensive  to  pests.  These  chemicals  include  a  wide  range 

154 


of  natural  and  synthetic  materials  for  personal,  household, 
industrial,  and  other  uses. 

Some  repellents  are  effective  against  bloodsucking  and 
nuisance  pests  like  mosquitoes,  ticks,  chiggers,  and  gnats. 
Skin  repellents  were  used  in  the  South  Pacific  during  World 
War  II  as  a  chief  component  in  the  military's  antimalaria 
program. 

Insect-susceptible  packaging  materials  for  some  food 
products  are  treated  on  the  outer  surface  to  prevent  insect 
penetration.  Repellents  jire  also  frequently  used  on  kraft 
paper  multiwall  bags;  they  will  give  protection  against 
insect  attack  for  up  to  1  year. 

Growth  regulators.  Chemical  growth  regulators,  used 
extensively  against  weeds,  are  now  being  developed  for 
insect  control. 

Many  organic  herbicides  act  as  plant  regulators  or 
synthetic  hormones.  These  are  generally  used  at 
concentrations  that  inhibit  weed  growth  but  have  little  or  no 
effect  on  the  crop  plant,  thus  performing  as  selective 
herbicides. 

A  major  problem  in  weed  management  is  the  extreme 
persistence  of  most  weed  species  resulting  from  the 
longevity  of  propagules  (seeds,  dormant  buds,  or  other 
dormant  plant  parts).  Some  seeds  may  survive  in  a  dormant 
condition  for  80  years.  Dormancy,  germination,  and  other 
related  plant  functions  are  controlled  by  hormones. 
Germination  inhibitors  to  prevent  propagule  development 
could  provide  very  effective  weed  control.  Conversely,  a 
germination  stimulant  to  break  dormancy  in  all  propagules 
could  be  used  for  weed  control  during  the  noncropping 
season.  In  either  case,  a  significant  link  in  the  life  cycle  of 
weeds  could  be  broken  to  provide  a  new  approach  to  weed 
management. 

Growth  and  development  in  insects  are  regulated  by  two 
types  of  hormones,:  juvenile  hormones  which  maintain 
immature  status,  and  ecdysones,  which  regulate  molting;  a 
number  of  both  types  have  been  identified  for  insects  and 
also  for  plants.  Synthetic  hormones  have  been  evaluated  for 
use  against  insect  pests.  Methoprene  has  been  approved  by 
EPA  for  control  of  mosquitoes,  fleas,  and  other  insect 
pests. 

Unlike  insecticides,  hormone  chemicals  are  not 
conventional  toxicants;  rather,  they  interrupt  normal 
processes  associated  with  growth.  As  a  result,  their  impact 
on  the  environment  is  extremely  small,  if  at  all. 

As  the  name  implies,  IPM  involves  a  mixture  of  control 
techniques  from  different  categories  so  pest  management 
programs  will  have  the  desired  impact  on  the  pest 
population.  Before  you  begin  a  management  program,  work 
to  "integrate*'  a  variety  of  techniques  and  principles  to  get 
both  maximum  results  and  environmental  protection.  As  a 
result,  your  programs  will  have  greater  sophistication  and 
potency  than  ever  before. 

Exercises  (219): 

1 .  Define  each  of  the  following  IPM  categories: 
a.  Cultural  control: 


b.  Mechanical/physical  control: 


c.   Biological  control: 


d.  Autocidal  control: 


c.  Chemical  control: 


2.  For   each   of  the   following   techniques   of  pest 
management,  indicate  the  category  to  which  it  applies: 

a.  Repairing  holes  in  walls  where  rodents  can  enter  a 
building. 


b.  Applying  a  residual  dust  to  cracks  and  crevices 
for  cockroach  control. 


c.  Removing  old  lumber  from  under  a  building  to 
eliminate  a  food  source  for  termites. 


d.  Pruning  trees  to  reduce  Dird  perching  and  nesting 
opportunities. 


e.  Putting  a  cat  in  a  warehouse  to  kill  rats. 


f.  Spraying  a  sex  attractant  material  to  forest  areas 
to  reduce  motn  breeding. 


g.  Placing  traps  in  rodent  burrows. 


h.  Releasing  thousands  of  sterile-male  fruit  flies  to 
reduce  future  populations. 


i.  Releasing  parasitic  wasps  to  prey  on  defoliating 
caterpillars. 
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j.  Installing  net  curtains  to  keep  birds  out  of 
hangers. 


220.  Specify  sources  of  information  available  in 
determining  pest  management  program  requirements 
and  describe  the  uses  for  each  source. 

Determining  Pest  Management  Requirements.  One 

often-used  method  for  determining  pest  management  needs 
is  an  after-the-fact  situation.  This  is  nothing  more  than 
starting  a  management  program  after  the  pests  have  become 
established.  Clearly,  this  is  not  the  best  approach.  Pest 
management  requirements  can  most  often  be  determined 
long  before  the  pests  become  established.  Being  capable  of 
predicting  a  problem  and  establishing  preventive  measures 
to  ward  off  the  problem  is  the  sign  of  a  professional  pest 
manager.  This  objective  describes  the  methods  used  in 
predicting  pest  problems. 

Local  data  and  records.  There  are  many  sources 
available,  on  and  off  base,  that  will  give  you  enough 
information  to  make  reliable  predictions  as  to  the  type  of 
pests  that  may  cause  problems,  areas  that  may  require 
special  attention,  and  the  time  of  year  that  problems  will 
most  likely  exist. 

The  U.S.  Air  Force  meteorological  office  and  the 
National  Weather  Service.  These  are  sources  of 
information  on  rainfall,  temperatures,  wind  speed,  and 
wind  diiiections. 

These  agencies  can  give  you  data  that  depicts  the  average 
rainfall  and  temperature  for  each  month  of  the  year  based 
upon  many  years  of  recordkeeping.  This  data  alone  will 
give  you  a  good  ^^'ea  as  to  the  types  of  pests  most  likely  to 
be  prevalent  witiiin  the  area  and  when  the  problems  will 
most  likely  occur.  These  agencies  can  also  give  you 
information  about  the  average  wind  direction  and  speed 
during  certain  times  of  the  year.  You  can  use  this 
information  to  recognize  when  pests  may  be  blown  in  from 
areas  surrounding  the  base,  where  they're  known  to  be  or 
suspected  of  being  prevalent,  and  which  direction  to  travel 
when  space  spraying  for  mosquitoes. 

Now,  you  may  be  asking  yourself,  how  am  I  to  know 
what  pests  are  prevalent  off  base?  This  question  may  be 
answered  by  the  following. 

County  extension  office.  The  county  extension  office 
maintains  and  distributes  pamphlets  and  bulletins 
concerning  agricultural  and  other  pests  in  the  area.  It  also 
has  experts  who  can  tell  you  about  pest  population  trends 
and  movement  patterns. 

County  health  office.  The  county  health  office  is 
nonnally  responsible  for  managing  health-related  pests  and 
can  give  you  information  about  medically  important  pests 
in  the  area.  This  office  can  also  give  you  information  as  to 
the  terrain  conditions  in  areas  near  your  base  where  disease 
vectors  may  be  breeding. 

Pest  management  program  review.  Of  course,  there  are 
several  good  sourcec  of  information  within  your 
organization  you  can  use  to  determine  pest  management 
requirements,  such  as  past  pest  management  program 


reviews.  We'll  discuss  their  completion  later  in  this 
chapter,  but  their  uses  include: 

•  Identifying  specific  pest  management  projects  for  the 
following  year. 

•  Identifying  why  a  program  is  required. 

•  Indicating  when,  where,  and  how  the  work  will  be 
done. 

You  can  also  use  past  copies  of  this  report  to  give  you 
support  when  you  make  predictions  regarding  future  pest 
problems. 

Pest  summary  report.  Use  DD  Form  1532,  Pest 
Management  Report,  to  get  facts  on  pests  that  have  been 
controlled  most  often  in  the  past,  and  how  much  time  and 
material  was  used  in  the  process. 

Pest  management  maintenance  record.  DD  Form 
1532(enl,  Pest  Management  Maintenance  Record,  can  be 
used  similarly  to  the  pest  summary  report,  but  it  applies  to 
individual  areas  and  buildings  instead  of  the  entire 
installation. 

Basic  survey.  Last,  but  certainly  not  least,  is  the  basic 
survey  you  learned  about  in  objective  211,  Review  that 
lesson  before  you  complete  the  following  exercises. 

Exercises  (220): 

1.  You've  been  on  base  for  2  months  and  must  prepare 
your  mosquito  control  plan  for  the  coming  year.  What 
are  five  information  sources  you  can  use  to  determine 
program  requirements? 

(1) 


(2) 


(3) 


(4) 


(5) 


2.  What  types  of  information  would  you  expect  to  get 
from  each  of  the  following  for  your  mosquito  control 
program? 

a.   National  Weather  Service, 


b.  County  extension  office. 
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c .  Cou  nty  heal  th  off ^ce . 


d.  Past  pest  management  program  review. 


e.  Basic  survey. 


221*  Match  the  process  of  selecting  pest  management 
procedures  with  the  factors  to  be  considered  in  each 
process* 

Basis  for  Selecting  IPM  Procedures.  Selecting  pest 
management  procedures  is  not  an  easy  task  and  you 
certainly  can't  do  it  without  considering  many  aspects.  We 
will  thoroughly  discuss  and  analyze  these  aspects  in  this 
objective. 

Pest  to  be  controlled.  The  first  step  you  must  take  in  each 
situation  is  to  identify  the  pest.  In  most  cases  pests  must  be 
identified  to  species  because  many  pests  within  the  same 
genera  have  different  habitats  and  habits,  thus  requiring 
different  control  techniques. 

After  you've  identified  the  pest,  consider  another  point: 
is  the  pest  more  detrimental  than  beneficial?  This  question 
may  raise  another  question:  how  can  a  pest  be  beneficial? 
To  help  you  in  understanding  this  let's  define  the  word  pest. 
A  pest  can  be  any  undesirable  plant  or  animal.  This  depends 
largely  on  the  animal's  location.  A  plant  or  animal  can  also 
be  very  beneficial,  but  in  a  particular  place  and  at  a 
particular  time,  the  same  beneficial  plant  or  animal  can  be  a 
pest. 

If  the  pest  is  more  beneficial  than  detrimental,  then  try  to 
use  management  techniques  other  than  killing  as  much  as 
possible. 

Location  of  pests.  After  you  have  identified  the  pests, 
you  must  consider  the  pests'  location.  The  location  of  the 
problem  is  very  important  because  this  determines  the 
urgency,  materials,  equipment,  and  personnel  required  for 
managing  the  pests. 

An  example  of  this  would  be  honeybees  in  the  wheel  well 
of  an  alert  aircraft.  In  this  situation,  the  bees  must  be 
removed  quickly  with  pesticides.  However,  if  the  same 
honeybees  had  located  in  an  abandoned  automobile  they 
could  have  been  removed  by  gathering  the  queen  bee  and 
transporting  her  to  another  area,  causing  the  others  to 
follow. 

If  the  pests  are  located  on  vegetation  you  must  use 
control  measures  that  won't  be  detrimental  to  the 
vegetation.  Oil  solutions  must  certainly  be  avoided  in  this 
instance. 

Managing  pests  that  are  located  in  aquatic  areas  is  still 
another  problem  you  must  handle  with  great  care, 
especially  if  this  aquatic  area  happens  to  be  a  stream,  pond, 
or  lake.  During  the  planning  sta^^c  for  developing  pest 
management  programs  related  to  all  aquatic  pests  make  sure 
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you  know  Federal  and  State  laws  governing  environmental 
protection.  There  are  certain  aquatic  pest  management 
procedures  you  can't  use;  for  instance,  some  states  will  not 
allow  chemical  treatment  of  aquatic  areas  in  controlling 
aquatic  breeding  pests  and  aquatic  vegetation.  With  this  in 
mind,  you  must  know  other  control  measures  you  may  use 
to  deal  with  the  problem. 

NOTE:  Types  of  controls  and  control  measures  will  be 
discussed  separately  within  this  section. 

Take  a  look  at  another  situation  where  pest  location 
determines  the  management  procedure  even  when  dealing 
with  the  same  pest  species.  To  manage  German 
cockroaches  in  a  base  dining  facility,  you  can  only  apply 
pesticides  to  cracks  and  crevices,  but  if  these  same 
cockroaches  were  located  in  a  billeting  facility  you  could 
apply  a  pesticide  residual  to  baseboards,  walls,  and 
ceilings. 

Taking  this  example  a  little  further,  assume  that  these 
same  cockroaches  are  located  in  an  electrical  panel  box  in  a 
base  billeting  facility.  In  this  situation,  base  policy  requires 
two  people  for  the  job  when  entering  billeting  facilities.  In 
addition,  it  would  require  a  pesticidal  dust  formulation  to 
reduce  fire  and  electrical  hazards. 

Here  is  another  example  that  will  illustrate  the 
importance  of  the  pests'  locations  that  involves  a  different 
type  of  pest.  A  base  facility  is  heavily  infested  with  dry- 
wood  termites  and  if  not  treated  very  soon,  the  damage  will 
spread  to  such  a  degree  that  the  facility  will  be  unsafe. 
Knowing  this  you  must  treat  it  at  once.  Having  knowledge 
of  dry-wood  termites,  you  also  know  that  they  must  be 
managed  by  performing  fumigation  operations  which 
require  a  fumigant,  specialized  equipment  and  materials, 
and  at  least  two  people.  In  this  example,  you  have  seen  the 
job  was  urgent  to  preclude  further  damage  and  spread  of 
infestation,  and  you  also  noticed  that  it  dictated  the 
materials,  equipment,  and  personnel  required  to  perform 
the  operations. 

Environmental  conditions.  Environmental  conditions 
play  a  major  role  when  you  choose  pest  management 
procedures.  In  some  situations,  winds  predict  the  time, 
place,  and  type  of  control  you  use.  Generally,  outdoor 
spraying  operations  will  not  be  performed  when  wind 
speeds  of  over  8  mph  create  drift  hazards.  You  should  never 
do  outdoor  ultralow-volume  dispersal  operations  if  wind 
speeds  exceed  8  mph  because  chemicals  would  be  blown 
away,  wasting  materials,  time,  and  effort  and  increasing 
environmental  hazards. 

Moderate  winds  can  be  quite  helpful  when  you  treat  areas 
such  as  ponds  and  tall  trees  that  you  otherwise  can't  treat 
with  normal  pesticide  dispersal  equipment. 

Rain  can  wash  away  residual  sprays  you've  applied  to 
trees,  shrubs,  and  grasses  and  make  reaccomplishment 
necessary.  In  view  of  this,  residual  spraying  operations 
outdoors  should  not  be  done  if  you  suspect  rainfall.  Rains 
will  sometimes  necessitate  your  redoing  mosquito  larvicide 
operations  in  some  cases.  In  other  cases  the  rain  may  act  as 
a  natural  control  by  causing  an  overflow  of  water  holding 
areas  that  contain  mosquito  larvae,  thus  eliminating  the 
need  for  applied  controls. 
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Rains  can  also  bring  problems  with  pests  you  don't 
normally  encounter  during  dry  weather.  During  continuous 
rainy  conditions  there  seems  to  be  an  overabundance  of 
mosquitoes,  snails  and  slugs,  flies,  cockroaches »  earwigs, 
crickets,  and  rats  and  mice,  along  with  ny  other  pests 
causing  unusual  concern  to  building  occu'^  aits  during  rainy 
periods.  At  the  same  t?>me,  fungi  car  s  great  concern 
because  they  thrive  on  mo;  sture. 

Considering  environmttntal  conditions  as  a  basis  for 
selecting  pest  management  procedures  involves  much  more 
than  just  the  wind  and  rain.  You  must  consider  all  aspects  of 
the  environment.  The  terrain  and  presence  of  all  beneficial 
plants  and  animals  must  be  considered  at  all  times  to 
prevent  contamination  of  water  sources  and  damage  to 
nontarget  organisms. 

Need  for  permanent  or  temporary  controls.  You  must 
give  consideration  to  the  long-range  plans  for  your 
installation  when  you  decide  whether  permanent  or 
temporary  controls  will  be  emphasized.  If  there  arc  long- 
range  plans  for  the  base  or  installation  to  be  in  existence, 
permaneiit  controls  should  be  emphasized. 

Initially,  permanent  controls  may  be  more  expensive 
than  temporary  controls  but  most  often  will  be  less 
expensive  in  terms  of  repeated  use  of  materials,  equipment, 
and  work-hours  spent  on  temporaiy  controls.  Permanent 
control  measures  can  often  be  coordinated  with  other  base 
activities.  For  instance,  if  an  area  is  being  excavated, 
arrangements  can  be  made  to  use  the  earth  to  fill  mosquito 
breeding  areas  as  long  as  it  doesn't  violate  environmental 
protection  policies  within  the  area. 

Temporary  controls  must  be  considered  on  the  basis  of 
merit.  These  controls  offer  no  long-term  benefits,  but  they 
are  normally  less  expensive  at  first.  Temporary  controls  are 
required  in  situations  such  as  reacting  to  emergency  pest 
problems  and  operating  on  an  austere  budget.  When 
temporary  controls  are  used  understand  that  they  only  offer 
immediate  relief,  and  you  should  be  thinking  of  permanent 
controls  that  would  prevent  reoccurrences  of  the  same 
problem . 

When  selecting  permanent  or  temporary  pest 
management  procedures,  consider  the  following  elements: 

•  Urgency  of  the  problem. 

•  Environmental  protection  laws. 

•  Available    resources    such    as    personnel,  .ime, 
materials,  and  equipment. 

Although  permanent  control  programs  are  generally 
difficult  to  sell  to  higher  management,  they  are  the  best  and 
least  expensive  in  the  long  range.  Stress  this,  but  keep  in 
mind,  selling  this  program  to  the  higher  levels  of 
management  requires  strong  justification  and  is  entirely 
dependent  upon  your  ability  to  present  all  the  facts. 

Available  resources.  Your  selection  of  pest  management 
procedures  is  partially  based  upon  the  resources  available  to 
you.  Some  pest  management  programs  you  would  like  to 
start  may  be  impossible  if  you  can't  get  the  right  equipment 
or  materials.  Other  barriers  that  might  be  in  your  way  are  a 
shortage  of  personnel  and  funds. 

When  confronted  with  these  problems,  it  is  your 
responsibility  to  get  the  resources  you  need  to  select  and 


develop  an  alternative  pest  management  program  that  will 
be  safe  and  effective. 

Safety  and  effectiveness.  The  safety  and  effectiveness  of 
pest  management  procedures  are  the  two  most  important 
aspects  you  must  consider,  and  all  phases  of  pest 
management  planning  must  be  based  upon  them. 

Safety  is  the  first  and  most  important  aspect  to  consider. 
If  you  think  a  program  can't  be  done  safely,  then  it  should 
be  abolished  and  an  alternative  method  used,  even  though  it 
may  be  less  effective. 

There  are  many  programs  you  can  use  effectively  to 
manage  pests,  but  when  selecting  a  program  that  is  safe  and 
still  effective,  it  may  reduce  your  choices  considerably. 

Exercises  (221): 

1.  Match  the  factors  to  be  considered  by  placing  the 
appropriate  letter  or  letters  in  Column  B  beside  the 
applicable  numbered  statement  in  Column  A.  More 
than  one  factor  may  be  considered  for  each  statement. 


Column  A 

Column  B 

(1)  Pests  to  be  controlled. 

a. 

Beneficial     or  detrimental 

(2)  Location  of  pests. 

aspects  of  pests. 

(3)  Environmental 

b. 

Availability  of  funds. 

conditions. 

c. 

Tpopography  of  the  area. 

(4)  Permanent  or  temporary 

d. 

All  phases  of  the  program. 

controls. 

e. 

Material      and  equipment 

(5)  Available  resources. 

requirements. 

(6)  Safety  and 

f. 

Wind  speed  and  direction. 

effectiveness. 

g- 

Types  of  pests  causing  the 

problem. 

h. 

Personnel  requirements. 

i. 

Other  plants  and  animals  in 

the  area. 

j- 

Future  base  plans. 

222.  Specify  which  organizations  you  should  coordinate 
with  when  completing  certain  IPM  activities. 

Pest  Management  Coordination.  One  of  the  basic  facts 
about  IPM  is  that  no  one  person  or  section  is  responsible  for 
conducting  all  phases  of  a  pest  management  program— you 
can't  possibly  carry  out  all  of  the  steps  involved  on  your 
own  even  in  the  simplest  programs.  Becau.se  of  this,  not 
only  must  you  maintain  close  coordination  with  other  civil 
engineer  (CE)  shops  and  activities,  you  must  also 
communicate  effectively  with  other  organizations  and 
building  occupants  to  get  control  of  household  and  other 
pests.  And  don't  forget  off-base  activities;  keep  in  mind  the 
material  you  learned  in  lesson  220  when  you're  planning  or 
conducting  your  programs,  and  use  it  when  you  need. 

The  quantity  and  quality  of  support  by  various  activities 
will  be  greatly  dependent  on  your  knowledge  of  their 
resi>onsibilities  and  capabilities,  and  also  your  ability  to  be 
tactful  and  efficient.  Now  let's  look  at  what  these  activities 
are  and  how  they  can  help  you . 

Base  and  command  activities  and  responsibilities.  There 
are  many  activities  within  your  own  organization  that  can 
render  immense  support,  upon  approval,  in  pest 
management  from  the  very  beginning  (planning  stage)  to 
the  end  (pests  being  managed). 
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The  financial  management  section  becomes  involved  in 
every  pest  management  program;  this  involvement  depends 
on  the  scope  of  each  pest  management  program.  If  pest 
management  can  be  accomplished  with  a  service  call,  this 
section  may  only  need  to  record  the  expenditures,  location, 
and  type  of  treatment  performed;  however,  if  it  requires 
work  order  accomplishment,  then  they  become  much  more 
involved.  With  your  help,  financial  management  section 
must  then  develop  a  program  to  identify  the  location  and 
urgency  of  the  job,  type  of  work  to  be  performed,  materials 
and  equipment  required,  other  sections  to  be  involved,  and 
sequence  of  events.  Based  upon  this  information,  they 
estimate  the  total  cost  of  your  program,  get  the  materials 
and  equipment  you  need,  schedule  the  sequence  of  events, 
and  monitor  all  phases  of  the  program. 

The  sections  within  your  own  career  ladder  that  can  offer 
support  are  the  refuse  collection  and  disposal  and 
environmental  support  sections.  The  refuse  collection  and 
disposal  section  can  make  your  job  much  easier  by 
exercising  proper  techniques  in  collecting  and  disposing  of 
base  refuse.  This  way  breeding  matter,  food  sources,  and 
harborages  for  pests  are  eliminated,  thereby  reducing 
conditions  which  promote  pest  infestations. 

The  environmental  support  section  can  often  help  you  in 
maintaining  pumps  on  pesticide  dispersal  equipment.  In 
doing  this,  maintenance  expenses  are  reduced  and  your 
efficiency  is  increased.  While  on  the  subject  of  equipment 
maintenance,  take  a  look  at  the  other  sections  within  your 
own  organization  that  can  offer  assistance. 

Power  Production  can  be  very  instrumental  in  performing 
maintenance  on  many  four-cylinder  engines  on  some 
equipment  items;  whereas  Pavements  and  Grounds  can  help 
maintain  two-cylinder  engines.  Protective  coating  can  help 
recondition  your  equipment  by  removing  corrosion  and 
deteriorated  paint  and  applying  new  paint.  Metal 
fabrication  can  straighten  and  repair  most  metals  associated 
with  powered  pesticide  dispersal  equipment  and  fabricating 
certain  metal  items  used  for  equipment  modifications.  In 
addition,  this  section  can  fabricate  bait  stations  and  shields 
to  be  used  in  pest  proofing  base  facilities. 

The  carpentry  and  masonry  sections  within  CE  play  a 
very  important  role  in  many  pest  management  programs. 
They  are  responsible  for  removing  portions  of  structures 
when  necessary  to  help  you  get  to  the  source  of  pest 
problems;  then,  they  will  .eplace  or  repair  portions 
removed  or  damaged.  These  sections  can  also  help  pest 
proof  base  facilities  by  repairing  or  replacing  doors, 
windows,  and  screens  and  by  filling  in  or  covering  up 
cracks  and  crevices  in  walls  and  ceilings  and  around  pipes 
that  enter  the  builuing. 

The  plumbing  and  heat  systems  sections  are  important  in 
identifying  the  location  of  water,  steam,  and  fire- 
extinguishing  lines  in  all  areas  of  the  base.  This  often 
^^^comes  necessary  when  you're  treating  for  subterranean 

mites. 

The  interior  electric  section  is  an  invaluable  source  for 
•ng  information  about  the  location  of  electrical  wiring 
-)anel  boxes.  Many  pest  management  situations  require 
electrical  power  to  facilities  be  shut  off  before  you  can 
your  work.   When  fogging  or  aerosoling  indoors. 


electrical  power  must  be  shut  off  to  reduce  explosion  and 
fire  hazards. 

The  equipment  section,  along  with  pavements  and 
grounds,  becomes  involved  when  pest  management 
programs  include  excavating  or  filling  to  eliminate 
mosquito  breeding  areas  and  to  give  an  appropriate  grade 
allowing  water  to  drain  away  from  buildings  to  resolve 
conditions  that  would  be  conducive  to  decay,  fungi,  and 
termites. 

As  you  have  seen,  almost  all  sections  within  your  own 
organization  have  a  hand  in  pest  management  every  now 
and  then  to  make  your  job  easier  and  more  professional;  but 
there  are  even  more  helpful  activities  on  base. 

Environmental  health  personnel  are  responsible  for 
conducting  surveys  for  health-related  pests  on  base  and  for 
making  recommendations  as  to  the  management  programs 
to  be  implemented  against  medically  related  pests.  They 
also  monitor  the  types  of  pesticides  used  on  base  and  the 
management  techniques  employed.  This  section  monitors 
industrial-related  health  hazards  and  performs  physicals  on 
individuals  who  work  in  areas  that  have  been  identified  as 
hazardous  or  in  food-serving  facilities. 

As  a  pest  manager,  you  must  have  occupational  physicals 
performed  periodically  by  these  individuals  to  test  your 
hearing  and  to  determ^^c  the  levels  of  toxic  chemicals 
within  your  body. 

The  base  veterinary  section  insures  that  base  facilities  are 
kept  clean  at  all  times,  especially  base  dining  and  food 
service  facilities.  Through  the  combined  efforts  of  you  and 
the  base  veterinarian,  many  pests  can  be  managed 
effectively  and  safely  by  identifying  unsanitary  conditions 
and  taking  actions  to  correct  them.  The  base  veterinary 
services  also  helps  detect  stored-product  pests  and  identify 
diseases  transmitted  by  dogs,  cats,  skunks,  and  other 
animals  on  base. 

The  ground  safety  office  can  help  you  get  safety  items  to 
help  protect  you  during  pest  management  operations.  This 
office  also  performs  periodic  inspections  to  detect  unsafe 
working  practices  and  conditions.  If  your  shop  is  not 
adequate  for  storing  and  mixing  pesticides  or  if  it  is  not 
properly  lighted,  the  ground  safety  office  is  the  place  to  go 
if  you  can't  get  support  within  your  own  organization. 

The  Traffic  Management  Branch  becomes  involved 
when  you  must  clear  railcars  fumigated  with  Phostoxin. 
The  freight  section  must  notify  you  upon  the  arrival  of  a 
fumigated  railcar,  and  they  must  conduct  the  actual  removal 
of  the  securing  seal. 

Other  branches  such  as  Traffic  Management  and  Vehicle 
Maintenance  can  support  you  in  obtaining  additional 
transportation  when  you  need  it.  They  will  maintain  the 
vehicle  assigned  to  your  section,  with  the  exception  of 
performing  operator  maintenance,  which  is  your 
responsibility. 

Of  course,  there  are  many  more  activities  on  base  that 
you  will  need  to  coordinate  with  from  time  to  time  .such  as 
the  base  information  office  and  field  maintenance 
organization;  but,  the  ones  that  have  been  discussed  are  the 
activities  you  will  coordinate  with  most  often. 

Coordinating  with  major  commands  is  generally 
restricted  to  problems  that  cannot  be  accomplished  at  base 
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level  concerning  pest  management  and  to 
certification/recertification  of  pest  managers.  If  you  have 
questions  concerning  any  pest  management  situation  that 
you  feel  has  not  been  answered  adequately  from  sources  on 
base,  then  you  should  request  assistance  from  the  command 
pest  management  professional  or  representative  of  that 
function  using  the  proper  chain  of  command. 

Coordination  with  the  major  command  is  required 
anytime  you  think  that  pesticides  must  be  applied  by 
aircraft.  There  are  many  pest  management  programs  and 
pesticides  that  must  be  approved  at  major  command  level 
prior  to  their  use.  Be  sure  that  the  programs  you  plan  are 
safe  and  approved  before  you  implement  them . 

The  U.S.  Public  Health  Service  has  funds  that  are 
available  for  controlling  malaria,  typhus,  and  other  diseases 
that  appear  on  private  property  adjacent  to  Air  Force  bases. 
If  these  disease-carrying  pests  constitute  a  menace  to  the 
health  of  Air  Force  personnel,  the  base  commander  may 
request,  through  proper  Air  Force  command,  that  the  Public 
Health  Service  make  a  survey  of  the  surrounding  jirea.  If  the 
survey  shows  the  existence  of  a  dangerous  condition,  the 
agency  will  perform  the  work  at  its  own  expense. 

Many  of  the  management  procedures  now  used  to  combat 
pests  have  been  developed  by  the  Bureau  of  Entomology 
and  Plant  Quarantine  of  the  U.S.  Department  of 
Agriculture.  Personnel  from  this  department  may  assist  the 
civil  engineer  in  the  control  of  termites,  Japanese  beetles, 
grasshoppers,  etc.  However,  the  request  for  assistance 
must  be  sent  directly  to  the  Department  of  Agriculture. 

The  Fish  and  Wildlife  Service  of  the  U.S.  Department  of 
Interior  may  give,  upon  request,  technical  aid  in  controlling 
rats,  mice,  ground  squirrels,  other  rodent  pests,  and 
coyotes. 

State,  county,  and  city  control  agencies  are  very 
important  to  the  Air  Force,  because  they  carry  on  active 
mosquito  control  operations  and  cooperate  in  keeping  down 
the  occurrence  of  rats,  flies,  ani  other  pests  off  base.  On  the 
other  nand,  it  is  the  responsibility  ol  the  base  civil  engineer 
to  eliminate  base  conditions  which  may  adversely  affect  the 
surrounding  community.  Close  cooperation,  both  on  and 
off  base,  is  essential  if  effective  results  are  to  be  obtained  in 
the  war  against  pests. 

Exercises  (222): 

1 .  Match  the  activity  or  activities  in  column  B  with  the 
problem  situation  in  column  A  by  placing  the 
appropriate  letter  of  letters  beside  the  applicable 
number. 


Column  A 

(1)  A  pump  on  the  powered 
dispersal  equipment  needs 
repairing. 

(2)  The  location  of  panel 
boxes  and  wiring  needs  to 
be  identified  inside  a  facil- 
ity before  you  perform 
pest  management  opera- 
tions- 

(3)  An  additional  vehicle  is 
required  to  accomplish  a 
specific  type  of  pest 
management  operation. 


Column  B 

a.  Base  Information 
Office. 

b.  Environmental  Health. 

c.  Environmental  Support. 

d.  Ground  Safety. 

e.  Interior  Electric. 

f.  Major  Command. 

g.  Power  Production. 

h.  Traffic  Management. 

i.  U.S.  Dept  of  Agriciul- 
ture. 

j.  U.S.  Department  of  the 
Interior. 


Column  B 

Base  Veterinary  Ser- 
vices. 

Exterior  Electric. 
Protective  Coating. 
U.S.  Public  Health  Ser- 
vices. 


Column  A 

(4)  A  pest  problem  exists  on  k. 
base  and  the  only  way  it 

can  be  brought  under  con-  1. 
trol  is  by  aerial  dispersal  m. 
of  pesticides.  n. 

(5)  Assistance  is  required 
from  sources  off  base  to 
control  Japanese  beetles. 

(6)  Assistance  is  required  in 
overhauling  a  four- 
cylinder  engine  on  a  mist- 
dust  blower. 

(7)  Surveys  are  needed  to 
determine  the  presence  of 
medically  important  pests. 

(8)  Additional  information  is 
needed  concerning  the 
safety  aspect  of  a  particu- 
lar pest  management  pro- 
gram. 

.  (9)  A  basewide  pest  manage- 
ment program  is  to  be 
started,  and  all  base  per- 
sonnel must  be  advised  as 
to  when  the  program  will 
be  conducted  and  the 
actions  they  must  take. 

.  (10)  Technical  assistance  is 
required  for  controlling 
coyotes  that  have  become 
established  on  base. 

.  (II)  Support  is  needed  in 
demanding  that  unsanitary 
conditions  indoors  be 
corrected. 


2-4.  Methods  of  Applied  Pest  Management 

Now  that  you  understand  the  principles  and  background 
of  IPM,  we  need  to  carry  our  classification  process  one  step 
further  and  study  the  various  methods  involved  in  just  one 
IPM  category — chemical  controls.  We'll  begin  by 
reviewing  basic  pesticide  dispersal  methods  and  then 
explore  various  chemical  treatment  methods  for  arthropods 
and  vegetation. 

223.  Specify  the  best  pesticide  dispersal  method  for 
given  situations. 

Pesticide  Dispersal  Methods.  Although  ^ve  have  several 
basic  methods  for  dispersing  pesticides,  one  method  is 
usually  better  for  a  specific  control  situation  than  any  other. 
Your  ability  to  select  the  best  method  requires  a  thorough 
understanding  of  the  basic  principles  involved.  The  basic 
principles  of  chemical  control  methods  most  commonly 
used  are  described  below. 

Fumigating.  Fumigation  involves  using  gaseous  poisons 
(fumigants)  to  kill  plant  and  animal  pests.  The  lethal 
(deadly)  activity  of  fumigants  depends  on  their  being  drawn 
into  the  body  through  the  respiratory  system.  Because  of 
their  extremely  small  particle  size  you  must  use  fumigants 
in  airtight  or  nearly  airtight  spaces.  This  is  necessary  to 
prevent  dissipation  before  an  adequate  exposure  period 
elapses. 
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Fumigation  includes  using  vacuum  chambers  at  major 
supply  depots,  calcium  cyanide  for  fumigating  rodent 
burrows,  paradichlorobenzene  (PDB)  or  naphthalene  for 
protecting  clothing,  and  the  limited  use  of  methyl  bromide 
in  atmospheric  fumigation  bags  and  chambers. 

Hydrogen  phosphide  funiigation  is  used  by  the  Armed 
Forces  using  aluminum  phosphide  fumigant  This  is  very 
beneficial  for  intransit  fumigation  of  stored  foods  to  rid  the 
commodities  of  stored-food  pests  and  has  taken  the  place  of 
many  fumigants  in  inplace  fumigation. 

Although  structural  fumigation  is  most  often 
accomplished  by  contract,  you  should  be  aware  that  methyl 
bromide  and  sulfuryl  flouride  are  two  fumigants  that  are 
commonly  used. 

Aerosoling.  Aerosols  (including  ultralow-volume 
dispersal)  may  be  defined  as  assemblages  of  solid  or  liquid 
particles  suspended  in  air.  Based  on  the  mode  of 
production,  there  are  two  main  types  of  aerosols,  cold  and 
thermal.  Cold  aerosols  are  usually  produced  by  combining 
an  insecticidal  agent  with  a  very  low-boiling  liquid  and 
discharging  it  by  its  vapor  pressure  through  a  smail  orifice. 
Thermal  aerosols  are  produced  by  atomizing  a  liquid 
insecticide  solution  with  either  hot  gases  or  superheated 
steam.  This  insecticide  dispersal  method  is  called  fogging. 

The  advantage  of  ultralow-volume  dispersal  is  the 
capability  of  dispensing  small  volumes  of  concentrated 
pesticides,  as  an  aerosol,  over  large  areas  rather  than  the 
conventional  diluted  formulations. 

When  pesticides  are  dispersed  as  aerosols,  the  size  of  the 
particles  range  from  0.1  to  50  microns  with  80  percent  of 
the  particles  being  less  than  30  microns. 

Aerosols  are  generally  used  indoors  for  controlling  flying 
insects  with  exception  to  the  ultralow-volume  (ULV) 
application  method  and  when  aerosols  are  used  for  the 
purpose  of  flushing  pests  from  their  harborages. 

The  aerosols  are  used  frequently  in  the  disinsection  of 
aircraft  to  prevent  introduction  of  pests  uncommon  to 
various  regions  of  the  world. 

Bl  Misting,  Mists  are  dispersed  pesticides  with 
intermediate  size  particles  ranging  in  size  from  50  to  100 
microns.  They  are  effective  methods  for  outside  space 
treatment.  With  care,  they  can  be  used  to  considerable 
advantage  for  indoor  treatment  and,  because  of  the  large 
particle  sizes,  can  be  used  under  a  wider  range  of  weather 
conditions  than  aerosols.  Penetration  of  dense  vegetation  is 
less  satisfactory  with  mists  than  aerosols;  however,  mists 
give  more  residual  effect  than  aerosols. 

Mists  can  be  used  quite  effectively  for  treating  small 
ponds,  lakes,  and  marshy  areas  in  adulticiding  operations 
because  the  particles  will  carry  much  farther  in  the  wind 
than  spray  particles. 

Spraying.  Spraying  is  defined  as  the  application  of  liquid 
pesticides.  However,  with  the  appearance  of  the  new 
methods  of  application  (aerosoling  and  misting),  spraying  is 
now  confined  to  the  application  of  liquids  atomized  into 
droplets  of  100  microns  in  diameter.  Because  of  the  larger 
sizes,  spray  particles  "fall  out"  more  rapidly  than  mist 
particles;  as  a  consequence,  sprays  are  principally  used  for 
insecticide  application  to  body  surfaces  or  surfaces  that 
pests  will  contact  or  ingest  at  some  later  date. 


Sprays  are  used  in  treating  Ibocl-handling  facilities  to 
apply  residuals  to  cracks  and  crevices  and  can  also  be  used 
to  apply  residuals  to  interior  and  exterior  surfaces  of  other 
base  facilities. 

Sprays  are  used  extensively  in  termite  treatment 
operations  such  as  sub-slab  injection,  soil  poisoning, 
trenching,  and  for  applying  herbicides  to  terrestrial  and 
aquatic  vegetative  pests. 

In  addition  to  the  uses  already  mentioned,  sprays  can  be 
used  for  treating  sewage-trickling  filter  beds  and  for 
applying  residuals  to  vegetation  for  controlling  pests  of 
vegetation. 

Brushing,  Using  a  paint  brush  or  another  bristle  brush  is 
becoming  an  increasingly  popular  method  for  applying 
liquid  pesticides.  Brushing  puts  the  pesticide  only  where 
you  want  it  to  go.  Spraying,  by  comparison,  doesn't  always 
put  down  a  uniform  band  of  chemical  and  there  may  be 
spattering  or  dripping. 

Dusting,  Dusting  is  the  dispersal  of  pesticides  in  the  form 
of  solid  particles.  Generally,  the  sizes  of  dust  particles  are 
practically  the  same  as  liquid  particles.  Dusts  are  very 
effective  against  crawling  insects,  particularly  those 
confined  to  limited  areas.  If  properly  applied,  dusts  are  less 
hazardous  to  domestic  plants  and  animals  than  gaseous  and 
liquid  pesticides  because  they  are  less  readily  absorbed.  If 
not  disturbed,  dusts  retain  their  effectiveness  longer  than 
liquid  applications.  For  contact  killing,  dusts  take  longer  to 
act  than  volatile  liquid  materials;  they  do  not  adhere  well  to 
surfaces;  and  they  do  not  form  a  continuous  layer  over 
surfaces  as  liquid  applications  do. 

You  should  always  apply  dusts  to  areas  that  present 
electrical  hazards  such  as  electrical  panel  boxes,  outlets, 
and  motorized  equipment. 

Dusts  can  be  applied  to  indoor  and  outdoor  areas;  but  if 
you  use  them  indoors,  generally  put  them  in  areas  where 
they  cannot  be  seen  due  to  ^he  unsightly  appearance.  In 
outdoor  areas,  dusts  are  very  effective  in  controlling  pests 
of  vegetation  and  ectoparasites. 

Granulating,  Granules  or  pellets  impregnated  with  the 
desired  pesticide  has  certain  advantages  over  dusts  or 
liquids.  You  can  use  them  to  penetrate  heavy  vegetative 
cover.  The  granular  material  is  designed  to  liberate  the 
pesticide  slowly  for  longer  lasting  effectiveness.  Granules 
have  been  used  successfully  to  release  larvicides  and 
herbicides  below  the  water  surface  for  control  of  mosquito 
larvae  and  weeds.  This  places  the  pesticide  where  the 
greatest  benefit  will  be  obtained  and  avoids  loss  of  the 
materials  by  wind  action  when  dust  is  applied  on  the  water 
surface. 

Granules  can  also  be  used  to  control  grubs  and  many 
other  pest  larvae  that  develop  below  the  earth  surface 
because  of  the  slow  dissipation  rate.  In  addition,  granules 
are  often  used  for  controlling  vegetation  in  many  areas. 

Baiting.  You  can  prepare  baits  a.s  solids  or  liquids  or,  as 
is  most  commonly  done,  purchase  premixed  baits  which  are 
generally  used  in  rodent  control  programs.  Baits  are 
prepared  by  mixing  toxicants  with  many  types  of  food 
substances,  depending  upon  the  substance  preferred  by  the 
pests  you  desire  to  control. 
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In  addition  to  the  use  of  baits  for  controlling  rodents, 
baits  are  increasingly  being  used  for  controlling 
cockroaches,  ants,  flies  and  snails. 

When  baits  are  used  they  must  be  checked  and 
replenished  frequently  and  should  be  placed  in  out-of-the 
way  susceptible  areas. 


Exercises  (223): 

1.  What  pesticide  dispersal  method  would  probably  be 
most  appropriate  for  treating  small  lakes  and  ponds  to 
control  adult  mosquitoes? 


2.  Which  method  should  you  use  to  treat  a  large  outdoor 
area  to  control  crawling  insects,  without  harming 
vegetation? 


3.  To  kill  stored-products  pests  within  food  commodities, 
what  would  the  best  dispersal  method  be? 


4.  What  dispersal  method  would  you  prefer  to  flush  many 
types  of  insect  pests  from  their  harborages  to  conduct  a 
survey  or  to  get  a  more  rapid  kill? 


5.   What  dispersal  method  is  used  to  treat  rodent  burrows 
and  get  a  quick  kill? 


6.   Which  dispersal  method  gives  the  best  penetration  of 
heavily  vegetated  areas? 


224,  Identify  characteristics  of  the  two  arthropod 
treatment  categories. 

Treatments  for  Managing  Arthropods.  The  type  of 
treatment  you  can  use  to  manage  arthropods  is  a  major 
determining  factor  for  selecting  equipment  (see  Volume  3) 
and  getting  optimum  control  of  insect  pests.  The  types  of 
treatments  fall  into  two  broad  categories — residual  and 
space  treatments.  Each  of  these  types  includes  several 
pesticide  dispersal  methods. 

Residual  treatment.  This  term  refers  to  applying 
pesticides  that  can  remain  effective  for  several  days,  weeks, 
or  months  on  surfaces  where  pests  may  feed,  rest,  or  merely 
crawl.  As  a  result,  the  pests  don't  have  to  be  present  when 
you  apply  the  chemical  since  they'll  be  killed  after  having 
contacted  treated  surfaces.  (Additionally,  you  don't  have  to 
lay  eyes  on  every  bug  you  kill . ) 


The  length  of  time  a  residual  treatment  remains  effective 
depends  on  several  factors,  including: 

•  Type  of  pesticide. 

•  Type  of  surface. 

•  Exposure  to  weather. 

•  Effects  of  cleaning  operation. 

•  Dosage  rate. 

You  can  npply  residuals  as  solutions,  emulsions, 
technical  grade  pesticides,  suspensions,  dusts  or  granules 
by  any  dispersal  method  designed  to  handle  your  desired 
formulation.  Another  advantage  is  that  residuals  can  be 
used  in  both  preventive  and  corrective  control  programs. 

The  equipment  you  pick  for  residual  treatment  will 
depend  on  where  you  apply  the  pesticide,  the  size  of  the 
area  you  treat,  the  type  of  formulation  you  use,  and  your 
method  of  application.  For  example,  you  wouldn't  choose  a 
manually  operated  piece  of  equipment  to  treat  two  outdoor 
acres,  nor  would  you  use  a  large  equipment  item  to  treat 
small  indoor  areas.  Furthermore,  you  can't  use  some 
formulations  in  certain  equipment  items  because  damage 
may  result  or  the  equipment  may  not  be  able  to  handle  the 
mixture.  As  an  example,  since  suspensions  are  often 
corrosive  and  gritty,  some  pesticide  pumps  may  be 
damaged  or  strainers,  lines,  and  nozzles  may  become 
clogged. 

Space  treatment.  This  term  applies  to  dispersing 
pesticides  into  the  air,  either  indoors  or  outdoors.  Space 
treatments  kill  pests  that  are  present  at  the  time  of  treatment 
or  shortly  after  the  treatment. 

You  can  use  emulsions  or  solutions  for  space  treatments, 
which  usually  involve  aerosols.  Solutions  are  preferred 
most  of  the  time  since  the  solvent  oil  helps  give  a  quicker 
knockdown  of  flying  insects. 

Here  are  some  advantages  of  using  space  treatments: 

®  Immediate  knockdown  and  kill . 

•  Rapid  applications  to  large  areas. 

•  Relatively  small  amount  of  chemical  needed. 

Space  treatments  are  more  effective  indoors  since  there  is 
much  less  air  movement;  this  lets  the  fine  spray  particle 
remain  suspended  in  the  air  for  a  longer  lime  than  outside 
treatments.  On  the  other  hand,  a  major  disadvantage  of 
space  treatments  in  general  is  that  there  is  no  residual 
effect,  so  your  efforts  are  only  corrective  in  nature,  not 
preventive.  Finally,  only  the  pests  present  at  the  time  of 
treatment  are  affected. 

As  you  learned  earlier  in  this  lesson,  residual  and  space 
treatments  are  the  two  main  categories  of  chemical  control 
measures.  These  have  further  breakdowns,  however,  and 
we'll  spend  the  rest  of  this  lesson  discussing  them. 

Crack  and  crevice  treatment.  This  term  applies  to 
treatments  where  you  apply  small  amounts  of  pesticides 
into  cracks  and  crevices  where  insects  hide,  or  through 
which  they  may  enter  buildings.  It's  used  primarily  in 
food-handling  facilities  where  food  is  received,  prepared, 
stored,  and  served,  except  in  the  dining  area  where  the  food 
is  under  the  control  of  the  person  eating  it.  Openings  where 
you  apply  the  chemical  include: 

•  Expansion  joints. 

•  Between  different  elements  of  construction. 

•  Between  equipment  and  floors. 
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•  Inside  hollow  walls. 

•  Equipment  legs  and  bases. 

•  Conduits. 

•  Motor  housings. 

•  Junction  or  switch  boxes. 

Crack  and  crevice  treatments  have  some  very  important 
advantages  over  other  spraying  or  dusting  techniques. 
Possible  contamination  of  food,  utensils,  serving  lines,  and 
dining  crew  is  greatly  reduced.  Less  chemical  is  used. 
Assuming  you  do  a  proper  job,  you  get  better  control 
because  you're  putting  the  pesticide  where  it  can  do  the 
most  good — where  the  insects  live  and  breed.  Finally,  your 
residual  lasts  longer  because  the  chemical  is  away  from 
contact  by  cleaning  operations. 

You  can  use  solutions,  emulsions,  or  dusts  for  crack  and 
crevice  treatments,  but  don't  stop  there;  also  use  aerosols  to 
flush  or  speed  up  the  kill  of  pests  living  in  these  jireas. 

Baseboard  treatment.  This  term  applies  to  using  liquid 
residual  pesticides  on  baseboards,  door  facings,  and  room 
comers  in  a  facility.  It's  a  very  common  treatment,  and  you 
possibly  use  it  more  than  any  other  type  of  indoor 
treatment,  other  than  where  food  is  prepared  and  served. 
However,  since  crack  and  crevice  treatments  have  so  many 
benefits,  think  twice  before  you  conduct  baseboard 
treatments.  Ideally,  you  should  use  baseboard  treatments 
only  where  the  pests'  habits  and  other  factors  w£irrant  them. 

Spot  treatment.  This  term  can  apply  to  both  crack  and 
crevice  and  the  baseboard  applications  or  any  other  residual 
treatment  that  is  not  a  complete  treatment  of  an  entire  area. 
The  spot  treatment  term  is  probably  more  often  referred  to 
when  speaking  of  an  incomplete  treatment  of  a  facility  to 
manage  cockroaches,  termites,  ants,  and  wasps. 

Vaporization.  This  term  more  often  refers  to  the  use  of 
dicholorvos  impregnated  pellets,  tablets,  and  resin  strips  for 
space  treatment  of  warehouses  and  retrograde  cargo.  This 
vaporization  type  treatment  is  a  form  of  the  fumigation 
treatment  and  provides  the  same  results. 

Larviciding.  This  term  usually  refers  to  the  application 
of  chemicals  to  water  for  the  control  of  mosquito  larvae  but 
may  also  refer  to  any  such  treatment  designed  to  kill  larvae 
of  other  insects.  Equipment  that  produces  either  a  fine  mist 
or  a  coarse  spray  may  be  used,  depending  upon  whether  a 
heavy,  longlasting  residual  treatment,  or  a  light  application, 
which  will  kill  only  the  mosquito  larvae,  is  desired. 
Larvicides  may  be  applied  as  liquids  or  dusts  from  the 
ground  or  air  or  may  be  added  to  the  water  by  other  means, 
such  as  drip  applicators,  pellets,  or  granules. 

Soil  poisoning.  The  soil  in  which  certain  insects  live 
during  all  or  part  of  the  life  cycle  is  sometimes  poisoned  in 
attempts  to  control  damage  to  plant  roots  or  to  prevent 
emergence  of  the  adults.  A  surface  treatment  with  a  water 
emulsion  may  be  suitable  for  insects  living  just  under  the 
soil  or  lawn  surface.  Deeper  penetration  is  often  difficult  to 
btain  in  some  soils  and  may  not  be  satisfactory.  Termite 
oil  poisoning  requires  great  thoroughness  in  application, 
and  several  types  of  equipment  have  been  devised  for  this 
purpose.  Large  quantities  of  dilute  formulations  applied  as 
coarse  sprays  are  normally  used  in  soil  poisoning. 

(1)  Sub-slab  injection.  This  term  is  often  used  to  denote 
the  type  of  treatment  employed  in  poisoning  the  soil 


beneath  buildings  that  have  concrete  flooring  that  rests 
directly  on  the  soil  surface. 

(2)  Rodding.  This  tem\  also  applies  to  soil  poisoning  and 
is  often  used  in  reference  to  the  insertion  of  perforated 
jointed  pipe  tubings  directly  beneath  flooring  and  above  the 
soil  surface  io  treat  the  soil  beneath  buildings  as  preventive 
or  corrective  control  measures  for  termites. 

Baiting.  The  use  of  poison  baits  is  one  of  the  oldest 
methods  of  pest  control.  The  treatment  of  foliage,  upon 
which  insects  feed,  with  chemicals  that  kill  by  stomach- 
poison  action  is  another  old  and  common  method  of 
treatment.  Success  with  this  method  depends  upon 
thorough  coverage  of  the  leaves  with  the  insecticide.  Dilute 
formulations,  containing  spreaders  and  stickers,  applied  as 
coarse  sprays  were  used  originally,  but  in  recent  years  there 
has  been  a  very  great  increase  in  application  of  concentrated 
formulations  as  mists  with  many  types  and  sizes  of  mist 
blowers. 

Systemic  poisoning.  The  most  recent  development  in  the 
control  of  plant  feeders  is  the  systematic  poison.  That  is,  a 
chemical  is  taken  up  by  the  plant  and  distributed  throughout 
the  plant  tissues.  This  is  particularly  effective  against 
sucking  insects  that  do  not  feed  on  the  leaf  surfaces.  The 
same  principle  has  been  applied  to  the  control  of 
ectoparasites  on  animals  by  feeding  chemicals  that  are 
harmless  to  the  host  but  kill  the  bloodsucking  parasites. 

Exercises  (224): 

1.  Match  the  proper  treatment  in  column  B  with  the 
characteristics  in  column  A. 


Column  A 

( 1 )  No  value  as  preventative 
control. 

(2)  Provides  preventative  and 
corrective  chemical  control. 

(3)  Effectiveness  dependent  upon 
type  of  surface. 

(4)  Normally  dispersed  as  an  aero- 
sol. 

(5)  Rapid  application  and  immedi- 
ate control. 

(6)  Equipment  used  dependent 
upon  area  of  application. 

(7)  Use  of  small  amounts  of  chemi- 
cals. 

(8)  Insects  do  not  have  to  be  present 
at  time  of  application  to  be 
effective. 

(9)  Baseboard  treatment. 

(10)  Spot  treatment. 

(11)  Larviciding. 
(!2)  Soil  poisoning. 

(13)  Baiting. 

(14)  Systemic. 

(15)  Vaporization. 


Column  B 

a.  Residual  treatment. 

b.  Space  treatment. 


225.  Identify  the  types  of  treatment  used  to  control  pest 
vegetation. 

Treatments  for  Controlling  Vegetation.   You  can 

chemically  control  many  types  of  pest  vegetation, 
depending  on  the  types  and  locations  of  the  plants.  As  with 
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arthropod  control  measures,  the  types  of  treatment  you  use 
will  influence  the  type  of  equipment  you  select. 

Foliage  treatment.  You  can  use  this  method  to  control 
existing  vegetation  by  applying  the  chemical  directly  to  top 
growth  as  contact  sprays.  This  causes  a  burning  of  plant 
tissues  or  affects  hormones  that  control  plant  growth. 

Basal-bark  treatment.  This  is  making  herbicide 
applications  to  the  base  of  tree  trunks  that  are  6  inches  or 
less  in  diameter.  The  spray,  usually  oil-based,  is  applied  to 
a  height  of  2  or  3  feet  on  the  trunk.  This  treatment  is  well 
suited  for  uncut  brush  and  regrowth  from  cut  brush  or  trees, 
particularly  for  selective  control. 

Stump  treatment.  Use  this  treatment  on  freshly  cut  trees 
to  prevent  regrowth.  You  can  either  saturate  the  stump  on 
top  and  all  sides  to  the  ground  line,  or  drill  holes  in  the 
stump  and  put  the  herbicide  in  them. 

Cut-surface  treatment.  This  type  of  treatment  includes 
the  application  of  herbicides  to  frills,  girdles,  cups,  or 
notches  that  have  been  made  to  individual  trees. 

Treatments  to  frills  and  girdles  should  be  accomplished 
by  using  a  liquid  herbicide  formulation;  however,  when 
treatments  are  to  be  made  to  cups  and  notches,  the  herbicide 
formulation  should  be  crystalline. 

Soil  treatment.  This  type  of  treatment  is  used  to  apply 
herbicides  around  the  base  of  grasses,  trees,  and  brush  when 
it  is  desired  that  the  chemical  be  absorbed  through  the  roots. 
This  type  of  treatment  can  be  selective  or  nonselective  in 
form  and  can  be  accomplished  as  a  preemergence  or 
postemergence  treatment. 

a.  Selective  treatment.  This  term  is  used  when 
herbicides  are  applied  to  control  specific  types  of  vegetation 
without  harming  other  vegetation  that  may  be  mixed  in  with 
or  within  the  immediate  vicinity  of  the  vegetation  to  be 
controlled.  This  type  of  treatment  is  commonly  used  to 
control  undesirable  vegetation  that  exists  in  established  turf 
grasses,  such  as  lawns,  golf  courses,  and  parade  grounds. 

b.  Nonselective  treatment.  This  term  is  used  to  denote 
the  application  of  herbicides  to  kill  all  vegetation  within  a 
specific  -irea.  This  type  of  treatment  is  commonly  used  to 
control  vegetation  along  roads,  railroads,  and  fence  rows; 
beneath  utility  lines;  and  around  storm  drains,  culverts, 
utility  poles,  and  sign  posts. 

c.  Preemergence  treatment.  As  the  term  implies,  this 
type  of  treatment  is  performed  to  prevent  seed  germination, 
thereby  preventing  the  establishment  of  vegetation. 

d.  Postemergence  treatment.  This  term  is  used  when 
herbicides  are  applied  to  control  vegetation  that  has  already 
become  established. 

Ditch  bank  treatment.  This  term  is  often  used  to 
distinguish  the  type  of  applications  being  made  to  irrigation 
and  drainage  systems.  This,  as  the  term  implies,  means  that 
herbicides  are  only  being  applied  to  the  sloped  sides  and  not 
in  the  bottom  of  the  irrigation  and  drainage  systems. 

Ditchbottom  treatment.  This  method  is  used  to  control 
aquatic  vegetation  in  ditchbottoms.  Soil  sterilants  are 
usually  used.  Before  you  use  this  control  method,  you 
should  insure  dry  conditions  for  at  least  10  days. 


Ex  ercises  (225): 
1.  Match  the  types  of  treatment  in  column  B  with  the 


proper  descriptions  in  column  A. 

Column  A 

( 1 )  Preemergence  application  to  prevent  seed 
germination. 

(2)  Applied  to  freshly  cut  stumps. 

(3)  Applied  to  drainage  systems. 

(4)  Crystalline     formulation     applied  to 
notches. 

(5)  Applied  to  base  of  trunk. 

(6)  Used  to  control  aquatic  vegetation  in 
ditches. 

(7)  Applied  to  existing  vegetation. 


a. 
b. 
c. 
d. 
e. 
f. 
g- 


Column  B 

Foliage. 

Basal-bark. 

Stump. 

Cut-surface. 

Soil. 

Ditchbank. 
Ditchbottom. 


2-5.  Records  and  Reports 

Th«*.  success  and  continuity  of  a  sound  pest  management 
program  is  determined  by  the  availability  of  accurate 
operational  records  and  reports.  Timeliness  of  control 
measures,  justifiable  estimates  of  funds  and  personnel 
needs,  and  concise  requirements  for  supplies  and  equipment 
can  only  be  available  by  regularly  maintaitiing  a  '  ^uate 
records.  Work  accomplished  and  results  achieved  r  Iso 
be  uniformly  measured  and  periodically  co^  ^d  to 
provide  a  sound  basis  of  support  for  the  value  of  ^ventive 
control  actions. 

This  section  is  devoted  to  identifying  records  and  reports 
directly  related  to  operational  pest  management  programs 
you  must  maintain;  it  also  provides  maintenance 
instructions  for  each. 

226,  Specify  the  purpose  and  use  of  DD  Form  1826, 
Certificate  of  Competency,  and  state  information 
needed  to  obtain  the  form. 

DD  Form   1826,  Certificate  of  Competency.  As 

outlined  in  DOD  Directive  4150,7  and  AFR  91-21,  Pest 
Management  Program,  all  personnel  engaged  in  direct  field 
supervision  of  pest  management  operations  or  those  who 
operate  independently  of  direct  supervision  must  be 
technically  competent  and  thoroughly  familiar  with  all 
phases  of  pest  management  being  performed. 

Purpose,  The  purpose  for  DD  Form  1826  (fig,  2-23)  is  to 
certify  individuals  who  have  proven  they  are  competent  to 
handle  pesticides  in  accordance  with  Federal  laws  and  to 
insure  they  are  aware  and  knowledgeable  of  current  policies 
relating  to  all  phases  of  pest  management. 

There  are  eleven  categories  in  which  you  may  be 
certified,  depending  on  your  experience  and  test  results. 
These  categories  and  their  description  are  shown  in  figure 
2-24.  Testing  is  required  for  all  individuals  coming  under 
the  Federal  Environmental  Pesticide  Control  Act  (FEPCA) 
of  1972. 

Obtaining  DD  Form  1826,  When  you  or  one  of  your 
workers  has  demonstrated  technical  knowledge  and  ability 
and  been  proved  competent  in  pest  management  operation, 
a  letter  requesting  certification  or  recertification  is 
forwarded  through  proper  channels  to  the  designated 
certifying  official. 
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Ornamental  and  Turf  Pest  Control 
Aquatic  Pest  Control 
Rlght-of-Hay  Pest  Control 
Industrial,  Institutional,  Structural 
find  Health  Related  Pest  Control 
Public  Health  Pest  Control 
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CERTIFICATION  CATEGORIES* 


Category 
Number 


Category 
Name 


Includes 


Agricultural  Pest  Control 


2.  Forest  Pest  Control 

3.  Omamentat  and  Turf  Pest  Control 

4-  Seed  Treatment 

5.  Aquatic  Pest  Control 

6.  Right-Of-Way  Pest  Control 


Industrial,  Institutional,  Structural, 
and  Health  Related  Pest  Control 


Public  Health  Pest  Control 


Regulatory  Pest  Control 


10.  Demonstration  and  Research  Pest 

Control 


11>  Aerial  Application  Pest  Control 


a.  Plant:  Using,  or  supervising  the  use  of,  pesticides  on  grasslands 
and  noncropland  weeds. 

b.  Animal:  Using,  or  supervising  the  use  of,  pesticides  on  animals 
and  on  places  on  or  in  which  animals  are  confined. 

Using,  or  supervising  the  use  of,  pesticides  in  forests,  forest  nur- 
series, and  forest  seed  producing  areas. 

Using,  or  supervising  the  use  of,  pesticides  to  control  pests  of 
ornamental  trees,  shrubs,  flowers,  and  turf. 

Using,  or  supervising  the  use  of,  pesticides  or  repellants  on  seeds. 

Using,  or  supervising  the  use  of,  any  herbicides  purposefully 
applied  to  standing  or  running  water. 

Using,  or  supervising  the  use  of,  pesticides  in  the  maintenance  of 
roads,  electric  powerlines,  pipelines,  railway  rights>of-way,  or 
other  similar  areas. 

Using,  or  supervising  the  use  of,  pesticides  in,  on,  or  around  food 
handling  facilities;  human  dwellings;  institutions  such  as  schools 
and  hospitals,  industrial  establishments,  including  warehouses, 
and  any  other  structures  and  adjacent  areas;  and  for  the  protection 
of  stored,  processed,  or  manufactured  products. 

Using,  or  supervising  the  use  of,  pesticides  in  public  health  pro- 
grams for  the  management  and  control  of  pests  having  medical 
importance. 

Using,  or  supervising  the  use  of,  restricted  pesticides  to  prevent 
the  movement  of  pests  into  or  out  of  quarantine  areas. 

(1)  Individuals  who  demonstrate  to  the  public,  the  proper  use  and 
techniques  of  applying  pesticides  or  supervising  such  demonstra- 
tion. 

(2)  Persons  conducting  field  research  with  pesticides,  and  in 
doing  so,  using  or  supervising  the  use  of  pesticides. 

Using,  or  supervising  the  use  of,  pesticides  dispersed  by  aircraft. 


^According  to  40  CFR  171.3  and  DOD  Plan  for  Cenification  of  Pesticide  Applicators. 


Figure  2-24. 
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When  requesting  initial  certification  tor  an  individual, 
the  body  of  the  letter  should  contain  the  following 
information: 

a.  Category  of  certification  requested. 

b.  Name  of  an  individual,  rank/grade,  and  social  security 
number. 

c.  Training  accomplishments  and  length  of  time 
performed  in  the  career  field. 

This  letter  should  be  signed  by  the  base  civil  engineer, 
and  copies  of  recent  training  certificates  related  to  pest 
management  received  by  the  individual  should  be 
forwarded  as  attachments  with  the  letter. 

Recertification  of  individuals  who  presently  hold  a 
certificate  of  competency  is  required  every  3  years  if 
performing  in  either  of  the  capacities  outlined. 

Requests  for  recertification  are  prepared  and  processed  in 
the  same  manners  as  for  certification,  with  only  the 
contents  of  the  letter  body  changed  to  provide  the  following 
information: 

( 1 )  Category  of  certification  requested. 

(2)  Name  of  individual  (last — first  name — middle 
initial). 

(3)  Rank. 

(4)  Social  security  number. 

(5)  Present  certification  number  and  expiration  date. 

(6)  Recent  career  field  training  accomplishments. 

Upon  receipt  of  certification  or  recertification  request, 
the  major  command  pest  management  professional  will 
approve  or  disapprove  the  request.  If  the  request  is 
approved  on  its  own  merits,  a  certificate  of  competency  will 
be  forwarded  to  the  individual;  however,  if  the  certifying 
official  needs  further  justification,  instructions  identifying 
additional  actions  to  be  taken  will  be  forwarded. 

When  certification  is  approved,  the  person  being 
certified  will  receive  DD  Form  1826  and  DD  Form  1826-1, 
a  **pocket  copy"  of  the  diploma.  The  individual  must  keep 
this  small  card  with  him  or  her  at  all  times  when  pest 
management  operations  are  being  conducted. 

A  roster  listing  each  certified  individual,  certification 
number,  and  expiration  date  must  be  maintained  within 
civil  engineering  to  act  as  a  reminder  and  to  identify 
certified  individuals  to  other  concerned  individuals. 


Exercises  (226): 

I.  What   individuals  must  possess 
Certificate  of  Competency? 


DD  Form  1826, 


When  an  individual  is  thought  to  be  properly  prepared 
for  certification,  what  is  the  first  action  to  be  taken? 


5.   List  the  information  that  must  be  provided  to  request 
initial  certification. 


227,  Cite  the  purpose,  use,  and  disposition  of  DD  Form 
1532-1,  Pest  Management  Maintenance  Record,  and 
make  necessary  entries  on  the  form  based  on  a  given 
situation, 

DD  Form  1532-1,  Pest  Management  Maintenance 
Record,  Air  Force  Regulation  91-21  requires  you  to 
maintain  this  form  (fig.  2-25A  and  2-25B)  for  each  facility 
and  area  you  treat  to  control  pests.  The  main  purpose  of  this 
card  is  to  help  you  maintain  a  complete  record  of  all  pest 
problems  and  the  procedures  used  to  deal  with  those 
problems,  whether  you  use  chemical  or  other  control 
techniques.  In  effect,  it  gives  you  a  pest  management 
history  of  the  area  or  facility.  This,  in  turn,  helps  you  make 
adjustments  to  your  control  program  as  needed. 
Additionally,  the  form  lets  you  identify  people  who 
previously  worked  at  the  location  and  saves  you  the  trouble 
of  producing  local  forms  or  logbooks,  which  serve  the  same 
purpose.  Workers  should  take  the  cards  with  them  and 
make  necessary  entries  after  control  measures  are 
conducted. 

Filling  out  the  card  is  very  simple,  but  there  is  one 
* 'glitch."  When  you  indicate  the  amount  of  pesticide,  it 
must  be  recorded  in  dry  ounces  of  active  ingredient  rounded 
off  to  the  nearest  whole  number  (for  a  large  area,  you  can 
list  it  in  dry  pounds).  Refer  to  table  2-1  to  see  how  to 
convert  pesticide  amounts  to  dry  ounces. 

When  you've  completed  both  sides  of  this  form,  start  a 
new  one  by  transcribing  the  information  from  the  top  four 
blocks  of  the  old  form  to  the  new  one.  You  can  plan  on  the 
old  cards  being  around  for  a  long  time  on  most  buildings 
since  you  must  keep  them  until  2  years  after  the  treated 
building  is  destroyed. 

Exercises  (227): 
1.   What  is  the  main  purpose  of  DD  Form  L'S32-1? 


How  often  must  individuals  who  disperse  pesticides  be 
recertified? 


2.  When  should  entries  be  made  on  the  form? 


3.  What  is  the  purpose  of  DD  Form  1 826? 


3.  When  can  completed  cards  be  destroyed? 
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BUILDING/AREA 


SIZE 


TYPE  OF 
CONSTRUCTION 


USE  DESIGNATION 


Olt» 


UnHi 
S«rvicad 


Wort 
Origin 


Unit  of 
Measure 


Targe! 
Post 


Control 
Openllon 


IIPNticld«isU8«d 


Nima 


EPAReg 


\Conc 


Amount 


Latnr 
Tln)fl 


Applicator 


DD  "^o™  153M 

82  JAN 


MSF  =  1,000  aquirt  feet 
MCFH,OOOcut)k:f««t 
IFF  ^Unear  feet 
AC  =  Acm 


PEST  MANAGEMENT  MAINTENANCE  RECORD 


MEASUREMENTUNITS  ORIGINOFWORK 


SW-- Scheduled  worlt 
WR  =  Wori(rfqueit 
SC  =  SeiYlceortrtMil)lecall 
R  =  Routine  IntpectkNi 


TYPEOFCONSTRUCTION 

CO^Concffte      WO  ^  Wood 
BL  =  Block        OT- Other 
BV  =  Bricl(  veneer 
ST » Steel,  sheet  metil 


Figure  2-25A,DDFonn  1532-1  (Front), 


Dill 

Units 
Serviced 

Work 
Origin 

Unit  of 
Meiiun 

Tiry6t 
Poit 

Conlrftl 

operation 

IIPMtlcidiltUied 

ljt)or 
Time 

Applidtor 

inltlaia 

Name 

EPA  Reg 

%Conc 

^  1 

- 

REMARKS 

(Attach  sddta/  card  (o  conlinue  record) 


Figure  2-25B,DD  Form  1532-1  (Back), 

169 

o 

ERIC 


TABLE  2-1 

CONVERTING  LIQUID  PESTICIDE  AMOUNTS  TO  DRY  OUNCES 


Situation: 


Other  Necessary  Facts: 


You're  working  with  a  pesticidal  concentrate  containing 
4  pounds  active  ingredient  (AI)  per  gallon.    You  dilute 
it  to  field  strength  by  adding  2.5  ounces  of  concentrate 
to  one  gallon  of  water. 

There  are  128  fluid  ounces  in  a  gallon  of  water.  There  are 
16  dry  ounces  in  a  pound. 


Working  the  Problem:         Since  tne  concentrate  has  4  pounds  AI  per  gallon: 


Step  1  16  dry  ounces  x  4  lbs  1  gal  =  64  dry  ounces  *per  128 

fluid  i.  nces. 

*  "per"  always  means  "divide",  therefore: 

Step  2  64  dry  ounces  divided  by  128  fluid  ounces=  .5  dry  ounces 

per  fluid  ounce. 

Since  you  added  2.5  fluid  ounces  of  concentrate  to  the 
water: 

Step  3  2.5  fluid  ounces  x  .5  dry  ounces  per  fluid  ounce  =  1 .25 

dry_  ounces* 

Steg  4  Round  off  to  the  nearest  whole  ounce  1 .0  dry  ounces  entered 

on  DD  Form  153?-1 . 


4.  Refer  to  figure  2-25A  and  make  further  entries  on  the 
form  using  the  following  information: 

On  22  March  84»  you  receive  a  caU  from  MSgt  Michael  M.  Kelley  in 
the  administration  section  in  Building  1624.  Since  you  treated  all  the 
other  rooms,  his  area  was  invaded  with  cockroaches  and  he  want^ 
them  controlled.  You  returned  to  the  building  the  next  day  and,  as 
you  surveyed  the  section,  you  noticed  a  coffee  pot  area  that  was 
poorly  maintained  and  workers  routinely  kept  candy  and  other 
foodstuffs  in  their  desks.  After  you  explained  the  need  for  higher 
sanitation  standards,  you  used  two  gallons  (3  dry  ounces)  of 
Diazlnon  EC.  Your  total  labor  time  was  1  hour.  (Check  your  entries 
with  those  in  the  answer  section.) 


228.  State  the  purpose,  use,  and  disposition  of  DD  Form 
1070  and  determine  necessary  entries  cn  the  form  based 
on  a  given  situation. 

DD  Form  1070,  Termite  and  Wood  Decay  Inspection. 

A  DD  Form  1070  must  be  maintained  for  each  facility  that 
is  constructed  completely  or  partially  of  wood  on  all 
Federal  installations.  This  includes  virtually  all  facilities, 
regardless  of  preventive  measures  used  in  the  construction. 

Puipose.  Each  facility  that  is  constructed  completely  or 
partly  of  wood  must  be  inspected  for  signs  indicating  the 
presence  of  structural  pests  and  conditions  within  and 
around  the  facility  that  would  be  conducive  to  structural 
pests.  These  inspections  must  be  accomplished  no  less  often 
than  annually  for  each  facility  and  should  be  inspected  at 
least  semiannually.  This  form  serves  as  a  record  of  these 
inspections  and  provides  information  pertaining  to  building 
conditions  and  actions  taken. 


Completion  procedures.  The  DD  Form  1070  is  shown  in 
figure  2-26  with  entries  provided  to  illustrate  its  use.  This 
form  is  not  difficult  to  fill  out,  but  you  must  insure  that  the 
entries  made  on  the  form  indicate  true  conditions  found 
during  the  inspection  of  the  facility.  You  must  also  insure 
that  lecommendations  are  annotated  correctly,  and  when 
recommendations  or  other  actions  have  been  accomplished, 
the  form  must  be  annotated  to  reflect  these  actions. 

Looking  at  figure  2-26,  you  will  notice  that  the  top 
portion  is  used  to  identify  the  number,  type,  and  location  of 
the  facility;  the  date  of  the  inspection;  and  the  inspector's 
name.  If  you  happen  to  be  the  inspector,  you  are 
responsible  for  the  information  entered  or  not  entered  on 
this  form;  therefore,  the  true  conditions  found  inside, 
outside,  and  beneath  a  facility  must  be  accurately  and 
completely  recorded. 

Part  I  is  used  to  indicate  conditions  within  and  around  the 
facility  that  are  conducive  to  structural  pests'  infestations. 
As  an  example,  X-^  have  been  placed  in  this  part  to  identify 
the  conditions  found  during  an  inspection  conducted  on  a 
facility,  and  an  additional  comment  has  been  entered  in  the 
block  identified  as  •'other." 

Part  II  is  used  to  identify  the  location  where  structural 
pests  are  actually  found  during  the  iime  of  the  inspection.  If 
you  will  observe,  no  Xs  have  been  placed  in  any  of  the 
blocks  in  this  part,  which  indicates  there  were  no  structural 
pests  present  at  the  time  the  inspection  was  conducted. 

Parts  III  and  IV  are  used  to  identify  the  type  of  termite 
and  fungi,  respectively,  found  during  the  inspection.  Since 
there  were  no  termites  or  fiingi  observed,  no  entries  were 
made  in  any  of  the  blocks  in  either  of  these  parts. 
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If  termites  or  fungi  has  been  observed,  then  part  V  would 
have  been  used  to  identify  the  type  of  damage  incurred  by 
the  pests  and  the  estimated  cost  of  the  damage. 

Part  VI  is  used  to  reflect  repair  and  treatment 
recommendations  and  the  actual  accomplishment  of 
recommendations.  Still  looking  at  figure  2-26,  observe  the 
entries  in  part  VI  and  compare  them  with  the  entries  in  part 
I.  Note  that  part  VI  should  reflect  recommendations  to 
correct  the  conditions  annotated  in  part  I  in  all  possible 
situations,  as  has  been  done  in  the  illustration  provided.  It 
is  the  inspector's  responsibility  to  initiate  action  to 
accomplish  service  calls  and/or  job  orders  as  applicable. 

As  you  can  see,  an  asterisk  has  been  placed  in  the  portion 
identified  as  ''Other'*  to  denote  that  additional 
recommendations  are  identified  elsewhere  on  the  form  (in 
this  case,  on  the  bottom)  due  to  the  lack  of  sufficient  space. 
These  additional  recommendations  are  used  to  ftirther 
support  the  finds  identified  in  part  I.  Note  footnote  number 
3.  This  was  added  as  a  recommendati<;n  to  correct  the 
situation  identified  in  part  I  in  reference  to  "no  shields  on 
foundation."  Since  it  would  be  almost  impossible  and  very 
impractical  to  install  termite  shields  after  the  building  has 
already  been  constructed,  the  most  practical  thing  to  do  is 
treat  the  soil  on  both  sides  of  the  foundation,  if  not 
previously  accomplished,  which  applies  in  this  situation. 

Upon  completion  of  each  recommended  action,  the  form 
must  be  annotated  in  part  VI  to  reflect  the  actual 
accomplishment  of  recommended  actions. 

Part  VII  is  used  to  identify  the  type,  quantity,  and  method 
of  chemical  control  implemented  to  manage  termites  and/or 
fungi,  and  it  is  also  used  to  identify  measures  taken  to 
correct  damaged  portions  of  the  facility. 

As  you  have  probably  noticed  in  viewing  figure  2-26, 
entries  have  been  made  to  indicate  that  soil  poisoning  was 
accomplished  and  that  chlordane  was  applied  to  a  trench  1 
foot  in  depth  and  900  linear  feet. 

Part  Vlll  is  used  to  identify  the  cost  of  accomplishing 
recommended  actions.  Entries  are  made  to  reflect  the  cost 


of  materials,  labor,  and  other  possible  expenditures  as 
shown  in  the  illustration. 

Part  IX  is  used  to  identify  the  date  that  chemical 
treatment  was  accomplished  and  the  person  who  was 
responsible  for  the  treatment. 

This  information  is  entered  in  the  bottom  blocks  as 
shown  in  figure  2-26.  The  remaining  blocks  in  this  part  are 
used  for  inspections  accomplished  to  record  treatment 
effectiveness. 

Disposition.  As  outlined  in  AFM  12-50,  Disposition  of 
Air  Force  Documentation,  Table  91-5,  DD  Forms  1070  for 
each  type  of  facility  previously  described  must  be 
maintained  indefinitely  and  must  not  be  destroyed  unless 
the  building  is  disposed  of  or  installation  is  inactivated  and 
dropped  from  real  property  accounts. 

Exercises  (228): 

1.  What  facilities  require  that  a  DD  Form  1070  be 
maintained? 


2.  How  often  must  facilities  be  inspected? 


3.  What  is  the  purpose  of  DD  Form  1070? 


4.  When  can  a  completed  DD  Form  1070  be  destroyed? 


5,  Using  the  illustrated  DD  Form  1070  provided  in  figure 
2-27,  properly  complete  the  form  by  entering  the 
appropriate  information  provided  below  in  the 
applicable  spaces  on  the  form. 
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On  17  January  1984,  Building  302  at  Bayou  AFB  was 
inspected  for  termite  and  wood  decay  by  SSgt  Thomas 
T.  Tony.  This  building  happens  to  be  a  permanent 
building  but  is  several  years  old. 

The  inspection  revealed  superficial  damage  to  the  rafters 
caused  by  dry-wood  termites  that  had  entered  through 
deteriorated  screens  over  the  attic  vents.  There  were 
no  other  conditions  favoring  termite  or  fungi 
infestation. 

After  a  thorough  inspection  and  extreme  consideration,  it 
was  determined  that  the  screens  for  the  vents  must  be 
replaced  and  the  rafters  injected  with 
pentachlorophenol  to  arrest  further  damage. 

The  total  cost  of  corrective  measures  was  $330.  The 
screen  and  chemical  cost  $73,  and  a  special  item  of 
equipment  to  do  the  job  cost  $30. 

After  the  treatment  was  performed  it  was  reinspected  on 
20  January  1984  by  SSgt  Thomas  T.  Tony,  who  is  the 
section  supervisor. 


229.  State  completion  procedures  and  the  purpose  for 
AF  Form  290,  Transcript  for  Pest  Report,  and  complete 
ihe  provided  form* 

AF  Form  290,  Transcript  for  Pest  Report.  As  outlined 
in  AFR  91-21 ,  this  report  is  to  be  prepared  on  a  daily  basis 
by  pest  management  personnel. 

Purpose.  The  AF  Form  290  (fig.  2-28)  is  used  to  record 
daily  pest  management  activities  and  is  the  source 
document  for  creating  a  pest  file,  which  is  used  to  provide  a 
complete  record  of  all  preventive  and  corrective  pest 
management  programs. 

Completion  procedures.  Preparation  of  the  AF  form  290 
is  accomplished  by  transcribing  longhand  information 
pertaining  to  pest  management  activities  into  codes  and 
abbreviations  on  a  daily  basis  to  provide  keypunch 
capability. 

For  installations  that  use  the  B3500  computer  system, 
which  includes  most  installations,  instructions  for 
completing  the  AF  Form  290  are  found  in  AFR  91-21,  Pest 
Management  Program,  AFM  171-200,  The  Base  Engineer 
Automated  Management  System;  antj  AFM  300-4,  Data 
Elements  and  Codes.  Codes  and  specific  instructions?  are 
contained  in  AFM  30O-4,  Volar:  es  IV,  VI,  and  XII  and 
AFiyi  171-200,  Part  10. 

The  information  you  enter  on  thi^  farm  mvist  reflect  all 
pest  management  activities  where  pe;4M:;ides  are  used. 
Individual  activities  are  r^cordetl  on  DO  Form  1532-2  *  then 
at  the  end  of  the  day  ihese  activities  oic  categorically 
separated  and  compiled.  This  '^ompiled  infomialion  i*  then 
transcribed  onto  the  AF  Form  29C 

Since  the  information  conti?:ned  or,  ihi^  form  is  used  for 
keypunch  operations,  the  information  mus^  be  coded  and 
separated  into  three  sections  which  identify  the  information 
as  pertaining  to  Pest  Control  Operations,  Pest  Surveys,  or 
Herbicide  Control. 


This  coded  information  is  then  keypunched  onto  cards 
identified  as  Pest  detail  cards  (1/80,  2/80,  and  3/80).  The 
Pest  detail  card  1/80  is  the  Pest  control  operation  card  that 
contains  all  the  information  pertaining  to  arthropod  pest 
control  operations  except  for  the  hours  spent  on  surveys. 
The  Pest  detail  card  2/80  is  the  Pest  survey  card  which 
reflects  the  hours  expended  conducting  surveys  dunng  a 
day's  time.  The  Pest  detail  card  3/80,  herbicide  control 
card,  contains  all  information  pertaining  to  herbicide 
control  operations  with  the  exception  of  the  hours  expended 
on  surveys. 

To  see  how  information  concerning  daily  pest 
management  activities  is  transcribed  and  entered  on  a 
typical  AF  Form  290,  refer  to  the  following  case  situation 
and  illustrations  of  the  handscribed  information  for  the 
situation. 

Case  Situation  2-1 

On  14  May  1984,  you  and  another  pest  manager  conducted  an  adulticiding 
operation  to  control  mosquitoes  in  a  300-acre  area.  You  used  V2  gallon  of 
chorpyrifos,  an  organophosphate  solution  concentrate  containing  6  pounds 
of  active  ingredient  per  gallon.  Two  man-hours  were  spent  preparing  for 
the  job  and  12  man-hours  doing  the  job  for  a  total  of  14  man-hours  in 
confuting  surveys. 

Refer  to  figure  2-28  and  study  it  carefully,  because  this 
illustration  of  the  completed  AF  Form  290  will  be  used 
throughout  this  lesson.  Note  the  manner  in  which  the  form 
is  separated  into  data  elements  to  identify  the  information 
(pest  name,  pest  control  operation,  etc.)  that  is  entered  in 
the  columns. 

Since  parts  of  the  information  in  this  situation  must  be 
coded,  codes  are  provided  to  you  in  tables  2-2  through  2-5. 

Looking  at  figure  2-28,  you  can  see  that  the  first  data 
element  to  be  entered  on  this  form  is  the  Pest  Name,  The 
pest  that  was  identified  in  the  case  situation  was  adult 
mosquitoes;  therefore,  referring  to  table  2-2,  you  can  see 
that  adult  mosquitoes  are  identified  by  the  data  code 
DVMSl.  This  code  is  entered  in  columns  1  through  5  on 
the  form. 

The  next  data  element  is  the  Pest  Control  Operation, 
which  was  identified  as  an  ultralow-volume  operation  to 
control  adult  mosquitoes.  Scanning  over  the  pest  control 
operation  data  codes  provided  in  table  2-3,  you  will  see 
there's  no  specific  code  for  ULV  operations,  so  the  code 
used  is  ADZZ.  This  code  is  entered  in  columns  6  through  9 
on  the  form. 

The  data  element  Area  Treated  contains  eight  columns 
for  entering  the  total  number  of  square  feet  or  acres  treated. 
Although  there  are  eight  columns  provided  for  this  data 
element,  you  don't  have  to  use  all  of  them.  Since  this  data 
element  requires  the  entry  of  a  number  or  numbers,  you 
would  only  use  the  columns  needed  to  enter  the  total 
number  of  digits  that  appear  in  the  number  of  square  feet  or 
acres  treated. 

NOTE:  The  number  of  acres  or  square  feet  entered  for 
this  data  element  must  be  whole  numbers.  Parts  of  acres  or 
square  feet  cannot  be  entered. 

Referring  to  the  case  situation,  you  will  find  that  300 
acres  were  treated.  Therefore,  this  number  would  be 
entered  in  columns  15-17,  as  illustrated  in  figure  2-28, 
(NOTE:  All  zeros  must  be  slashed  in  order  to  sepcrate  zeros 
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TABLE  2-2 
PEST  NAME  DATA  CODES 


Data  Codes 

AVDDJ9 

AVDJJ9 
AVSRJO 
AVTS0 


DVBGl 
DVBG2 
DVBG3 
DVBG4 
DVBG5 
DVBG6 

DVFBl 
DVFB2 
DVFB3 
DVFB4 
DVFB5 

DVFNl 
DVFN2 
DVFN3 
DVFN4 
DVFN5 

DVMSl 
DVMS2 
DVZZ0 

MPBD6 
MPNTJfl 

MPRDl 
MPRD2 
MPRD3 
MPSSD 
MPZ^ 

NPANJO 
NPCKja 
NPEWJ9 
NPFS0 
NPZ^ 

SPFAJ9 
SPFFJ9 
SPFViS 

SPGCJ9 


Data  Items  and  Ex))Ianations: 
Attacking  Vegetation  Pests 

Bark  BeeUes 

Borers 

Defoliators  and  Juice-Sucking 
Soil  and  Root  Infesting 
Turig  and  Stem  Girdlers 
Disease  Vector  Pests 
Bugs 

Bedbugs 

Cockroaches 

Fleas 

Lice 

Mites 

Ticks 
Flies-Biting 

Black 

Culicoides 

Phlebotomus 

Stable 

Tabanid 
Flies-Nonbiting 

Blow 

House-Adult 
House-Larval 
Midges  and  GNATS 
Psychodid 
Mosquitoes 
Adult 
Larvae 

Other  Disease  Vector  Pests 
Miscellaneous  Pests 
Birds 
NemaCrxles 
Rodents 

Mice 

Rats 

Other 
Snails  and  Slugs 
Other 

Nuisance  Pests 
Ants 
Crickets 
Earwigs 

Firebrats  and  Silverfish 
Other 

Stored  Products  Insects 

Pests  of  Food  of  Animal  Origin 

Pests  of  Fibers  and  Fabrics  of  Animal  Origin 

Pests  of  Legumes,  Dried  Fruits,  and 

Vegetables 
Pests  of  Grains  and  Cereal  Products 


Structural  Pests 

Marine  Borers 

STMBl 

Crustaceans 

STMB2 

Molluscs 

STOWJ9 

Other  Wood  Destroying 

STPBJ9 

Powder  Post  Beetles 

STPP0 

Powder  Post  Borers 

Termites 

STTMl 

Dampwood 

STTM2 

Drywood 

STTM3 

Subterranean 

STWDfl 

Wood  Destroying  Fungi 

Venomous  Arthropods 

VACPjfl 

Centipedes 

VASCjfl 

Scorpions 

VASPjfl 

Spiders 

VAUCjfl 

Urticating 

VAWBjfl 

Wasps  and  Bees 

Weed  Pests 

WPATjfl 

Aquatic 

WPBLJB 

Broadleaf 

WPGSiE) 

Grassy 

WPMX0 

Mixed 

WPWDfl 

Woody 

Data  Item  Name 

BARKBEETS 

BORERS 

DEFOLJUSU 

SOIL-ROOT 

TWIG-STEM 


BEDBUGS 

COCKROACH 

FLEAS 

LICE 

MITES 

TICKS 

BLACK- FLY 

CULICOIDE 

PHLEBOTOM 

STABLEFLY 

TABANID 

BLOW-FLY 
H-ADULT 
H-LARVAL 
MIDGE GNAT 
PSYCHODID 

MOSADULT 
M06LARVA 
ODSVCPEST 

BIRDS 

NEMATODES 

MICE 
RATS 

OTHRODENT 

SNAILSLUG 

OMISCPEST 

ANTS 
CRICKETS 
EARWIGS 
FIBRSILFH 


FODANIORI 
FIBFABANI 

LEGFRUVEG 
GRAINCEAL 


CRUSTACEA 

MOLLUSCS 

OWDINSECT 

PDPTBEETS 

PDPTBORER 

DAMPWOOD 
DRYWOOD 
SUBTTERRAN 
WDESFUNGI 

CENTIPEDE 

SCORPIONS 

SPIDERS 

URTICATIN 

WASP/BEES 

AQUATIC 

BROADLEAF 

GRASSY 

MIXED 

WOODY 
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TABLE  2-3 
PEST  CONTROL  OPERATION  DATA  CODES 


DaU  Codes 

ADDS 
ADFG 
ADMS 
ADZZ 

A  VAT 
AVTS 

BTBD 

BTIN 

BTUD 

DNDT 
DNLF 

DSLM 
D6PL 

FMAT 
FMVA 

ISHH 


ITPI 
ITPL 

ITST 

LVDS 
LVGR 
LVMS 
LVZZ 

PTPI 
PTPL 
PTWL 

RTDG 
RTSP 

SPRT 
SPST 

STFM 
STSF 
STST 
STTR 


Data  Items  and  Explanations: 

Data  Item  Name 

Adulticiding 

Dust 

ADULTICID-DUST 

Fog 

ADULTICID-FOG 

Mist 

ADULTICID-MIST 

Other 

ADULTICID- OTHER 

Insects  Attacking  Vegetation  Operation 

Area  Treatment  (Including  Shrubs^ 

AREA-TREATMENT 

Trees  Sprayed  or  Treated 

TREES-SPRAYED 

Baiting 

For  Birds 

BAITING- BIRDS 

For  Insects 

BAITING- INSECTS 

For  Rodents 

BAlTlNG-iiODENT 

Disease  Vector  and  Nuisance  Pests 

Ditching  (New  and  Maintenance) 

DITCHING 

Land  Fill 

LAND- FILL 

Dip-Soalc  Treatments 

Lumber 

LUMBER 

Pallets 

PALLETS 

Fumigation 

Atmospheric 

ATMOSPHERIC 

Vac  uum 

VACUUM 

Inter-Space  Treatment 

Mist,  Gas,  Other:  Not  to  include  household  aerosol 

dispensers 

INTER-SPACE-TRT 

In-Place  Treatments 

PUings 

PILING- IN-PLACE 

Poles 

POLES-IN-PLACE 

Strxictural 

STRUCTURAL 

Larviciding 

Dust 

LARVICID-DUST 

Granules 

LARVICID-GRANS 

Mist 

LARVICID-MIST 

Other 

LARVICID- OTHER 

Pressure  Treated  (Preserved)  Components  Installed 

PUing 

PILING- PRS-TRTD 

Poles 

POLES-PRS-TRTD 

Wood  and  Lumber 

WOOD-LUMBER 

Residual  Treatments 

Dust  or  Granules 

RESIDUAL-DUSTS 

Sprays 

RESIDUAL-SPRAYS 

Stored  Products 

Residual  Treatments 

RESIDUAL-TREAT 

Space  Treatment 

SPACE-TREATMENT 

Structural 

Fumigation 

FUMIGATION 

Surface 

SURFACE 

Soil  Treatment 

SOIL-TREATMENT 

Trench 

TRENCH 

CF-066 


from  the  letter  ''O";  therefore,  the  letter  "O"  should  never 
be  slashed.) 

The  fourth  data  element  on  the  AF  Form  290  is  the  Unit 
of  Measure.  The  unit  of  measure  must  be  entered  as  SF 
(square  feet)  for  all  indoor  treatments  or  AC  (acres)  for  all 
outdoor  treatments.  "AC"  has  been  entered  in  columns  18 
and  19,  respectively  (fig.  2-28),  to  reflect  that  acres  were 
treated  in  the  case  situation  provided. 

The  data  element  appearing  on  the  AF  Form  290  as 
Building  Terrain  is  used  for  identifying  where  the  treatment 
was  performed.  The  number  "1"  or  "2"  must  be  entered 
in  column  20.  Since  the  treatment  performed  in  this 
situation  occurred  outdoors,  the  number  "2"  has  been 
entered  in  column  20  of  the  form.  (NOTE:  When  "AC"  is 
entered  in  columns  18  and  19,  the  number  "2"  must  be 
entered  in  column  20.  If  "SF"  has  been  entered  in  columns 
18  and  19,  the  number  "1"  must  be  entered  in  column  20.) 

The  data  element  Pesticide  Name  is  used  to  identify  tlie 
pesticide  used  in  treatment.  The  name  of  the  pesticide  must 
be  coded  (pesticide  name  data  code  provided  in  table  2-4), 
and  the  data  code  must  be  entered  in  columns  21  through 


26,  as  shown  in  figure  2-28.  As  you  can  see  by  the 
information  provided  in  table  2-4,  a  data  code  for 
chlorpyrifos  doesn't  exist,  so  the  code  SNOP99  for  other 
organophosphate  is  used.  (Notice  the  different  uses  of  0  and 
"O"  in  this  example). 

Referring  again  to  case  situation  2-1 ,  the  pesticide  form 
used  in  the  treatment  for  adult  mosquitoes  was  a  solution. 
In  table  2-5,  you  will  find  a  solution  is  identified  with  the 
data  code  SOLU.  The  pesticide  form  data  code  must  be 
entered  in  columns  27  through  30,  as  illustrated  in  figure  2- 
28,  which  identifies  the  data  element  Pesticide  Form. 

In  the  data  element  identified  as  Pesticide  Quantity 
(columns  3 1  through  36),  you  must  enter  the  total  pounds  of 
active  ingredient  contained  in  the  total  amount  of  pesticide 
formulation  dispersed.  This  information  must  be  in  whole 
numbers  (complete  pounds)  because  the  computer  will  not 
accept  portions  of  a  pound;  or  in  other  words,  you  cannot 
use  ounces.  Since  you  used  I/2  gallon  of  a  concentrate 
containing  6  pounds  active  ingredient  per  gallon,  simply 
divide  by  2  to  find  the  total  pounds  of  active  ingredient 
used;  3  pounds  is  entered  in  columns  36-38.  (The  Unit  of 
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TABLE  2-4 
PESTICIDE  NAME  DATA  CODES 


Data  Codes 


CHGCiBH 

CHGRlD 

CHGR2i3 
CHGR30 

CHGSll) 
CHGS20 

CHSSI^ 
CHSS20 
CHSS30 
CHSS4() 
CHSS5I) 
CHSSG0 
CHSS70 

FMAP0i0 

fmcbM 

FMHA0J0 
FMMB00 
FMPD00 
FMSLjOD 
FMSU0J0 


Data  Items  and  Explanations: 
Combination  Herbicides 

Growth  Regulators-Contact 

Arsenlcals,  Organlc-2,  4-D 
Growth  Regulators 

Dalapon-Silvex 

Dalapon>2,  4,  5-T 

2,  4-D,  2,  4,  5-T 
Growth  Regulators-Soil 

Amltrole-Slmazlne 

Borate>2,  4-D 
Soil  Sterllants 

Borate-Monuron 

Bromacil-Borate 

Bromacil-Borate-Chlorate 

Chlorate-Borate 

Chlorate- Borate-Monuron 

Fenuron-TCA 

Monuron-TCA 
Other  Combination  Herbicides 
Fumigants 

Aluminum  Phosphide 
Carboxide 
Hydrocyanic  Acid 
Methyl  Bromide 
Paradichlorobenzene 
Soil  Fumigants 
Sulfuryl  Fluoride 
Other  Fumigants 


Data  Item  Name 


ARSORG24D 

DALSILVEX 
DALAP245T 
24D245T 

AMISIMAZI 
BORATE24D 

BORMUNURO 
BRMCILBOR 
BRMBORCHL 
CHLBORATE 
CHLBORMON 
FUNUROTCA 
MONUROTCA 
OCOMBHERB 

ALPHOS 

CARBO-.DE 

HYDROCVAN 

MEBROMIDE 

PARADICHL 

SOILFUMIG 

SULFUR YFL 

OFUMIGANT 


Inorganic  Insecticides 

INAR10 

Arsenlcals 

Lead  Arsenate 

LDARSENAT 

INAR20 

Paris  Green 

PRISGREEN 

INAR30 

Sodium  Arsenite 

SODARSENT 

INAR99 

Other  Arsenical  Compounds 

OARSENCMP 

INMS10 

Miscellaneous  Inorganic  Insecticides 

Copper  Naphtenate 

COPPERNAP 

INMS20 

Copper  Sulfate  Formulations 

COPERS  ULF 

IKMS30 

Silica  Aerogels 

SILICAERO 

INMS99 

Other  Miscellaneous  Inorganic  Ii^ecticides 

OINORGANI 

INSL10 

Sulfur 

Dusting  and  Wettable  Sulfur 

DUSWETSUL 

INSL20 

Lime  Sulfur 

LIMESULFU 

Miscellaneous  Chemical  Compounds 

msatM 

Attractants 

ATTRACTS 

MSFG00 

Fungicides 

FUNGICIDE 

MSML00 

MoUescicides 

MOLCIDES 

MSZZ0D 

Other  Chemical  Compounds 

OCHEMCOMP 

NAALi30 

Natural  Organic  Insecticides 

AUethrin 

ALLETHRIN 

NACS0U 

Creosote 

CREOSOTE 

Oils 

NAOL10 

Dormant 

DORMANT 

Pre-Emergence 

UHPElU 

Benefin 

BENEFIN 

UHPE2D 

Simazine 

SIMAZINE 

Soil 

UHSLlD 

Fenac 

FENAC 

UHSL2i0 

TBA 

TBA 

UHSL3ifl 

TCA 

TCA 

Soil  SterUant 

UHSS10 

Bromacil 

BROMACIL 

UHSS20 

Diuron 

DIURON 

UHSS30 

Fenuron 

FENURON 

UHSSi0 

Monuron 

MOURON 

UHSSSH 

Sodium  Chlorate 

SODIUMCHL 

UHZZ0JE> 

Other  Uncombined  Herbicides 

OUNCMHERB 

CF-06S 
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TABLE  2^(contd) 
PESTICIDE  NAME  DATA  CODES 


Data  Codes     Data  Items  arl  JSxplanatloiti: 


Datu  Hem  Name 


NAOL2i0 
NAPYi0i0 
NAZZ00 

RDACi0j0 

RixrcjWJ 

RD6Mj)i0 

RDZPi0j0 
RD22;0U 

RPAUJjtf 


SNCBlifl 
SNCB2i0 

SNCHlifl 
SNCH2i0 
SNCH30 
SNCH40 
SNCH5i0 
SNCH60 
SNCH7i0 
SNCH8i0 
SNCH99 

SNOPlifl 
SNOP2i0 
SNOP3i0 
SNOP40 
SNOP5i0 
SNOP99 


UHATl- 
UHAT2i0 

UHCTlU 
UHCT2jfl 
UHCT3jfl 
UHCT4I> 
UHCTSJtf 
UHCT6Jtf 

UHGRlifl 
UHGR2j0 
UHGRdifl 
UHGR4D 
UHGR5J0 
UHGR6II 
UHGR7i0 


Summer 
Pyrethrxxm 

Other  Natural  Organic  Insecticides 
Rodentlcldes 

Anticoagulants 

Calcium  Cyanide 

Sodium  Monofluoracetate 

Strychnine 

Zinc  Prosphide 

Other  Rodentlcldes 
Repellanta 

All  Types  of  Repellants 
Synthetic  Organic 

Carbamates 
Baygon 
Sevin 

Chlorinated  Hydrocarbons 
Aldrin 
Chlordune 
DDT 
Dieldrin 
Heptachlor 

Kepone  (Include  Mirex) 
Lindane 

Pcntachlorophenol 
Other  Chlorinated  Hydrocarbons 
Or^nlc  Phosphates 
DDVP 
Diazlnon 
Dibrom  (Naled) 
Fenthion 
Malathlon 

Other  Organic  Phosphates 
Other  Sulfur  Compounds 
Organic  Thlocyanates 
Uncombined  Herbicides 
Aquatic 

Copper  Sulfate 

Diquat 
Contact 

Ammonium  Sulfamate 

Arsenicals*  Organic 

Arsenite,  Sodium 

Dinitro  Compoimds 

OUs,  Herbicidal 

Paraquat 

Pentachlorophenol 
Growth  Regulators 
Amitrole 
Atrazine 
Dalapon 

Maleic  Hydrazide 
SUvex 
2,  4-D 
2,  4,  5-T 


SUMMER 

PYRETHRYM 

ONATORGIN 

ANTICOAGU 

CALCYANDE 

SODMONOFD 

STRYCHIN 

ZNPH06PDE 

ORODENTID 

ALLREPELL 


BAYGON 
SEVIN 

ALDRIN 

CHLORDANE 

DDT 

DIELDRIN 

HEPTACHLO 

KEPONE 

LINDANE 

PENTACHLO 

OCHLORHYD 

DDVP 

DIAZmON 

DIBROM 

FENTHION 

MALATHION 

00RGPH06P 

ORGSULFUR 

ORGTHIOCY 


COP-SULFA 
DIQUAT 

AM-SULFAM 

ARSEN-ORG 

ARSTE-SC-> 

DINITRO 

OILSHERBI 

PARAQUAT 

PENTACHLO 

AMITROLE 

.aTRAZINE 

DALAPON 

MALHYDRAZ 

SILVEX 

24D 

1{45T 

CF-069 


TABLE  2- J 
PESTICIDE  FORM  DATA  CODES 


Data  Codes  Data  Items  and  Explanations: 

Pesticide  Forms 
Dry 

CUST  Dusts 
GRAN  Granules 
SFUM  Solid  Fumigant 

BAIT  Bait  (Ready  to  Use) 

OTHD  Other 
Liquid 

SOLU  Solution 
EMUL  Emulsion 
AERO  Aerosol 
S  USP  S;ispensions 
OTHL  Other 

CF-oea 


69 

179 


Measure  data  element  for  pesticide  quantity  must  reflect 
**LB"  in  columns  37  and  38,  respectively,  to  identify  the 
fact  that  the  information  entered  in  ihe  previous  data 
element  was  recorded  as  pounds.) 

The  Supply  Source  data  element  (column  39)  must 
reflect  either  an  **N*'  if  the  pesticide  used  was  a 
nonstandard  stock  item  or  an  '*S"  if  the  pesticide  was  a 
standard  stock  item,  as  illustrated  in  figure  2-28. 

The  Man-Hours  Labor  data  element  (columns  40  through 
45)  is  used  for  the  puipose  of  reflecting  only  the  combined 
man-hours  actually  expended  while  applying  pesticides, 
including  supervisory  time  (sec  figure  2-28,  columns  44 
and  45). 

As  you  can  see,  a  total  of  14  hours  was  entered  under  this 
data  element  to  correspond  with  the  information  provided  in 
case  situation  2-1 . 

NOTE:  Only  whole  nun^bers  will  be  entered  under  this 
data  element,  which  means  that  no  part  of  an  hour  can  be 
shown. 

The  purpose  for  the  next  data  element  identified  as  Man- 
Hours  Survey  is  for  recording  only  the  hours  spent  in 
conducting  surveys  for  a  specific  job.  Information 
pertaining  to  man-hours  expended  on  surveys  has  to  be 
keypunched  onto  a  separate  Pest  detail  card,  which  would 
be  the  Pest  detail  card  2/80,  as  previously  stated.  Therefore, 
this  information  cannot  appear  on  the  same  line  that  is  used 
for  recording  pest  control  operations  to  be  keypunched  onto 
the  Pest  detail  card  1/80.  To  explain  this  further,  figure  2-29 
is  provided  to  illustrate  how  the  survey  hours  are  recorded 
on  a  typical  AF  Form  290. 

Notice  that  the  illustrated  AF  Form  290  in  figure  2-29  has 
the  lines  numbered  in  the  left  margin.  This  is  to  allow  quick 
reference  to  the  comments  that  remain  concerning  the 
completion  of  this  form. 

In  comparing  figure  2-28  with  figure  2-29  you  will  find 
that  line  1  in  figure  2-29  provides  the  same  information  that 
figure  2-28  does.  This  information  pertains  strictly  to  pest 
control  operations  and  is  keypunched  only  on  the  Fest  detail 
card  1/80.  Line  7  in  figure  2-29  represents  the  information 
keypunched  onto  the  Pest  detail  card  2/80  (Pest  Survey), 
and  line  14  represents  the  information  pertaining  to 
herbicide  control  operations  that  is  keypunched  onto  the 
Pest  detail  card  3/80. 

Continuing  the  discussion  concerning  data  element 
Man-Hours  Survey,  3  hours  expended  on  surveys  for  the 
pest  control  operation  are  entered  in  column  51  on  line  7,  as 
illustrated  in  figure  2-29,  which  explains  why  it  was  not 
entered  in  the  same  column  on  line  I .  If  you  will  notice, 
entries  have  been  made  to  only  two  data  elements  on  line  7 
prior  to  this  one,  because  this  is  the  only  information  that 
can  be  entered  on  the  Pest  Survey  Card  (2/80)  up  to  this 
point. 

Continuing  with  the  remaining  data  elements  on  the  AF 
Form  290,  the  Reserved  data  element  (columns  52  through 
73)  requires  no  entry.  This  space  is  always  left  blank. 

The  Irstallation  data  element  is  used  to  identify  the 
installation  submitting  the  report.  This  code  must  be 
entered  in  columns  74  through  77  for  each  Pest  detail  card, 
as  has  been  done  in  figure  2-29  .  It  is  recommended  that  you 
obtain  the  proper  data  element  code  from  the  CE  accounting 
section;  therefore,  these  codes  are  not  provided  in  this  text. 


The  Month  data  element  is  used  to  identify  the  month  in 
which  the  form  was  prepared.  Tins  data  element  code  must 
be  a  two-digit  number.  If  the  month  happens  to  be 
December,  then  the  number  12  would  be  entered  in 
columns  78  and  79.  Case  situation  2-1  states  that  this  job 
was  accomplished  in  May,  so  figures  2-28  and  2-29  reflect 
an  05,  which  is  the  proper  way  to  enter  the  number  that 
represents  the  month  of  May. 

The  last  data  element  that  remains  on  the  AF  Form  290  is 
Card  Code.  Column  80  is  used  for  identifving  the 
information  entered  on  individual  lines  to  the  aj^jplicable 
Pest  detail  card.  Notice  that  a  ^M"  has  been  entered  in 
column  80  on  line  1  in  figures  2-28  and  2-29  to  identify  that 
all  the  information  on  that  liae  is  to  be  keypunched  onto  a 
Pest  Control  Operation  Card  (1/80).  In  figure  2-29  you  will 
note  that  a  **2"  was  entered  on  line  7  to  indicate  that  this 
information  must  be  keypunched  onto  a  Pest  Survey  Card 
(2/80)  and  a  **3"  entered  on  line  14,  which  means  that  all 
the  information  on  this  line  must  be  keypunched  onto  a 
Herbicide  Control  Card  (3/80). 

Look  on  line  14  in  figure  2-29  and  observe  the  entries  for 
the  various  data  elements.  This  is  an  example  of  the 
complete  information  that  is  entered  on  the  AF  Form  290 
for  herbicide  control.  All  blank  data  elements  appearing  on 
this  illustrated  form  must  remain  blank  because  the 
computer  will  not  accept  any  additional  information  and 
cannot  be  keypunched  onto  the  Herbicide  Control  Card 
(3/80). 

NOTE:  For  herbicide  control  operations,  **AC"  must  be 
entered  in  columns  18  and  19,  respectively,  and  a  **2"  must 
be  entered  in  column  20  for  the  data  element  Building 
Terrain  for  all  herbicide  operations,  just  as  it  appears  on 
line  14  in  figure  2-29. 

Disposition.  Once  the  AF  Form  290  is  completed,  it  is 
forwarded  to  the  Cost  Accounting  Section,  and  the 
information  is  keypunched  onto  the  Pest  detail  cards.  The 
AF  Form  290s  can  be  destroyed  after  a  corrected  copy  of 
the  Pest  Summary  Report  has  been  prepared. 

Exercises  (229): 

1 .  The  AF  Form  290  must  be  prepared   in 

accordance  with 


2.  What  is  the  primary  purpose  of  the  AF  Fonii  290? 


3.  The  three  publications  that  provide  instructions  for 
completing  an  AF  Form  290  for  use  with  the  B3500 

computer  system  are    , 

 , and  


4.  Data  codes  used  in  the  completion  of  the  AF  Form  290 
are  found  in  


loO 
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Figure  2-29,  Sample,  AF  Form  290,  example  2. 
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Fipm  2-30,  AF  Form  290  (objective  229,  exercist  J), 


On  1 1  April  1984  the  base  parade  grounds,  which  is  I  acre»  was 
treated  for  chinch  bugs.  Since  chinch  bugs  are  vegetative  juice- 
sucking  pests  and  1  acre  is  being  treated,  200  gallons  of  a  0.5- 
percent  emulsion  finished  spray  is  recommended.  The  finished  spray 
was  prepared  from  w  gallons  of  a  47.5-pcrcent  diazinon  emulsifiable 
concentrate,  which  contains  4  pounds  of  active  ingredient  per  gallon 
and  is  a  standard  stock  item. 

Before  the  job  was  started,  1  hour  (not  considered  man-hours  of 
labor  for  this  problem)  was  used  conducting  a  survey.  Then,  it  took 
two  people  4  hours  to  mix  and  apply  the  pesticide.  The  supervisor 
observed  the  entire  mixing  and  application  operation  to  insure  that 
the  job  was  progressing  smoothly  and  to  observe  the  performance  of 
the  individuals. 

NOTE:  No  entry  is  required  for  the  installation  data  element  in  this 
exercise. 


230.  State  the  difTerence  in  use  between  AF  Form  290 
and  DD  Form  1532;  indicate  necessary  entries  for  DD 
Form  1532,  Pest  Management  Report,  based  on  given 
information. 

DD  Form  1532,  Pest  Management  Report.  When 
you're  keeping  track  of  what  pest  management  functions 
you  conduct  each  day,  you  have  more  to  do  than  complete 
DD  Form  1532-1  and  AF  Form  290.  You  must  also 
complete  DD  Form  1532,  Pest  Management  Report  (fig.2- 
31). 

Purpose.  At  first,  you  may  think  this  is  just  another 
pain-in-the-neck  form  to  report  pesticide  use.  This  is  true  to 
an  extent;  you  can  see  many  similarities  between  this  and 
AF  Form  290.  They're  both  used  to  identify  pests 
controlled,  types  of  operations  you  conducted,  and  types 
and  amounts  of  pesticide  used.  There  are,  however,  some 
important  differences.  Unlike  AF  Form  290,  you  can  use 
the  Pest  Management  Report  to  report  both  chemical  and 
nonchemical  control  measures.  Also,  since  thi."=^  form  is 
Federally  mandated,  if  EPA  officials  should  inspect  your 
control  operations,  this  is  the  form  they  would  want  to  see. 

Given  its  broader  use  than  AF  Form  290,  this  report  can 
be  an  important  tool  in  monitoring  safety  and  effectiveness 
of  your  operations,  and  help  you  document  actions  you  take 
that  help  protect  the  environment. 

Completion  procedures.  To  a  degree,  you  can  directly 
transcribe  information  from  the  Pest  Management 
Maintenance  Record  since  both  of  these  forms  use  plain 
language.  Nonetheless,  we'll  review  DD  Form  1532  in 
detail  since  there  are  differences  in  format  between  the  two 
forms.  Refer  to  figure  2-31  as  you  continue. 

Before  you  enter  pest  management  data  on  the  form,  you 
must  put  identification  and  address  in  the  heading.  In  the 
top  right  comer,  you'll  see  spaces  for  a  CD.  code  and  UIC. 
Leave  these  spaces  blank.  In  blocks  9  and  10,  enter  the  last 
two  digits  of  the  calender  year.  In  blocks  1 1  and  12,  en'er 
the  numerical  designation  for  the  month.  The  second  line  of 
the  form  is  self-explanatory. 

Each  line  of  DD  Form  1532  can  be  used  to  report  a 
complete  pest  management  operation,  as  illustrated  in 
figure  2-31.  If  only  a  single  pesticide  was  used,  you  can 
easily  enter  the  information.  If  two  or  more  pesticides  were 
used,  or  pesticidal  forms  were  different,  report  each  one  as 
a  separate  operation.  Then,  for  the  work-hours  spent, 
simply  divide  them  equally  for  ep^h  pesticide. 


The  form  is  divided  into  specific  fields  and  olumns. 
We'll  describe  them  in  order  as  they  appear  on  the  form. 
Those  small  spaces  and  numbers  under  each  column  refer  to 
data  card  entries  sometimes  used  by  other  services  and 
don't  apply  to  this  discussion. 

Column  A,  pest  name:  Obtained  from  DD  1532-1 . 

Column  B,  operation  name:  Obtained  from  DD  1532-1 . 

Column  C.  total  units  treated:  Obtained  from  DD 
1532-1 ,  units  serviced. 

Column  D,  unit:  Use  *SF"  for  square  feet  treated  or 
'*AC"  for  acres  treated. 

Column  sire:  Enter  **IN*'  for  indoor  treatment^  or 
**OUT"  for  outdoor  treatments.  (NOTE:  In  column  D,  you 
must  always  use  SF  for  indoor  treatments  and  AC  for 
outdoor  treatments.) 

Column  F,  f)esticide  name:  Obtained  from  DD  1532-1 . 

NOTE  1:  Use  the  chemical  name  instead  of  the  pro  luct 
name  as  much  as  possible.  For  example,  if  you  used 
"Roundup"  herbicide  for  a  job,  you  should  record 
"Glyphosate"  on  DD  1532. 

NOTE  2:  You  will  compleJe  Columns  F  through  M  only 
if  you  used  a  pesticide  in  the  treatment. 

Column  G,  pesticide  form:  Use  pesticide  form  data  codes 
from  AFM  300-4;  for  example,  SOLU  for  solutions,  and 
SFUM  for  solid  fumigants. 

Columns  H  and  /.  pesticide  amount  and  unit:  The  unit 
must  be  in  whole  pounds.  If  you  entered  dry  ounces  on  DD 
1532-1,  convert  them  to  pounds  by  dividing  by  16,  and 
round  off  your  answer  to  the  nearest  whole  pound. 

Column  J,  final  concentrate  percentage:  Self- 
explanatory.  Leave  this  column  blank  if  you  complete  the 
next  two  columns 

Column  K  and  L,  rate  per  area  unit:  Use  these  columns 
only  if  the  pesticide  label  directs  you  to  apply  the  material 
in  pounds  per  acre.  In  rhe  percent  column  indicate  the 
percentage  of  active  ingredient  identified  on  the  product 
label,  not  the  diluted  percentage.  These  columns  are 
particularly  useful  for  identifying  the  amount  of  pesticide 
used  in  ultralow-volume  (ULV)  operations. 

Column  M,  pesticide  supply  source:  Indicate  the  supply 
source  for  the  pesticide  by  entering  one  of  the  following 
codes: 

•  S      -      Standard  stock  pesticides  or  materials 

procured  from   the   Defense  Logistics 
A^f^ncy. 

•  N  ^«^on  standard  materials  procured  through 

open  purchase. 

•  G      -      Pesticides  obtained  from  the  General 

,Si  ^vices  Administration. 

•  C      -       Materials  supplied  by  a  contractor  who 

also  performed  the  work. 

Column  time:  Indicate  the  hours  devoted  to  all  aspects 
of  the  operation,  including  inspections,  preoaration,  travel 
time,  application,  clean-up,  and  supervision.  If  you 
conduct  surveys  independently  of  control  operation-  ".g., 
termite  inspections^  report  them  as  separate  operations. 
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Figure  2-31.  Sample,  DD  Form  1532, 


Exercises  (230): 

1.  In  what  way  can  you  use  DD  form  1532  that  differs 
with  how  AF  form  290  is  used? 


2.  Indicate  the  information  to  be  entered  on  DD  form 
1532  based  on  the  following  information: 

Two  workers  are  assigned  early  morning  responsibilities  using  a 
ULV  generator  to  treat  for  adult  mosquitoes.  They  use  a  95.0 
percent  malathion  solution  applied  at  0.5  pounds  per  acre,  which  was 
locally  purchased.  They  work  an  8-hour  shift  and  treat  125  acres, 
using  a  total  of  6  pounds  of  active  ingredient. 

What  are  the  entries  for  each  of  the  following  columns? 
(Refer  to  figure  2-31  as  needed.) 

a. 
b. 
c. 
d. 
e. 
f. 

g- 
h. 
i. 

j- 
k. 
1. 

m. 
n. 


231.  Cite  the  purpose  of  AF  Form  646,  Pest 
Management  Program  Review;  correlate  various  types 
of  information  entered  on  tiie  form  witii  sources  for  that 
information. 

AF  Form  646,  Pest  Management  Program  Review.  As 

a  pest  manager,  you  may  have  to  prepare  this  annual  plan 
(fig.  2-32).  It's  purpose  is  to  set  pc  .  management  goals 
and  identify  methods  and  resources  you'll  use  in  the  coming 
year  to  meet  those  goals.  As  described  in  APR  91-21,  an 
AF  Form  646  must  be  completed  for  each  pest  management 
project  you  expect  to  accomplish  in  the  coming  year.  What 
is  a  project?  It's  a  single  chemical  control  method  taken  to 
control  a  single  pest,  for  example: 

•  Diazinon  for  cockroach  control. 

•  Baygon  for  cockroach  control. 

•  Baygon  for  fly  control. 

Completion  procedures.  Fortunately,  you  don't  have  to 
be  psychic  to  complete  this  review  form,  since  you  will 
largely  determine  future  pest  management  activities  based 
on  past  work  and  by  considering  what  products  you  used. 

Before  you  start  preparing  these  reports,  there  are  some 
materials  you  should  collect  to  help  you  in  this  process. 
These  items  include: 
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•  An  adequate  supply  of  AF  Forms  646.  You'll  have  to 
determine  the  amount  based  on  the  size  of  your 
installation,  the  number  of  pest  species  in  the  area, 
and  the  pesticides  you  use. 

•  Product  labels  for  all  the  pesticides  you  plan  to  use  in 
the  coning  year. 

•  DD  Forms  1532-1  and  1070  on  file. 

•  Quarterly  pest  management  summary  reports  from  the 
previous  year. 

•  A  comprehensive  base  map  depicting  lakes,  ponds, 
ditches,  etc. 

•  Past  copies  of  AF  Forms  1841,  Maintenance  Action 
Sheet,  to  identify  past  recurring  work. 

»  Any  correspondence  where  future  programs  are 
outlined. 

Once  you've  gathered  these  materials,  preparing  the 
forms  should  be  almost  as  easy  as  pushing  a  pencil.  Refer  to 
figure  2-32  to  see  how  these  materials  benefit  you  as  you 
continue  this  lesson. 

Block  I.  Refer  to  past  quarterly  reports  for  pest  names. 
Also  consider  any  plans  (correspondence)  to  manage  pests 
that  are  new  to  the  area  or  didn't  previously  need  control 
Consider  why  the  pest  should  be  managed;  e.g.,  for  health, 
morale,  protection  of  resources,  base  beautification,  etc. 

Block  2.  Refer  to  quarterly  reports  and  product  labels  for 
necessary  information.  Don't  forget  the  rule  of  completing 
a  new  form  each  time  you  use  a  different  chemical. 

Blocks.  Refer  to  the  pesticide  label. 

Blocks  4  and 5.  Self-explanatory. 

Block  6.  You'll  have  to  do  some  digging  for  this  one. 
Look  at  DD  Forms  1532-1  and  1070  for  projects  affecting 
future  control  effoits.  What  buildings  do  you  expect  to  treat 
for  termites,  how  big  are  they,  and  how  many  are  there? 
How  big  are  outside  areas  where  the  indicated  pest  will  be 
maniged? 

Block  7.  Refer  to  any  AF  Form  1841,  Maintenance 
Action  Sheet,  to  help  determine  months  when  controls  will 
be  us-^d. 

Block  8.  Use  the  product  label  and  base  map  to  determine 
sensitive  locations,  both  on  and  around  the  installation,  if 
possible.  Are  you  going  to  treat  these  locations  with  caution 
or  avoid  them  completely? 

Block  9.  You're  on  your  own  here.  Ask  yourself 
questions  such  as: 

•  What  special  precautions  are  indicated  on  the  label? 

•  What  personal  protective  clothing  and  equipment  will 
be  needed? 

•  Does  the  program  warrant  coordination  with  higher 
base  or  civilian  officials? 

Exercises  (231): 

1 .  What  is  the  purpose  of  AF  form  646? 


US  AIR  FORCE 
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Figure  2-32.  Sample,  AF  Form  646. 


2.  What  constitutes  a  project? 


Match  the  sources  of  information  in  column  B  with  the 
correct  block  in  column  A.  (Refer  to  figure  2-32  as 
needed).  Items  in  column  B  may  be  used  more  than 
once  or  not  at  all. 


Column  A 

(1)  Block  1. 

(2)  Block  2. 

(3)  Block  3. 

(4)  Block  4. 
.(5)  Block  5. 

(6)  Block  6. 

(7)  Block?. 
.(8)  Blocks. 

(9)  Block  9. 


Column  B 

a.  Pesticide  labels. 

b.  DD  Form  1532-1  or  1070. 

c.  Quarterly  refwrts. 

d.  Base  map. 

e.  AFFonns  1841. 

f.  Correspondence  affecting  programs. 

g.  Other  source. 

h.  No  source  needed. 
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CHAPTER  3 


Safety,  Protective  Equipment,  and  First  Aid 


PESTICIDES  ARE  only  as  safe  as  you  are,  because 
pesticides  don't  cause  accidents;  people  do!  Accidents 
involving  pesticides  can  be  eliminated  just  as  all  other 
accidents  can,  if  everyone  will  be  aware  of  accident 
prevention  and  adhere  to  all  preventive  measures  without 
deviations. 

This  chapter  will  identity  the  requirements  and 
guidelines  for  handling  pesticides  safely.  And,  since  people 
will  make  mistakes  and  pesticide  poisonings  do  occur,  this 
chapter  will  discuss  the  common  causes  of  these  poisonings 
and  the  actions  to  be  taken  when  they  occur. 

3-1.  Federal  Statutes  and  Regulations 

Without  pesticides,  we  would  not  have  the  food,  fiber, 
and  landscape  plants  we  need.  But  because  pesticides  can 
be  dangerous.  Congress  has  passed  laws  regarding  pesticide 
use.  These  laws  try  to  balance  the  need  for  pesticides 
against  ihe  need  to  protect  people  and  the  environment  from 
their  misuse. 

The  intent  within  this  section  is  to  identify  the  federal 
agencies  that  establish  and  enforce  laws  governing  all 
phases  of  pesticide  handling. 

232«  Cite  the  purpose  and  characteristics  of  the  FIFRA. 

Federal  Insecticide,  Fungicide,  and  Rodenticide  Act 
(FIFRA).  This  act  *;vas  first  established  by  Congress  in 
1947  and  was  administered  by  the  United  States 
Department  of  Agriculture  (USDA),  Agricultural  Research 
Service,  Pesticides  Regulation  Division. 

Purpose.  This  act  was  established  to  provide  laws 
pertaining  to  the  certification  of  the  usefulness  of  chemicals 
used  in  agriculture,  specified  requirements  for  safety 
precautions  in  handling  and  applying  agricultural 
chemicals,  and  specified  requirements  for  the  registration 
of  such  chemicals  every  5  years. 

Scope.  There  have  been  five  amendments  to  this  act 
since  the  basic  act  was  established.  The  first  amendment 
occurred  in  1959  to  include  nematodes,  plant  growth 
regulators,  desiccants,  and  defoliants;  and  then  in  1963,  it 
was  amended  again  to  require  labels  of  economic  poisons  to 
provide  the  statement  **Keep  Out  of  Reach  of  Children" 
and  to  eliminate  claims  such  as  **Safe,"  **Nonpoisonous," 
''Nontoxic,*'  **Noninjurious,"  and  ''Harmless'*  from 
economic  poison  labels. 

Then,  on  12  May  1964,  there  were  two  amendments  to 
the  FIFRA  passed  by  Congress.  The  first  of  these  was 
Public  Law  201,  which  eliminated  the  protest  registration 
clause  of  the  basic  act.  The  second  amendment  enacted  on 


May  1964  was  Public  Law  305,  which  established  the 
requirement  for  each  pesticide  label  to  show  a  registration 
number  when  the  p>esticide  has  been  approved  by  the  USDA 
for  registration. 

Exercises  (232): 

1.  State  the  three  purposes  identified  in  the  text  for 
establishing  the  FIFRA  by  listing  them  in  the  order 
given. 

(1) 
(2) 
(3) 

2.  The  amendment  to  the  FIFRA  that  was  enacted  in  1963 
required  all  economic  poison  labels  to  provide  what 
statement? 


3.  The  FIFRA  was  first  amended  to  include 
  ,   ,  and  


233.  Specify  the  relationship  of  the  FIFRA  and  the 
FEPCA  and  identify  the  purpose  and  requirements 
outlined  in  the  FEPCA. 

Federal  Environmental  Pesticide  Control  Act 
(FEPCA).  The  FEPCA  was  amendment  number  5  to  the 
FIFRA  passed  by  Congress  and  became  Public  Law 
92-516,  which  is  most  often  identified  as  **FIFRA,  as 
amended." 

Purpose.  The  FEPCA  became  law  on  21  October  1972  to 
extend  federal  registration  and  regulation  to  all  pesticides, 
including  those  distributed  or  used  within  a  single  state. 

Scope.  The  FEPCi^  requires  that  you  properly  apply 
pesticides  to  insure  t.reater  protection  to  people  and  the 
environment.  I.  prohibits  using  any  registered  pesticide  in  a 
manner  inconsistent  with  labeling  instructions,  and  it  also 
specifies  that  pesticides  must  be  classified  as  either  general 
or  restricted. 

Under  the  provisions  of  the  FEPCA,  every  commercial 
uid  private  applicator  must  be  certified  as  competent  to  use 
any  of  the  pesticides  that  are  classified  as  restricted.  FEPCA 
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also  provides  penalties  such  as  fines  and  jail  terms  for 
people  who  do  not  obey  this  law. 

As  a  pest  management  specialist,  you  are  governed  by 
this  act  since  you're  classified  as  a  commercial  applicator  of 
pesticides.  As  a  result  of  this,  you  will  be  required  to  be 
certified  to  apply  restricted-use  pesticides,  and  you  are 
subject  to  iiie  penalties  prescribed  if  you  do  not  adhere  to 
the  law. 

To  be  certified,  you  must  prove  that  you  know  the  safe 
and  correct  way  to  apply  restricted  use  pesticides.  To  do 
this,  you  take  a  written  examination.  Therefore,  the  more 
•  ou  study  this  CDC  the  more  knowledgeable  you  will  be 
when  test  time  comes. 

The  civil  penalties  that  you  are  subject  to  if  you  violate 
the  FIFRA  may  be  a  fine  of  up  to  $5,000  for  ea^h  offense, 
and  the  criminal  penalties  may  be  as  much  as  $25,000  or  1 
year  in  prison,  or  both. 

Exercises  (233): 

1 .  The  relationship  of  the  FEPCA  to  the  FIFRA  is  that  the 
FEPCA  is  actually  an  to  the  . 


2.   What  is  the  purpose  of  the  FEPCA? 


3.  Identify  the  requirements  that  were  outlined  in  the 
FEPCA  which  had  not  been  outlined  previously  in  the 
FIFRA  by  placing  an  X  in  the  space  beside  each 
statement  that  applies. 

  a.  Requiring  certification  of  the  usefulness  of 

chemicals  employed  in  agriculture. 
  b.  Requiring  the  inclusion  of  nematodes,  plant 

growth  regulators,  desiccants,  and  defoliants. 
  c.  Included  provisions  for  penalties  in  case  of 

pesticide  misuse. 
  d.  Requiring  the  classification  of  pesticides  as 

being  restricted  or  general. 
  e.  Requiring  the  statement  *'Keep  Out  of  Reach 

of  Children"  be  printed  on  the  pesticide  label. 
  f.  Requiring    each    commercial    and  private 

applicator    of   pesticides    to    be  certified 

competent. 

  g.  Requiring  the  registration  of  each  pesticide  by 

the  USD  A. 


234.  Specify  the  purpose  and  scope  of  the  Resources 
Conservation  and  Recovery  Act  (RCR  A)  of  1976. 

Resources  Conservation  and  Recovery  Act  of  1976 
(RCRA).  This  act  was  previously  known  as  the  Solid  Waste 
Disposal  Act  (PL  94~580). 

Purpose,  This  law  recognizes  the  need  for  careful 
planning  and  management  of  solid  or  hazardous  waste  to 
prevent  endangering  human  health  aiid  the  environment. 
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The  Act  was  designed  to  help  give  assistance  for  developing, 
management  plans  and  facilities.  Plans  developed  under 
this  act  address  issues  such  as: 

•  Recovering  energy  and  other  resources  from  solid 
waste, 

•  Guidelines  for  safely  disposing  of  hazardous  wastes. 

•  Regulating  hazardous  waste  management. 

Scope,  In  recent  years,  the  media  has  given  increasing 
attention  to  problems  caused  by  illegal  hazardous  waste 
dumps.  Problems  caused  by  these  dumps  have  forced  the 
government  to  devote  much  time  and  money  to  how  these 
areas  can  be  cleaned  up  and  to  how  people  can  be  protectee" 
This  may  suggest  to  you  that  the  problems  are  created  only 
on  a  very  large  scale,  but  this  is  not  the  case;  some  states 
estimate  having  virtually  hundreds  of  unregistered,  illegal 
toxic  waste  disposal  sites  of  all  sizes. 

To  help  combat  this  problem,  the  RCRA  has  many 
environmental  protection  objectives.  One  objective,  which 
directly  affects  you,  regulates  the  treatment,  storage, 
transportation,  and  disposal  of  hazardous  wastes. 

Under  the  RCRA,  it  is  a  criminal  action  to  knowingly 
treat,  store,  or  dispose  of  any  hazardous  waste  without  a 
permit,  if  you  should  violate  this  law,  you  may  be  subject 
to  a  fine  of  up  to  $25,000  for  each  day  of  the  violation, 
imprisonment  for  up  to  1  year,  or  both. 

Exerccses  (234): 
1 .  What  was  the  RCRA  designed  to  help  prevent? 


2.  What  four  areas  of  handling  hazardous  wastes  are 
covered  by  the  RCRA? 


235.  State  the  purpose  for  creating  the  EPA  and  identify 
the  scope  of  its  functions. 

Environmental  Protection  Agency  (EPA).  The  EPA  is 

the  prime  regulatory,  research,  and  educational  agency  with 
the  knowledge  and  capability  to  control  all  environmental 
pollutants.  This  agency  includes  organizations  concerned 
with  pesticides,  or  their  effect  on  the  environment,  which 
were  previously  parts  of  the  Council  on  Environmental 
Quality,  the  Atomic  Energy  Commission,  and  the 
Departments  of  Agriculture,  interior,  and  Health, 
Education,  and  Welfare. 

Purpose,  The  EPA  was  created  in  1970  by  Congress  as  a 
result  of  the  continuing  pressure  to  limit  the  use  of 
pesticides  and  to  combine  all  activities  of  the  Federal 
Government  concerned  with  pesticides  and  their  effects  on 
the  environment  into  a  single  agency. 

Scope,  This  agency  has  responsibility  for  researching, 
developing,  and  enforcing  standards  prescribed  by  law  for 
emissions  and  effluents;  evaluating  and  registering 
pesticides  and  developing  new  pest  management 
procedures;  controlling  toxic  and  poisonous  substances; 
developing  new  methods  in  pollution  control;  and  insuring 
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that    adequate    technical    personnel    requirements    are         2.  State  i.he  purpose  for  OSHA. 
developed. 

As  a  result  of  combining  all  the  organizations  identified 
above  into  a  single  agency,   the  EPA  now  has  the 

responsibility  for  enforcing   the  FIFRA,  as  amended        3.   List  the  functional  responsibilities  of  OSHA. 

(FEPCA).    These  responsibilities  include,  but  are  not 

limited  to,  registering  each  and  every  pesticide,  classifying  ^* 

pesticides,  prosecuting  individuals  for  misuse  of  pesticides, 

and  insuring  that  minimum  standards  for  certification  are 

established  and  obeyed. 

c. 

F.xercises  (235): 

d. 

i .  What  was  the  purpose  for  creating  the  EPA? 


2.  Of  the  statements  provided,  identify  the  ones  that 
pertain  to  the  functions  of  the  EPA  by  placing  an  X 
beside  rpplicable  statements. 

  a.  Approves  and  registers  all  pesticides  for  their 

uses. 

  b.  Enacts  laws  pertaining  to  pesticides. 

  c.  Enforces  the  FEPCA. 

  d.  Responsible     for     developing     new  pest 

management  procedures. 
  e.  Certifies  all  personnel  as  being  competent  to 

apply  pesticides. 


236.  Identify  the  governing  department  for  the  OSHA 
and  its  purpose;  state  the  scope  of  the  OSHA  pertaining 
to  its  functional  responsibilities. 

Occupational  Safety  and  Health  Administration 
(OSHA).  OSKA  is  an  organization  that  operates  under  the 
U.S.  Department  of  Labor  (USDL)  with  regional  offices 
established  throughout  the  United  States. 

Purpose.  The  purpose  of  the  OSHA  is  to  make  sure  all 
employees  have  safe  and  healthy  working  conditions.  As 
you  will  see  in  section  3-2  of  this  chapter,  there  are  many 
requirements  established  by  the  OSHA  to  insure  safe  pest 
management  operations. 

Scope.  The  OSHA  has  authoiity  to  develop  and  publish 
occupational  safety  standards;  inspect  work  areas  to  insure 
that  standards  are  met;  issue  citations  for  noncompliance 
with  its  regulations;  and  maintain  education,  training,  and 
information  programs  to  promote  safe  practices. 

This  administration  is  a  very  valuable  source  to  obtain 
assistance  in  establishing  safe  working  conditions  for  you 
and  your  fellow  workers. 

Exercises  (236): 
1 .  What  is  the  governing  department  for  OSHA? 


237.  Identify  the  governing  department  and  purpose  for 
the  NIOSH  and  list  the  functions  and  responsibilities 
within  its  scope. 

National  Institute  for  Occupational  Safety  and  Health 
(NIOSH).  The  NIGSH  is  an  organization  that  operates 
under  the  U.S.  Department  of  Health  and  Human  Services 
(USDHHS). 

Purpose.  The  NIOSH  prepares  new  or  improved 
occupational  safety  and  health  standards  and  provides 
qualified  personnel  to  enforce  these  standards. 

Scope.  This  organization  develops  new  or  improved 
occupational  safety  and  health  standards  and  conducts 
educational  programs  to  provide  an  adequate  supply  of 
qualified  personnel  to  carry  out  these  standards. 

The  N?OSH  also  has  responsibility  for  testing  and 
approving  many  items  of  personal  safety  protective 
equipment  required  in  pest  management  operations  that 
formerly  was  the  responsibility  of  the  U.S.  Bureau  of 
Mines.  This  will  be  brought  to  your  attention  in  section  3-2 
of  this  chapter  when  respiratory  protective  devices  are 
discussed. 

Exercises  (237): 

1.  The  NIOSH  is  an  activity  that  is  controlled  by  what 
department? 


2.  The  NIOSH  was  formed  to  (enforce  occupational  and 
health  standards)  or  to  (formulate  improved 
occupational  and  health  standards).  Underline  the 
correct  purpose. 


3.  Name  a  responsibility  of  the  NIOSH  identified  in  the 
text  that  is  directed  toward  you  as  a  pest  management 
specialist. 
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238.  Describe  how  statutes  and  regulations  of  the  EPA 
and  OSHA  relate  to  state  and  local  control  over  Air 
Force  pest  management  programs. 

State  and  Local  Statutes  and  Regulations.  Although 
the  EPA  establishes  the  minimum  Federal  requirements  for 
environmental  protection  and  the  OSHA  establishes  the 
minimum  Federal  requirements  for  safe  working 
conditions.  State  and  local  governments  have  the 
perogative  of  establishing  more  stringent  requirements  for 
environmental  protection  and  safe  working  conditions. 

As  an  Air  Force  pest  manager  you  must  be  very 
knowledgeable  of  the  laws  established  within  the  State  and 
community  to  which  you  are  assigned.  You  must  perform 
all  pest  management  functions  within  the  laws  established 
by  the  State  and  local  government,  if  their  laws  are  more 
stringent  than  Federal  laws. 

Exercises  (238): 

1,  When  can  the  State  and  local  governments  override 
Federal  statutes  and  regulations  established  by  the 
EPA  and  the  OSHA  in  regard  to  protecting  the 
environment  and  employees? 


2.  Based  upon  the  information  contained  in  this  lesson, 
you,  as  an  Air  Force  pest  manager,  must  adhere  to 
yyhich  requirements? 


3-2.  Handling  Pesticides  Safely 

As  a  pest  management  specialist,  it  is  your  responsibility 
to  take  every  precaution  available  during  all  phases  of 
pesticide  handling  to  protect  yourself,  fellow  workers,  and 
others  and  to  prevent  accidental  destruction  of  property 
through  negligence. 

Since  all  pesticides  are  toxic  to  some  form  of  life  and 
many  are  explosive  and  flammable,  they  present  many 
hazards  to  the  environment  in  one  way  or  another  or  a 
combination  of  ways.  These  hazards  can  be  reduced  to 
almost  nonexistent  if  you  and  everyone  else  will  follow  the 
basic  precautionary  rules  for  handling  pesticides. 

This  section  will  identify  and  explain  pesticide  labels  and 
will  identify  the  facility  requirements  for  entomology 
sections  and  the  safety  requirements  to  be  adhered  to  during 
all  phases  of  pesticide  handling. 

239.  Specify  necessary  functional  areas  for  pest 
management  facilities  and  describe  requirements  for 
those  areas. 

Safety  Requirements  for  Pest  Management  Shops. 

Having  a  proper  pest  management  facility  is  often  just  as 
important  as  using  protective  equipment  when  you  apply 
chemicals.  But  getting  a  safe  facility  isn't  always  easy,  due 
to  financial  constraints.  Luckily,  in  the  past  few  years. 
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regulations  have  been  **beefed  up"  to  injprove 
opportunities  for  upgrading  pest  management  facilities. 

There  are  three  basic  aspects  you  need  to  consider  to 
determine  if  your  shop  complies  with  Federal  and  Air  Force 
standards.  These  are  the  facility  location,  its  layout,  and 
general  requirements. 

NOTE:  There  are  several  references  in  this  lesson  to 
requirements  your  shop  must  meet  and  items  that  are 
essential.  More  information  on  these  requirements  can  be 
found  in  guidance  from  EPA  Codes  of  Federal  Regulations 
(CFRs)  and  Air  Force  Regulations. 

Facility  location.  Pest  management  shops  should  always 
be  isolated  from  congested  base  areas  to  reduce 
environmental  hazards  in  the  event  of  a  fire  or  pesticide 
spill.  If  your  base  is  building  a  new  facility,  this  is  a  firm 
requirement.  The  most  compelling  of  reasons  for  this  is  fire 
safety.  If  your  shop  is  located  in  a  building  complex  and 
catches  fire,  much  more  time  would  be  needed  to 
decontaminate  nearby  areas  of  toxic  vapors,  smoke,  liquid, 
and  particles.  This  condition  is  confined  to  the  facility  itself 
and  nearby  unoccupied  areas  when  the  shop  is  isolated. 

Also,  sharing  a  pest  management  building  with  other  CE 
shops  is  strongly  discouraged.  In  addition  to  increased 
environmental  hazards,  shop  security  is  compromised. 
When  you  think  about  all  the  toxic  materials  you  use — and 
must  store — it's  easy  to  see  that  cohabitation"  of  your 
shop  with  other  sections  reduces  security  and  safety,  and  it 
exposes  many  more  people  to  fire,  spills,  and  other  hazards. 

Facility  layout  and  design.  Your  shop  should  be  divided 
into  clean  areas  and  chemical-handling  areas.  The  clean 
areas  include  office  space,  personnel  break  rooms,  and 
utilities.  Chemical-handling  areas  include  pesticide  storage 
and  mixing  rooms.  There  should  be  a  dressing  room  to  be  a 
transitional  area  between  the  other  two  areas.  It  has  room 
for  lockers  and  storage  for  personal  safety  equipment.  Your 
change  room  should  not  be  used  as  an  eating  space  at 
lunchtime,  since  some  pesticide  particles  from  clothing 
enter  the  room.  If  workers  eat  lunch  at  the  shop,  they  should 
do  it  in  the  office,  outside,  or  in  another  suitable  clean  area. 

Office.  Office  space  with  a  desk,  bookcase,  file  cabinet, 
and  telephone  is  essential.  You  should  also  have  a  table 
with  one  chair  per  worker  for  completing  necessarj' 
paperwork,  safety  meetings,  etc.  There  should  not  be  any 
direct  access  between  the  office  and  chemical-mixing  area. 
The  office  and  other  clean  areas  must  be  adequately  sealed 
or  separated  to  exclude  pesticide  vapors  and  dusts. 

Change  room,  lavatory,  and  shower  areas.  Personnel 
locker  space  is  essential,  and  each  worker  should  have  two 
lockers;  one  for  street  clothing,  the  other  for  work  clothing 
and  protective  equipment  (safety  equipment  must  always  be 
stored  separately  from  pesticides). 

Adequate  toilet  facilities  (one  water  closet  per  15 
employees)  are  essential  and  must  be  located  in  the  cleanup 
area.  A  hot- water  shower  must  be  provided  for  personal 
decontamination  at  day's  end. 

As  you  previously  learned ,  change  rooms  serve  as 
transition  areas.  These  rooms  should  have  direct  access  to 
the  office,  lavatory  and  shower,  and  the  pesticide  mixing 
area  (see  fig.  3-1).  The  change  rooms  should  be  designed 
to  accommodate  both  male  and  female  employees. 
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SCULLERY  SINK 

CF-079 

Figure  3-1 .  Mixing  roo/n  rink  and  ventilation  system. 


Since  you  must  wash  contaminated  and  uncontaminated 
clothes  in  separate  loads,  your  shop  must  have  a  washer  and 
dryer.  You  can  install  them  in  the  change  or  utility  rooms, 
but  never  in  chemical  mixing  or  storing  areas. 

Pesticide  mixing  room.  A  work  area  for  diluting 
pesticidal  concentrates  is  essential.  Since  this  is  a  high- 
hazard  area  where  you're  exposed  to  concentrated 
pesticides,  there  are  several  important  requirements: 

•  A  deep  sink  is  essential  to  mix  pesticides  and  wash 
small  equipment. 

•  The  sink  area  must  have  a  ventilation  system  designed 
to  draw  air  away  from  the  worker's  position  at  the  rate 
of  at  least  six  air  changes  per  hour  (fig.  3-1). 

•  A  deluge  shower  and  eyewash  lavage  is  essential  in 
case  someone  is  contaminated  with  pesticides.  These 
items  must  be  readily  accessible  to  workers  mixing 
pesticides  indoors  or  outdoors. 

•  Doors  leading  to  this  and  the  pesticide  storage  room 
should  be  self-closing  and  self-locking. 

•  Walls  and  partitions  should  be  coated  witli  a 
nonabsorbent  finish  to  help  cleanup  efforts  if 
pesticides  are  spilled  or  splashed. 


A  spill  kit  should  be  available.  See  table  3-1  (shown  later 
in  this  section). 

Pesticide  storage  room^.  Pesticide  storage  facilities  are 
essential  if  you  are  to  safely  prot^rt  and  store  toxic 
materials.  The  room  should  be  versatile  because  pesticides 
come  in  several  different  sizes  and  types  of  containers.  All 
pesticidal  containers  must  be  stored  inside  and  off  the  floor 
so  all  labels  are  clearly  visible,  and  there  must  be  lanes  to 
give  workers  easy  access  to  inspect  and  use  pesticides.  If 
possible,  keep  phenoxy  herbicides  separate  from 
insecticides. 

The  floors  of  pesticide  storage  rooms  must  be  constructed 
of  concrete  or  another  impervious  material  to  ease  cleanup 
operations,  and  must  have  a  nonslip  surfaced  This  floor 
should  also  be  covered  with  a  nonskid  epoxy  sealer  and 
have  a  continuous  curb  at  least  5  inches  high.  There  should 
be  no  floor  drains  where  yr  or  mix)  pesticides.  Tlic 

pesticide  storage  area  ni  provided  at  least  two  air 

changes  per  hour. 

Equipment  storcge  and  maimamnce.  In  addition  to  all 
the  aspects  of  storing  and  handling  pesticides,  there  are  also 
some  important  requirements  for  storing  and  maintaining 
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equipment.  Always  keep  in  mind  that,  from  the  first  time 
you  use  any  pesticide  dispersal  item,  parts  of  it  will  be 
contaminated  with  chemicals;  handle  that  item  with  care. 

Depending  on  your  shop's  sirrangement  or  your  needs, 
you  can  incorporate  equipment  and  pesticide  areas.  If  you 
do  this,  however,  make  sure  that  the  area  you  use  meets  all 
necessary  requirements  for  both  areas. 

Here  are  three  requirements  for  the  equipment  storage 
and  maintenance  area: 

(1)  An  indoor  area  for  storing  and  maintaining  small 
equipment  must  be  provided. 

(2)  A  covered  or  enclosed  area  for  large  equipment  must 
be  located  next  to  the  pesticide  mixing  and  storage  building 
to  aid  workers  who  handle  and  prepare  pesticides,  and  to 
protect  equipment  from  the  weather. 

(3)  An  area  paved  or  lined  with  impervious  material  must 
be  located  next  to  your  shop  for  washing  pesticide  dispersal 
equipment.  This  area  must  be  curbed  to  prevent 
contamination  from  spills.  Closable  drains  to  the  sanitary 
sewer  are  recommended . 

General  construction  requirements.  There  are  some 
other  general  requirements  and  considerations  for  your  shop 
with  which  you  should  be  familiar.  These  have  to  do  with 
such  items  as  security,  signs,  ventilation,  plumbing,  and 
electrical  systems.  However,  since  you're  being  trained  as  a 
pest  manager  and  not  an  architect,  we'll  discuss  only  those 
items  important  in  your  everyday  duties. 

a.  A  climb-resistant  fence  must  completely  enclose  the 
pest  management  facility.  If  your  shop  is  located  within  the 
CE  compound  and  the  compound  is  sufficiently  fenced,  this 
is  satisfactory. 

b.  Identification  signs  such  as  DANGER,  POISON,  and 
PESTICIDE  STORAGE  must  be  placed  on  appropriate 
rooms,  buildings,  and  fences  to  advise  personnel  of  the 
contents  and  the  hazardous  nature  of  the  area. 

c.  A  list  of  types  of  pesticides  stored  must  be  posted 
outside  the  chemical  storage  rooms(s). 

d.  Ventilation  systems  in  chemical  storage  and  mixing 
areas  should  provide  100  percent  outside  air. 

e.  Pesticide  storage  areas  must  contain  water  and  other 
materials  used  to  fight  fires. 

/.  You  can  avoid  having  explosion-proof  fixtures, 
equipment,  etc.,  by  only  using  pesticides  that  have  flash 
points  of  100"^  F  or  more. 

Exercises  (239): 

I .  What  three  aspects  should  you  consider  in  determining 
if  y  :)ur  shop  meets  Federal  and  Air  Force  standards? 


2.  Where  should  pest  management  shops  be  located? 
Why? 
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3.  What  two  areas  should  the  layout  of  your  shop 
include? 


4.  What  rooms  comprise  clean  areas? 


5 .  What  rooms  comprise  chemical-handling  areas? 


6.  What  room  acts  as  a  transitional  area  and  what  should 
it  include? 


7.  Briefly  describe  ventilation   requirements   for  the 
pesticide  mixing  room. 


8.  Where  should  the  deluge  shower  and  eyewash  be 
located? 


9.   How  should  pesticides  be  stored? 


10.  List  three  features  the  pesticide  mixing  room  floor 
must  or  should  have. 

(1) 
(2) 
(3) 

11.  Briefly  state  the  three  requirements  the  pesticide 
storage  area  must  meet. 

(1) 

(2) 
(3) 

12.  How  can  you  avoid  having  explosionproof  fixtures  and 
equipment  in  your  shop? 
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240.  State  the  purpose  and  uses  of  pesticide  labels, 
identify  parts  of  a  label,  and  interpret  signal  words  that 
may  appear  on  labels. 

Pesticide  Labels.  Each  and  every  pesticide  is  required  to 
be  registered  by  the  EPA,  and  each  pesticide  container  must 
be  labeled. 

The  EPA  has  established  strict  regulations  requiring  a 
minimum  of  information  to  be  furnished  by  the 
manufacturer  and  printed  on  each  pesticide  container  label 
before  it  can  be  registered. 

You  have  probably  already  noticed  the  frequency  in 
which  the  pt  ^*icide  label  has  been  referred  to  in  the 
previous  portions  of  this  text,  and  it  will  be  referred  to  over 
and  over  again  in  the  remaining  portions  because  the 
pesticide  label  is  ihe  most  important  and  informative  source 
for  pesticide  uses  and  the  safe-handling  precautions. 

Purpose  of  pesticide  labels.  The  pesticide  label  serves 
the  same  purpose  as  an  Air  Force  regulation  and  you  must 
strictly  adhere  to  it.  Any  deviation  that  would  be  to  a  lesser 
degree  than  the  information  provided  by  the  pesticide  label 
subjects  you  to  the  same  punishments  as  the  disobeyance  of 
an  Air  Force  regulation  would.  In  addition,  you  will  be 
subject  to  a  fine,  imprisonment,  or  both  under  Federal  laws 
governing  the  use  of  pesticides.  However,  you  are 
encouraged  to  take  more  precautionary  measures  than 
stated  on  the  pesticide  label.  In  fact,  more  such 
precautionary  measures  are  sometimes  required  by  other 
regulations. 

Remember  that  the  EPA  has  only  established  minimum 
standards  you  must  follow  when  handling  pesticides,  and 
other  agencies  can  establish  and  enforce  stricter  standards. 

Using  pesticide  labels.  The  pesticide  label  is  used  as  a 
guideline  for  the  safe  storage,  mixing,  uses,  application  and 
disposal  of  that  specific  pesticide  and  its  container.  These 
guidelines  must  be  recognized  as  the  very  minimum 
standard  that  must  be  met,  but  the  standard  can  be 
increased.  The  specific  recommendations  for  the  uses  and 
actual  mixing  and  application  rates  that  are  provided  on  the 
pesticide  label  must  not  be  deviated  from  under  any 
circumstance.  All  other  recommendations  "^rtaining  to 
pesticide  use,  formulation,  and  application  'uch  as  the 
pesticide  use  recommendations  in  AFM  91~16,  and  in  AFM 
91-19,  must  be  recognized  as  being  only  general 
recommendations  that  may  be  obsolete  and  no  longer 
applicable. 

When  you  find  contradictory  information  between  the 
recommendation  provided  on  the  pesticide  label  and 
pesticide  recommendations  provided  in  the  CDC,  AFM 
91-16,  Military  Entomology  and  Operational  Handbook, 
and  AFM  91-19,  Herbicide  Manual  for  Noncropland 
Weeds,  always  follow  the  recommendations  on  the  label. 

Remember  that  pesticide  manufacturers  expend  much 
time,  effort,  and  money  in  conducting  research  on  their 
products,  and  they  are  the  authoritative  source! 

Parts  of  the  labeL  As  previously  stated,  EPA  requires 
that  certain  information  concerning  each  pesticide  be 
provided  on  every  pesticide  container  label. 

To  help  you  recognize  and  identify  the  type  of 
information  given  on  a  typical  pesticide  container  label,  a 
specimen  label  and  explanations  concerning  the  parts  of  a 


typical  pesticide  label  are  provided  below.  (NOTE:  figure 
3-2  is  provided  for  your  reference  throughout  the  discussion 
concerning  the  parts  of  a  typical  pesticide  container  label.) 

a.  Brand  name.  Each  company  has  brand  names  for  its 
products  and  this  is  the  most  identifiable  name.  This  name 
is  the  one  that  appears  in  ads  and  is  identified  vividly  on 
each  pesticide  label,  as  shown  beside  the  number  4  in  figure 
3-2. 

b.  Common  name.  Many  pesticides  have  complex 
chemical  names.  Some  have  been  given  another  name  to 
make  them  easier  to  identify.  These  are  called  common 
names.  For  instance,  carbaryl  is  the  common  name  of 
1— napthyl  N-methylcarbamate.  A  chemical  m:^de  by  more 
than  one  company  will  be  sold  under  several  brand  names, 
but  you  may  find  the  same  common  name  or  chemical  name 
on  all  of  them.  There  is  no  common  name  for  the  pesticide 
on  the  illustrated  f)esticide  label,  but  the  chemical  name  is 
identified  directly  beneath  the  active  ingredient  beside  the 
number  7. 

c.  Ingredient  statement.  Every  pesticide  label  must  list 
what  is  in  the  product.  The  list  is  written  so  you  can  quickly 
see  what  the  active  ingredients  are.  The  amount  of  each 
active  ingredient  is  given  as  a  percentage  by  weight  or  as 
pounds  per  gallon  of  concentrate.  It  can  be  listed  by  either 
the  chemical  name  or  the  common  name.  The  inert 
ingredients  need  not  be  named,  but  the  label  must  show 
what  percent  of  the  contents  they  make  up.  This  statement 
is  identified  beside  the  number  7  in  figure  3-2. 

d.  Net  contents.  The  net  contents  number  tells  you  how 
much  product  is  in  the  container.  This  quantity  may  be 
expressed  in  gallons,  pints,  pounds,  quarts,  or  other  units  of 
measure.  The  net  contents  line  is  identified  beside  the 
number  8.  If  the  label  was  actual,  there  would  be  a  quantity 
entered  on  the  line. 

e.  Name  and  address  of  manufacturer.  The  law  requires 
the  producer  or  distributor  of  a  product  to  put  the  name  and 
address  of  the  company  on  the  label.  This  is  so  you  will 
know  who  made  or  sold  the  product.  This  information  is 
beside  the  number  9. 

/.  Registration  and  establishment  number.  A  registration 
number  must  be  on  every  pesticide  label.  It  shows  that  the 
product  has  been  registered  with  the  Federal  Government.  It 
usually  is  found  on  the  front  panel  of  the  label  and  will  be 
written  as  '*EPA  Registration  No.  000."  The  establishment 
number  tells  what  factory  made  the  chemical.  This  number 
does  not  have  to  be  on  the  label,  but  will  be  somewhere  on 
each  container.  The  EPA  registration  and  establishment 
numbers  are  identified  beside  the  numbers  10  and  11, 
respectively,  in  figure  3-2. 

g.  Directions  for  use.  The  instructions  on  how  to  use  the 
pesticides  are  an  important  part  of  the  label  to  you.  This  is 
the  best  way  you  can  find  out  the  right  way  to  apply  the 
product.  The  use  instructions  will  tell  you: 

•  The  pests  the  product  is  registered  to  control.  (Labels 
use  common  names  for  pests.  Knowing  these  names 
will  help  you  choose  the  proper  pesticide  and  find 
control  information.) 

•  The  crop,  animal,  or  other  item  on  which  the  product 
can  be  used. 

•  Whether  the  product  is  for  general  or  restricted  use. 

•  In  what  form  the  product  should  be  applied. 
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DimCIIONS  FOK  US! 


Avltrol  Is  a  pesticide  for  the  control  ol  certain  species 
ol  pelt  Urds,  It  Is  composed  ol  a  choice  biid  food 
linpre^iated  vlth  an  active  Urd  managemt  chemical 
Blitls  Ingesting  Avltrol  react  with  distress  symptoms 
and  calls.  By  linltlng  the  amoit  of  bait  available  to 
relative^  fev  birds,  the  remainder  ol  the  flock  can  be 
frighten'id  iway  from  most  roosts  ar.^  feeding  sites 
with  a  minimum  ol  mortality.  For  bci.;  results  the 
applicatldis  sM  be  made  at  the  proper  time  and 
place  under  the  dlrectloo  ol  trained  penoonel. 

Preleeding  vith  untreated  leedr  ol  the  same  composi- 
tion as  the  Avltrol  carrier  is  usually  essential  to  the 
ellectivedeterrtnceoltirdswlthAvltrol.  Canlulob- 
serration  ol  bird  habits  should  be  made  to  establish 
proper  feeding  locaticns  and  to  determine  that  no  de- 
sirable or  protected  bird  species  are  preient  that  may 
leed  (» Avltrol.  Alter  pest  bird  teedlng  Is  established, 
Immediately  replace  untreated  grain  with  Avltrol. 
Repeat  Avltnl  treatment  itll  bird  numbers  have  been 
reduced  to  acceptable  levels  oo  the  premises, 

Avltrol  grain  Is  lethal  to  most  Urdt  that  Ingest  enoi 
to  cause  flocli-frightenlng  symptoms.  Ifit^ 
desired  minimil  mortality,  thedistrll 
grain  should  be  limited  to  scattered  S[ 
that  will  provide  feeding  opportinlty  for 
number  of  demonstrating  birds,  Therei 
feeding  area  may  be  covered  with  untreal 
provide  desirable  dilution. 
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WHEA? 

For  the  Control  of 
SPARROWS,  CERTAIN  BLACKBIRDS 

AND  COWBIRDS  IN,  ON 
OR  INTHEAREAOF^Ufl^RES 

NESTING  AND  mmm 
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by,loii^rthe\s 
ornslcootroloi 


KEEP  OUT  OF  REACH  Of  CHILDREN 

May  produce  toxic  symptoms  if  swallowed  or  1^  con- 
tactwith  the  skin.  Handle  withprotectlve  gloves,  Vash 
thoroughly  with  soap  and  water  after  handling,  before 
eating  or  smoking.  Change  to  r'-^an  clotW'!" 
If  swallowed,  r.  '  iititlng  ■  •  * 
I.  Do  not  feed  to  llvt  i  chlckeni,  Osnot 
grain  for  livestock  .  r  for  human  con* 
,  Do  not  contaminate  str  ..08,  lakes,orponds 
iiterlal.  Do  not  allow  tts  material  tore' 
)rot<icted  places  after  control  measures  art 
^  Do  not  use  where  food  (grain  or  meat)  will 
beMe  contaminated. 


ment 
Tale  to  the 


Wheat 


8 —Net  Contents- 


Do  not  reuse  empty  container,  Dettroy 
Mbgredients        99, si    ]/.  it  by  burying  with  woste  or  burning. 


Ive  ingredient 
•Amlnopyrldine 


99,31 
0,19 


Stay  oway  from  tmoke  or  fumes. 
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AVrniOL  MUST  NOT  BE  EXPOSED  IN  ANY  MANNER  9 , 
TIIATMAYENDANGERDESIRABLEAND  PROTECTED 
BIRD  SPECIES.  IF  THERE  IS  A  QUESTION  OF  SUCH 
HAZARD,  CONSULT  LOCAL,  STATE,  AND  FEDERAL 
GAME  AITTHORITES  BEFORE  UNDERTAO^  HIRD  10 
MANAGEMENT  WITH  AWROL.  fflVESTlGATE 
UWS  THAT  MAY  PROHIBIT  THE  USi  OF  ANY  TOXIC 


CHEMICAL  IN  BIRD  CONTROL, 


-  A VITROL  CORPORATION 
TULSA,  OKLAHOMA 


EPA  Reg,  No,  I1M9-1 
U.S,  Patent  3,150,041 


II   EPAEst,llM9-a(-l 


NOTICE ;  Buyer  and/or  user  assumes  all  risks  of  use 
and/or  handling  of  these  materials  contrary  to  label 
Instructions, 
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FigEH.Typicjl pesticide  label, 
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•  How  much  to  use. 

•  Where  the  material  should  be  applied. 

•  When  the  material  should  be  applied. 

This  information  is  identified  beside  the  numbers  1  and  5 
in  figure  3-2. 

The  misuse  statement  is  to  remind  you  that  it  is  a 
violation  of  Federal  law  to  use  a  product  in  a  manner 
inconsistent  with  its  labeling.  Do  not  use  a  product  on  a 
crop  or  for  a  pest  not  listed  on  the  label.  E>o  not  use  ii  at 
more  than  the  recommended  rate.  Before  the  product  could 
be  registered,  EPA  required  the  manufacturer  to  conduct 
many  tests  to  be  sure  the  label  directions  were  correct.  By 
following  them  exactly,  you  will: 

•  Get  the  best  results  the  product  can  give. 

•  Avoid  breaking  the  law. 

This  information  is  identified  beside  the  number  3  in 
figure  3-2. 

A  reentry  statement,  if  required  for  the  product,  will  tell 
you  how  much  time  must  pass  before  an  area  treated  with 
the  pesticide  is  safe  for  reentry  by  a  person  without 
protective  clothing.  Consult  an  authoritative  source  for 
special  rules  that  may  apply.  The  specimen  label  shown  in 
figure  3-2  does  not  have  a  reentry  statement  because  it  is  not 
applicable. 

The  category  of  applicator,  if  required  for  the  product, 
will  limit  use  to  certain  categories  of  commercial 
applicators.  Although  this  information  is  not  readily 
identifiable,  it  is  included  beside  the  number  f 

Storage  and  disposal  directions  must  be  provided  on  each 
pesticide  container  label  to  tell  you  how  to  store  and  dispose 
of  the  product  and  empty  containers. 

This  information  is  identified  on  the  specimen  label 
beside  the  number  17. 

h.  Signal  words  and  symbols.  In  order  to  do  their  job, 
most  pesticides  must  control  the  target  pest.  By  their 
nature,  they  are  toxic.  Therefore,  some  may  be  hazardous 
to  people.  You  can  tell  the  toxicity  of  a  product  by  reading 
the  signal  word  and  looking  at  the  symbol  on  the  label. 

The  signal  v/ord  is  one  of  the  most  important  parts  of  the 
label.  It  tells  you  approximately  how  toxic  the  pesticide  is 
to  humans.  The  signal  words,  as  shown  in  figure  3-2,  are 
established  by  law,  and  each  manufacturer  is  required  to  use 
the  current  one  on  each  and  every  label.  In  addition  to  the 
signal  word,  the  statement  "Keep  Out  of  Reach  of 
Children"  must  be  included  on  every  label. 

The  signal  word  along  with  the  statement  is  identified 
beside  the  number  12,  in  figure  3-2. 

Note  in  figure  3-2  the  signal  word  CAUTION  is 
contained  on  the  specimen  label.  This  product  has  a  low 
toxicity  or  is  comparatively  free  from  danger  to  humans. 

The  symbol  is  one  of  the  best  ways  to  catch  a  person's 
eye,  and  this  is  why  a  skull  and  crossbones  symbol  is  used 
on  all  highly  toxic  pesticides  along  with  the  signal  word 
DANGER  and  the  word  POISON. 

The  specimen  label  provided  in  figure  3-2  does  not  have 
a  skull  and  crossbones  because  the  product  is  not  highly 
toxic. 

/.  Types  of  formulation.  Different  types  of  pesticide 
formulations  (such  as  liquids,  wettable  powders,  and  dusts) 


require  different  methods  of  handling.  The  label  will  tell 
you  what  type  of  formulation  the  package  contains.  The 
same  pesticide  may  be  available  in  more  than  one 
formulation.  Although  this  information  is  not  readily 
identifiable  on  the  specimen  label  provided,  it  can  be  seen 
beside  the  number  2. 

j.  Precautionary  statement.  The  precautionary  statement 
will  provide  you  with  information  concerning  the  hazards  to 
humans  and  domestic  animals,  environmental  hazards,  and 
physical  and  chemical  hazards.  This  information  will  be 
included  on  the  pesticide  label  if  applicable  to  the  product. 

The  hazards  to  humans  and  domestic  animals  statement 
will  tell  you  the  way  in  which  the  product  may  be  poisonous 
to  humans  and  animals.  It  also  will  tell  you  of  any  special 
steps  you  should  take  to  avoid  poisoning,  such  as  the  kinJ 
of  protective  equipment  needed.  If  the  product  is  highly 
toxic,  this  section  will  inform  physicians  of  the  proper 
treatment  for  poisoning.  This  type  of  information  is 
identified  beside  the  number  13  in  figure  3-2. 

The  environmental  hazards  statement  is  included  on 
pesticide  labels  to  assist  you  in  avoiding  wrong  or  careless 
use  of  the  product  to  prevent  environmental  damage. 
Examples  of  this  tyf)e  of  information  are  as  follows: 

•  "This  product  is  highly  toxic  to  bees  exposed  to  direct 
treatment  or  to  residues  on  crops." 

•  "Do  not  contaminate  water  when  cleaning  equipment 
or  when  disposing  of  wastes. ' ' 

•  "Do  not  apply  where  runoff  is  likely  to  occur." 

Labels  may  contain  broader  warnings  against  harming 
birds,  fish,  and  wildlife.  This  information  is  identified 
beside  the  number  15  on  the  specimen  label. 

The  physical  and  chemical  hazards  statement  will  warn 
you  of  any  special  fire,  explosion,  or  chemical  hazards  that 
may  be  presented  by  the  product.  This  information  has  not 
been  included  on  the  specimen  label. 

k.  Statement  of  practical  treatment.  If  swallowing  or 
inhaling  the  product  or  getting  it  in  your  eyes  or  on  your 
skin  would  be  harmful,  the  label  will  specify  emergency 
first  aid  measures.  It  also  will  describe  the  types  of 
exposure  that  require  medical  attention. 

The  pesticide  label  is  the  most  important  information  you 
can  take  to  the  physician  when  you  think  someone  has  been 
poisoned.  The  statement  of  practical  treatment  is  identified 
beside  the  number  14  on  the  sample  label. 

/.  Statement  of  classification.  Once  EPA  has  finished  the 
process  of  classifying  all  pesticides  as  being  in  either  the 
general  use  or  restricted  use  category,  all  manufacturers  of 
pesticides  will  be  required  by  law  to  identify  each  of  their 
products  by  providing  this  information  on  each  of  their 
product  labels.  EPA  is  classifying  pesticides  into  the 
categories  on  the  basis  of: 

•  The  hazard  of  poisoning. 

•  The  way  the  pesticide  is  used. 

•  Its  effect  on  the  environment. 

The  general  use  category  is  for  pesticides  that  present 
very  little  or  no  hazard  to  the  applicator  or  the  environment 
when  used  exactly  as  identified  by  the  information  on  the 
label.  TVie  label  on  the  general  use  pesticides  will  read 
'  'General  Classification . ' ' 
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The  restricted  use  category  is  for  pesticides  that  could 
cause  some  human  injury  or  environmental  damage  even 
when  used  as  directed  on  the  label.  The  label  on  these 
products  will  state:  ^'Restricted  use  pesticide  for  retail  sale 
to  and  application  only  by  certified  applicators  or  persons 
under  their  direct  supervision."  The  restricted  use 
statement  must  be  at  the  top  of  the  front  panel  of  the  label. 
The  specimen  label  that  is  illustrated  in  figure  3-2  does  not 
contain  the  information  pertaining  to  its  category  of  use 
because  it  has  not  been  developed. 

As  you  have  seen,  the  pesticide  label  contains  much 
information,  although  some  of  it  is  not  readily  depicted. 
You  must  train  yourself  to  always  read  the  pesticide 
container  label  and  follow  all  instructions  provided  on  this 
document  to  protect  all  environmental  elements  as  much  as 
possible. 

Exercises  (240): 
1 .  What  is  the  purpose  of  pesticide  labels? 


2.  The  pesticide  label  is  used  as  a  guideline  for  what? 


3.  A  skull  and  crossbones  is  used  on  what  type  of 
pesticides? 


4.  Matach    each    subject    in    column    B    with  its 
identification  in  column  A. 


Column  A 

Column  B 

(1) 

EPA      Reg.  No. 

a. 

Brand  name. 

1 169-1. 

b. 

Common  name. 

(2) 

99.5  percent  inert. 

c. 

Ingredient  statement. 

(3) 

If  swallowed  induce 

d. 

Net  content. 

vomiting  and  call  a 

e. 

Name,  address  of  manufac- 

physician. 

turer. 

(4) 

DANGER. 

f. 

Registration    and  establish- 

(5) 

Avitrol. 

ment  number. 

(6) 

Restricted  use  pesti- 

g- 

Directions  for  use. 

cide  for  retail  sale  to 

h. 

Signal  words  and  symbols. 

and  application  on!y 

i. 

Precautionary  statement. 

by  certified  applica- 

j- 

Type  of  formulation. 

tors. 

k. 

Statement  of  practical  :reat- 

(7) 

Avitrol.  Tulsa. 

ment. 

Oklahoma. 

I. 

Statement  of  classificatio  i. 

<8) 

Haiidle  with  protec- 

tive gloves. 

(9) 

Carbaryl. 

(10) 

Pellet  form. 

  (I  I)  3  pounds. 

  (12)  When   it  should  be 

applied. 

241.  Specify  ^elected  pesticide  storage  precautions  and 
requirements. 

Precautions  for  Storing  Pesticides.  To  reduce  or 
prevent  explosion  and  fire  hazards  and  to  protect  yourself 
and  others  from  pesticide  poisoning  while  pesticides  and 
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equipment  are  being  stored,  the  following  precautions  must 
be  taken: 

(1)  Pesticides  must  be  stored  in  accordance  with  label 
recommendations. 

(2)  All  pesticide  and  pesticide  dispersal  equipment 
storage  areas  must  be  kept  locked  when  not  in  use. 

(3)  Pesticides  must  be  stored  out  of  reach  of  children. 

(4)  Exhaust  ventilation  must  be  turned  on  prior  to 
entering  storage  areas. 

(5)  The  **no-smoking,  eating,  or  drinking  rule"  must  be 
observed  while  in  storage  areas. 

(6)  Unlike  pesticide  substances  must  be  stored 
separately. 

(7)  Excess,  illegal,  and  expired  shelf-life  pesticides  must 
be  segregated  and  stored  separately  according  to  the  method 
of  disposal. 

(8)  Each  storage  area  must  be  properly  identified  as  to  the 
type  of  substance  it  contains  and  the  appropriate  sign  placed 
outside  the  door. 

(9)  Warning  signs  that  read  Warning — Pesticide 
Storage'*  or  other  similar  signs  must  be  posted  on  each 
visible  side  of  the  storage  area. 

(10)  A  list  of  chemicals  within  the  storage  areas  must  be 
posted  on  the  outer  surface  of  each  door, 

(11)  Names,  addresses,  and  phone  numbers  of 
individuals  to  contact  in  case  of  emergency  must  be  posted 
on  the  outer  surface  of  each  door. 

(12)  Fire  protection  procedures  must  be  posted  on  outer 
wall  near  the  door. 

(13)  Cleanup  procedures  for  pesticide  spills  and  for  the 
disposal  of  contaminated  items  must  be  posted. 

(14)  Pesticides  must  be  continually  stored  in  containers 
that  are  sound. 

(15)  All  pesticide  containers  must  be  labeled  and  plainly 
visible. 

(16)  Combustible  materials  must  be  labeled  as  such. 

(17)  Pesticide  containers  must  be  inspected  frequently  for 
deteriorated  conditions. 

(18)  If  pesticides  are  transferred  from  deteriorated 
containers  to  sound  containers  or  from  one  container  to 
another,  utilize  the  same  type  of  container  and  be  sure  to 
label  it  with  the  same  information  that  was  on  the  previous 
one. 

(19)  Pesticides  must  not  be  stored  in  empty  food  or  drink 
containers. 

(20)  All  pesticide  containers  must  be  kept  sealed  during 
storage. 

(21)  Pesticide  containers  must  h>e  str-  ^  .  -  to  permit 
clear  visibility  of  labels  and  easy  accei,:^. 

(22)  Containers  that  are  5  gallons  or  larger  must  be  stored 
at  very  low  levels. 

(23)  All  glass  containers  must  be  stored  at  low  levels  in 
unbreakable  encasements. 

(24)  Pesticides  with  the  least  shelf  life  remaining  should 
be  used  first. 

(25)  Pesticide  dispersal  equipment  must  be  labeled 
''Contaminated  with  Pesticides.'' 

(26)  Absorptive  clay,  hydrated  lime,  or  detergents  must 
be  available  for  emergency  cleanup  of  pesticide  spills. 

(27)  Appropriate  fire  extinguishers  must  be  readily 
available. 
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(28)  The  medical  department  must  be  notified,  in 
writing,  of  the  types  of  pesticides  being  stored  and  of  their 
hazards. 

(29)  The  fire  department  must  be  provided  with  a  floor 
plan  of  each  storage  area  identifying  the  types  and  location 
of  the  various  pesticides. 

(30)  The  fire  chief  must  be  provided  the  home  and 
business  telephone  numbers  of  storage  custodians,  EPA 
regional  administrator,  and  the  Pesticide  Safety  Team 
Network  of  the  National  Agricultural  Chemical 
Association. 

If  these  general  storage  precautions  are  observed  at  all 
times,  hazards  presented  by  p)esticides  to  the  environment, 
yourself,  and  others  will  be  reduced  greatly. 

Exercises  (241): 

..i.  I  a  list  of  chemicals  contained  within  the 
ra^^w  area  be  posted? 

2.  What  are  the  requirements  for  storing  excess,  illegal, 
and  expired  shelf-life  pesticides? 


3.   When  must  exhaust  ventilation  be  turned  on? 


4.   Pesticides  must  continually  be  stored  in  containers  that 
are  . 


5.   Pesticide  containers  must  be  stored  in  rows  to  permit 

  visibility  of  labels  and   

access. 


6.   What  items  of  equipment  must  be  readily  available  in 
storage  areas  in  case  of  fire? 


24;      .  .  t  v^h*  vjiJ  precautions  and  requirements. 

i     hh  5  '  phase  of  pesticide  handling  is 

ver>  iiuporiu...  you  because  it  is  the  phase  in  which  you 
are  most  apt  to  be  contaminated  with  the  most  toxic  form  of 
the  pesticide.  To  reduce  or  prevent  possibilities  of  being 
contaminated,  the  following  precautions  must  be  observed: 

(1)  Read  the  pesticid*^  label  and  follow  the  prescribed 
mixing  instructions. 

(2)  Wear  required  safety  protective  equipment  (discussed 
later  in  this  chapter). 

(3)  Keep  children  and  other  unauthorized  persons  out  of 
the  mixing  area. 
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(4)  Mix  pesticides  in  a  well-ventilated  area. 

(5)  Adhere  to  the  **no-smoking,  eating,  or  drinking  rule" 
while  mixing  pesticides. 

(6)  Mix  pesticides  in  a  well-lighted  area. 

(7)  Mix  pesticides  in  an  area  that  is  capable  of  preventing 
spilled  pesticides  from  contaminating  other  areas. 

(^"i  Insure  that  showers  and  washing  facilities  are 
available  within  the  immediate  area  of  mixing  for  personal 
decontamination  in  case  of  pesticide  spills  or  splashes. 

(9)  Know  the  first  aid  measures  to  be  taken  for  the 
pesticide  being  mixed. 

(10)  Use  the  buddy  system  when  possible. 

(11)  Open  bagged  pesticide  containers  with  a  sharp  knife 
instead  of  tearing. 

(12)  Close  all  containers  immediately  after  use  and  place 
them  back  in  proper  storage. 

(13)  Keep  pesticide  containers  below  eye  level  during 
mixing  to  prevent  splashes  to  the  face. 

(14)  Mix  only  the  amount  of  formulation  needed. 

(15)  Avoid  electrical  and  fire  hazards. 

(16)  Clean  ail  equipment  used  during  the  mixing 
op)eration  that  is  not  required  to  be  used  during  the 
application  and  hang  for  drying,  a  necessary. 

These  precautions  that  have  been  identified  are  the  basic 
precautions  to  be  taken  in  protecting  yourself  avid  others  and 
to  prevent  property  and  environmental  damage.  There  are 
others  that  you  will  probably  think  of,  which  is  good, 
because  the  more  precautions  you  take  the  safer  the 
operation  will  be. 

Exercises  (242): 

1 .  Mix  f)esticides  in  a  well    and  

area. 


2.  Know  the   measures  to  be  taken  for  the 

pesticide  being  mixed. 


3.  Mix  only  the   fo  formulation  needed. 


4.  Keep  pesticides  below  level  during  mixing  to 

avoid  splashes  *  **h:  . 


5.  Adhering  to  mixing  precautions  is  very  important 
because  this  phase  of  pesticide  handling  is  the  phase  in 

which  you  are  most  apt  to  be  with  the  most 

 form  of  the  pestiride. 
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243«  Specify  selected  pesticide  application  precautions 
and  requirements. 

Precautions  for  Applying  Pesticides,  It  is  in  this  phase 
of  pesticide  handling  that  most  possibilities  of 
contaminating  the  environment,  yourself,  and  others  with 
pesticide  formulations  exist.  Tliis  phase  also  presents  the 
most  possibilities  of  vehicular  and  pedestrian  accidents. 

As  though  these  are  not  enough  hazards  presented  during 
the  f)esticide  application  phase,  there  are  others,  such  as  fire 
and  electrical  hazards;  contamination  of  food  and  beverages 
through  direct  or  indirect  methods;  and  causing  damage  to 
facilities,  facility  furnishing,  and  wearing  apparel. 

Because  of  the  varied  situations  that  are  involved  in  this 
phase  of  pesticide  handling,  the  precautions  to  be  taken  will 
be  separated  inio  general,  outdoor,  and  indoor  application 
precautions. 

General  application  precautions.  The  general 
application  precautions  that  must  be  taken  are  as  follows: 

(1)  Select  a  pesticide  registered  for  your  specific 
problem. 

(2)  Read  and  follow  all  instructions  provided  by  the 
pesticide  label. 

(3)  Inspect  all  protective  equipment  you  use  and  make 
necessary  corrections. 

(4)  Wear  all  appropriate  protective  equipment  while 
handling  or  applying  pesticides. 

(5)  Adhere  to  the  "No  smoking,  eating,  or  drinking 
rule"  while  applying  pesticides. 

(6)  Know  the  hazards  that  may  be  presented  to  the 
environment. 

(7)  Make  sure  all  pesticide  spills  are  promptly  cleaned 
up. 

(8)  Plan  the  actions  to  take  in  case  of  accidental 
poisoning  or  other  accidents. 

(9)  Know  first  aid  measures  and  antidotes  for  the 
pesticide  selected  to  be  used. 

(10)  Know  emergency  telephone  numbers  of  medical  and 
fire  departments. 

(11)  Keep  a  suitable  fire  extinguisher  readily  available 
for  the  type  of  pesticide  formulation  you're  using. 

(12)  Make  sure  you  have  a  suitable  decontamination  kit 
and  a  change  of  clothin;7  readily  available. 

(13)  Select  the  safest  and  most  effective  equipment 
available  for  the  job. 

(14)  Perform  a  preoperational  inspection  on  equipment  to 
be  used  to  insure  that  it  is  or   itionnl  and  dors  not  leak. 

(I5>  Tn<^ure  that  eqiiir         is  /    ;  ibrated  for  th. 

rate....    acation  rcq 

(16)  insure  that  t  equipment  is  properly  secured 
with  safety  chains  and  iucKpins. 

(17)  Insure  there  are  no  obstructions  to  visibility  while 
applying  pesticides.  If  there  are,  stop  operations,  and 
arrange  for  escort  or  assistance. 

(18)  Use  the  buddy  system  when  performing  operations 
that  require  towing  dispersal  equipment  and  the  use  of 
highly  toxic  pesticides. 

(19)  Apply  pesticides  only  after  all  hazardous  aspects 
have  been  analyzed  and  it  has  been  determined  that  all 
foreseeable  hazards  have  been  eliminated. 


(20)  Release  all  pressure  from  pesticide  dispersal 
equipment  following  application. 

(21 )  Clean  all  equipment  that  has  been  used. 

(22)  Always  wash  yourself  following  application. 

(23)  Bathe  and  change  clothes  at  the  end  of  each  duty 
day. 

Outdoor  application  precautions.  The  following  outdoor 
application  precautions  must  be  taken  in  addition  to  the 
general  application  precautions  previously  identified: 

(1)  Know  the  type  of  terrain  to  avoid  contamination  of 
underground  water  sources,  streams,  ponds,  rivers,  and 
lakes. 

(2)  Observe  windspeed  and  direction  and  keep  upwind 
from  the  direction  of  pesticide  drifts  to  reduce  (^ifts  as 
much  as  possible. 

(3)  Avoid  contaminating  nontarget  areas. 

(4)  Inform  workers  of  pesticides  used,  poisoning  signs 
and  symptoms,  and  the  precautions  they  can  take  when 
pesticides  are  being  applied. 

(5)  If  the  program  is  to  be  conducted  basewide,  notify  all 
personnel  by  using  the  official  bulletin  and/or  base 
newspaper. 

(6)  Avoid  direct  application  of  pesticides  to  power  lines, 
transformers,  and  transformer  banks. 

(7)  Avoid  traveling  over  terrain  that  could  damage 
vehicles  of  equipment. 

(8)  Avoid  direct  application  of  pesticides  to  vehicles, 
pets,  pedestrians,  and  other  people  outdoors. 

(9)  Make  sure  vehicle  and  towed  equipment  lights  are 
operable  and  on,  including  emergency  flashers,  while 
applying  pesticides  from  roadways. 

(10)  Don't  exceed  5  mph  while  applying  pesticides  from 
vehicles. 

If  you  observe  these  precautions,  along  with  the  general 
precautions,  outdoor  application  operations  will  be  much 
more  safe  and  effective. 

Indoor  application  precautions.  The  following  indoor 
application  precautions  must  be  taken  in  addition  to  the 
general  application  precautions  previously  identified: 

(1)  Before  you  apply  pesticides  indoors,  conduct  a  survey 
to  determine  the  type  and  location  of  pests,  degree  of 
infestation,  potential  hazardous  conditions  that  exist,  and 
the  actions  you  must  take  before  you  do  the  work. 

(2)  Make  appointments  with  responsible  building 
occupants  as  to  the  date  and  time  treatment  will  be  done. 
Inform  them  o  Jne  typ/-  l..  '  chisra.  icri^  ics  oi  the  pesticide 
to  '-^^  f^i^  the  ,  .^uaoni»  and  actions  that  must  be 
taKc  t.^  the  oh  as  building  preparations,  safe  reentry 
times,  and  clc.     p  instructions. 

(3)  Make  sure  all  dishes,  utensils,  food  containers,  food, 
beverages,  stored  products,  tobaccos,  and  smoking 
equipment  are  removed  or  covered. 

(4)  Don't  apply  liquid  pesticides  to  electrical  panel 
boxes,  outlets,  or  switches. 

(5)  Make  sure  all  electricity  and  heat  sources  are  turned 
off  at  the  building's  primary  source  when  you  use  fumigants 
or  other  volatile  formulations. 

(6)  Never  apply  pesticides  to  interior  portions  of 
refrigerators  and  ovens,  because  toxic  vapors  of  pesticides 
can  be  transferred  to  foods. 
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(7)  Don't  apply  pesticides  to  closets  and  drawers  unless 
all  items  have  been  removed. 

(8)  Don't  apply  residual  sprays  or  dusts  to  floors  and 
baseboards  in  areas  where  small  children  sleep  and  play. 

(9)  Don't  use  pesticidal  baits  in  areas  thai  are  accessible 
to  children  and  pets. 

(10)  Avoid  applying  pesticides  directly  overhead  by 
keeping  the  spray  nozzle  extended  away  from  and  in  fro  ■ 
of you. 

(11)  Make  sure  fish  aquariums  o..  and  covered 
or  removed.  Aquatic  animals  arc  Uic  most  sensitive  forms 
of  life  to  pesticides. 

(12)  Make  sure  indoor  plants  are  removed  or  covered 
when  you  use  volatile  formulations. 

These  application  precautions  are  only  the  basic 
precautions  you  must  follow  and  are  not  intended  to  be  a 
complete  list  of  precautions  you  must  take.  It  is  to  your 
benefit  and  others  that  all  of  these  precautions — along  with 
the  ones  that  you  think  of  and  the  special  ones  that  are 
identified  on  each  pesticide  container — be  observed.  It  is 
not  only  to  your  benefit  but  also  your  responsibility  to 
follow  all  precautions  possible  when  applying  pesticides. 

Exercises  (243): 

1.  When  applying  pesticides,  make  sure  all  pesticide 
 are  promptly  cleaned  up. 

2.  Make  sure  the  equipment  is  properly  for 

the  rate  of  application  required. 


3,  In  addition  to  presenting  the  most  possibilities  of 
contaminating  the  environment,  yourself,  and  others, 
the  application  phase  of  pesticide  handling  presents  the 

most      possibilities      of    and 

 accidents. 


[f.iure  jbticides   indoors,   you  should 

 to  determine  the  to  be 

taken  in  case  of  accidental  poisoning  or  other  accidents 
that  may  be  involved. 


5.  The  most  appropriate  general  application  precaution 
that  offers  the  best  protection  a^ainsi  ingestion  of 
pesticides  by  the  operator  is  also  referred  to  as  a  rule. 
What  is  the  rule  that  is  being  referenced? 


6.  If  a  pest  management  program  is  to  be  conducted 
basewide,  all  personnel  should  be  notified.  How  can 
this  notification  be  accomplished? 


244.  (      selected  pesticide  transporting  precautions  and 
requireiiients. 

Transporting  Precautions.  Pesticides  can  present  many 
hazards  to  the  environment,  yourself,  and  others  if  they  are 
transported  without  the  knowledge  of  how  to  do  it  safely 
and  without  adhering  to  the  basic  safety  precautions. 

The  vehicle  and  the  dispersal  equipment  used  in 
transporting  f)esticides  £u^  important  in  this  phase  of 
handling  pesticides,  because  if  the  wrong  type  vehicle  and 
delapidated  equipment  are  used,  many  hazards  are 
presented. 

Each  vehicle  used  for  transporting  pesticides  must  be 
assigned  directly  to  the  pest  management  section  and  is  not 
to  be  lent  to  other  units,  because  this  vehicle  has  become 
contaminated  with  pesticides  and  will  present  unnecessary 
and  unwarranted  hazards  to  others. 

The  vehicle  must  be  the  type  that  contains  numerous 
locked  storage  compartments  for  storing  various  types  of 
pesticides,  supplies,  equipment,  and  tools  during  transport 
and  for  conducting  pest  management  operations  throughout 
the  base  area.  Such  locked  compartments  prevent  access  to 
any  of  these  items  by  children  and  other  unauthorized 
people  while  unattended  by  pest  managers. 

To  prevent  undue  exposure  to  toxic  vapore  and  splashes 
to  driver  and  passengers,  the  vehicle  must  be  designed  so 
that  these  storage  compartments  are  not  within  the  same 
enclosure  that  is  occupied  by  the  driver  and  passengers. 

In  addition  to  these  requirements,  the  vehicle  must  have 
good  visibility  in  all  directions  and  be  able  to  tra\xi  ' 
equipment  over  almost  all  types  of  terrain.  Goo^^  ^ 
is  necessary  to  prewnt  vehicular  and  pedestrian  i^nts 
and  ^>  monitor  the  operation  of  powered  di.yiHSdX 
equv^ient  being  towed. 

Pesticide  dispersal  equipment  used  v  transport  pesticides 
must  be  in  good  repair  to  prevent  dripping  and  splashing  of 
pesticides  during  the  travel,  thus  reducing  contamination  of 
the  environment  and  hazards  to  children  and  others. 

Tne  following  precautions  must  be  observed  during  the 
transport  phase  of  pesticide  handling: 

(1)  Read  the  pesticide  label  and  follow  special 
instructions  for  transporting  pesticides  when  given. 

(2)  Wear  required  safety  protective  equipment  while 
loading  and  unloading  pesticide  equipment. 

(3)  Keep  children  and  other  authorized  people  away  from 
vehicle  and  equipment. 

(4)  Label  pesticide  dispersal  equipment  as  Heing 
contaminated  with  pesticides.  Use  signs  that  r^i  asy 
visibility  and  one  that  can  be  understood  by  everyone. 

(5)  Keep  all  storage  compartments  locked  at  all  times. 

(6)  Drive  slowly  and  avoid  quick,  short  turns  to  prevent 
pesticide  spills. 
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(7)  Know  the  first  aid  procedures  to  be  taken  for 
pesticides  being  transported  and  know  vvhere  assistance  can 
be  obtained,  if  necessary. 

(8)  Make  sure  emergency  procedures  and  telephone 
numbers  are  available  in  the  vehicle  in  case  of  pesticide 
spills  and  traffic  accidents. 

(9)  Make  sure  a  COj  fire  extinguisher  is  available  and 
secure  on  the  vehicle  used  to  transport  pesticides. 

(10)  Make  sure  vehicles  and  equipment  are  in  safe 
operational  condition. 

(11)  A  container  of  water  should  be  available  on  the 
vehicle  for  emergency  decontamination  of  eyes  and  skin  in 
the  event  of  pesticide  spills  and  splashes  to  the  body. 

(12)  Transport  all  pesticides  in  unbreakable  containers. 

(13)  Make  sure  all  pesticide  containers  being  transported, 
except  for  equipment,  have  a  complete  EPA-registered 
label. 

(14)  Make  sure  safety  chains  and  locking  pins  are  in 
place  before  you  tow  dispersal  equipment. 

There  have  been  many  cases  of  accidental  poisonings 
that  have  occurred  due  to  unsafe  transporting  of  pesticides. 
Most  of  these  poisonings  occur  to  children  while  the  vehicle 
being  used  is  left  un ^"tended  with  no  safe  way  to  secure 
pesticides.  Remember,  you  have  the  responsibility  to  insure 
that  every  precaution  available  is  taken  to  transport 
pesticides  safely  because  you  are  the  one  who  is 
knowledgeable  of  the  hazards  that  are  presented  by 
pesticides. 

Exercises  (244): 

1.  The  transporting  vehicle  must  contain  numerous 
 compartments  for  storing  pesticides. 


2.  Keep 


and  other  unauthorized 


away  from  transporting  vehicle  and  equipment. 


3.   Pesticide  dispersal  equipment  used  in  transporting 

pesticides  must  be  in  good  to  prevent 

dripping  and  splashing  of  pesticides. 


4.   Vehicles  used  for  pest  management  operations  must  be 

assigned  directly  to  the  

section. 


5.  To  identify  pesticide  dispersal  equipment  as  being 

contaminated  with  pesticides,  a  must  be 

placed  on  the  equipment. 


6.  Keep  all 


compartments 


at  all  times. 


245.  State  the  purpose,  frequency,  and  method  for 
conducting  pesticide  inventories. 

Pesticide  Inventories.  You  should  conduct  a  complete 
inventory  of  all  pesticides  that  you  are  responsible  for  at 
least  once  a  month.  This  inventory  should  be  documented 
and  maintained  as  an  operational  shop  record.  Of  course, 
more  frequent  inventories  are  desirable,  but  these  interval 
inventories  don't  necessarily  have  to  be  recorded. 
Inventories  serve  as  a  good  management  tool  for  ail 
supplies  and  equipment.  They  provide: 

(1)  An  additional  security  measure. 

(2)  The  capability  of  detecting  early  signs  of  pesticide 
container  deterioration. 

(3)  An  additional  means  for  insuring  that  pesticides  are 
properly  stored. 

When  pesticide  inventories  are  not  conducted  regularly, 
a  laxity  in  control  often  develops,  and  personnel  within  the 
section  begin  to  give  pesticides  to  their  friends  and  others 
(who  are  untrained  in  proper  pesticide  use)  for  use  within 
and  around  their  homes . 

Pesticides,  especially  those  that  are  restricted  use 
pesticides,  should  never  be  provided  to  friends  or  anyone 
else,  because  they  do  not  know  the  proper  way  to  apply  or 
store  them.  Therefore,  you  are  responsible  for  any  accidents 
that  may  occur  through  ignorance  and  negligence  on  the 
part  of  the  individuals  to  whom  you  gave  the  pesticide. 

There  are  many  times  that  deteriorated  conditions  of 
pesticide  containers  are  detected  while  conducting 
inventories.  If  the  inventory  had  not  been  conducted,  the 
container  could  have  deteriorated  to  the  point  of  allowing  a 
major  spillage  of  the  pesticide,  which  would  hav 
immensely  increased  potential  hazards.  However,  with 
early  detection  of  deterioration,  you  can  transfer  the 
pesticide  to  an  approved  substitute  container  and  relabel  it 
to  reassure  safe  and  proper  storage. 

In  order  to  maintain  an  accurate  inventory  of  pesticides 
you  must  record  all  pesticides  received  between  each 
inventory  and  the  ones  that  have  been  withdrawn  from  the 
inventory.  When  the  inventory  has  been  completed  you 
should  compare  the  withdrawals  with  the  materials  received 
to  insure  that  the  pesticides  on  hand  match  the  total  of  the 
two  transactions. 

If  you  have  less  pesticide  on  hand  than  the  records 
indicate,  you  should  conduct  another  inventory 
immediately  and  recheck  pesticides  withdrawn  and 
received  records  to  determine  if  a  mistake  was  made.  If  no 
mistake  is  found,  then  you  should  expend  all  efforts  to 
determine  why  the  pesticide  cannot  be  accounted  for, 
especially  when  the  pesticide  is  very  toxic  or  if  the  quantity 
is  significant. 


Exercises  (245): 

1 .  What   are   three  reasons  for  conducting  pesticide 
inventories? 
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2.  When  should  extreme  effort  be  expended  to  locate 
pesticides  that  cannot  be  accounted  for? 


3.  Should  you  ever  provide  pesticides  to  your  friends? 
Why? 


4.  When  should  pesticide  inventories  be  conducted? 


5.  Explain  how  to  maintain  adequate  pesticide  inventory 
records. 


246.  Specify  principles,  procedures,  and  techniques 
involved  in  managing  pesticide  spills. 

Handling  Pesticide  Spills.  Regardless  of  how  well 
supervisors  plan  shop  work  or  train  their  subordinates, 
pesticide  spills  still  occasionally  happen.  Typical  spills 
range  from  a  1 -gallon  can  of  chemical  falling  from  a  truck 
o  several  55-gallon  cans  being  punctured  by  a  forklift.  The 
worst  case  of  a  spill  would  be  exploding  containers  in  a  fire. 

Spill  emergency  procedures.  When  a  pesticide  spill 
occurs,  specific  procedures  should  be  followed  for 
providing  first  aid,  notifying  proper  authorities,  and 
cleaning  up  and  decontaminating  the  spill  area.  Personnel 
working  with  pesticides  or  in  areas  containing  pesticide 
chemicals  should  be  adequately  trained  for  quick 
evacuation  and  proper  spill  prevention  and  emergency 
procedures  as  follows: 

(1)  Identify  the  chemical.  If  possible,  determine  the 
pesticide  involved  in  the  spill  incident.  Information  such  as 
fo^nulation,  percent  active  ingredient,  and  manufacturer's 
11  e  and  address  should  be  obtained. 

(2)  Personal  safety  and  first  aid.  It  must  be  emphasized 
that  when  managing  any  spill  the  most  immediate  concern 
is  for  the  health  and  well  being  of  persons  in  and  around  the 
immediate  spill  area. 

^irst  aid  kits  should  be  maintained  at  pest  control  shops 
and  storage  areas  and  carried  on  pest  control  vehicles.  In 
addition,  the  telephone  numbers  of  the  local  medical  unit 
and  poison  control  center  should  be  posted  in  visible 
locations  and  carried  by  pest  control  personnel  at  all  times 
when  on  the  job. 

(3)  Site  security.  Secure  the  spill  site  from  entry  by 
unauthorized  personnel  by  roping  off  the  area  and  posting 
warning  signs.  If  necessary,  obtain  assistance  from  the 
activity's  police  or  security  unit. 

Containment  and  control.  Spilled  pesticides  xTxUst  be 
contained  at  the  original  site  of  the  spill.  You  must  prevent 
the  pesticide  from  entering  storm  drains,  wells,  water 
systems,  and  navigable  waterways  by  following  these 
procedures: 
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(1)  Don  appropriate  protective  equipment  from  a  spill  kit 
or  the  pest  control  shop.  Refer  to  table  3-1  for  a  list  of 
recommended  spill  kit  contents. 

(2)  Prevent  further  leakage  by  repositioning  the  pesticide 
container. 

(3)  Prevent  the  spill  from  spreading  by  trenching  or 
encircling  the  area  with  a  dike  of  sand,  absorbent  material, 
or,  as  a  last  resort,  soil  or  rags. 

(4)  Cover  the  spill.  If  the  spill  is  liquid,  use  an  absorbent 
material;  if  dry  material,  use  a  polyethylene  or  plastic 
tarpaulin.  {NOTE:  Use  absorbent  materials  sparingly 
because  they  also  must  be  disposed  of  as  hazardous  wastes. 

Cleanup.  Adequate  cleanup  of  spilled  pesticides  is 
essential  in  order  to  remove  any  health  or  environmental 
hazards.  V/hen  cleaning  up  pesticide  spills,  it  is  ad%^isable 
NOT  TO  WORK  ALONE  and  to  make  sure  the  area  is 
properly  ventilated  and  that  appropriate  protective 
equipment  is  used  by  all  personnel. 

(1)  Dry  spills  (dusts,  wettabie  powders,  granular 
formulations)  should  be  picked  up  in  the  following  manner. 
Immediately  cover  powders,  dusts,  or  granular  materials  to 
prevent  them  from  becoming  airborne.  This  can  be  done  by 
placing  a  polyethylene  or  plastic  tarpaulin  over  the  spilled 
material.  Weight  the  ends  of  the  tarp,  especially  the  end 
facing  into  the  wind.  Begin  cleanup  operations  by 
systematically  rolling  up  the  tarp  while  simultaneously 
sweeping  up  the  spilled  pesticide  using  a  broom,  shovel,  or 
dust  pan.  While  sweeping,  avoid  brisk  movements  in  order 
to  keep  the  dry  pesticide  from  becoming  airborne.  If 
indoors,  a  cover  may  not  be  necessary.  When  practical, 
light  sprinkling  with  water  may  be  used  instead  of  a  cover. 

Collect  the  pesticide  and  place  it  in  heavy-duty  plastic 
bags.  Properly  secure  and  label  the  bags,  identifying  the 
pesticide  and  possible  hazards.  Set  the  bags  aside  for  later 
disposal. 

(2)  Liquid  spills  should  be  cleaned  up  by  placing  an 
appropriate  absorbent  material  (floor-sweeping  compound, 
sawdust,  sand,  etc.)  over  the  spilled  pesticide.  Work  the 
absorbent  into  the  spill  using  a  broom  or  other  tool  to  force 
the  absorbent  into  close  contact  with  the  spilled  pesticide. 
Collect  all  spent  absorbent  material  and  place  into  a 
properly  labeled  leakproof  container. 

(3)  Contaminated  soil  should  be  removed  to  a  depth  of  at 
least  3  inches  below  the  wet  surface  line  and  placed  in 
properly  labeled  leakproof  drums  for  disposal . 

Decontamination.  Decontamination  solutions  can  be 
used  for  decontaminating  surfaces  and  materials  where 
spills  of  dust,  granular,  wettabie  powder,  or  liquid 
pesticides  have  occurred.  However,  the  bulk  of  the  spilled 
pesticide  should  be  cleaned  up  or  removed  before  you  apply 
any  decontaminant.  After  cleaning  up  the  bulk  material, 
apply  the  appropriate  decontamination  solution  and  allow  1 
to  6  hours  of  reaction  time  before  using  an  absorbent 
material. 

Depending  on  the  location  of  the  spill  and  the  pesticide 
spilled,  chlorine  bleach,  caustic  soda  (lye,  sodium 
hydroxide)  or  lime  can  be  used  to  effectively  decontaminate 
most  spill  areas.  Many  pesticides,  especially  the  organic 
phosphate  pesticides,  decompose  when  treated  with  lye  or 
lime.  Fewer  pesticides  are  decomposed  by  bleach  (sodium 
hypochlorite). 
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TABLE  3-1 
RECOMMENDED  SPELL  KIT  CONTENTS 


Proper  handling  of  pesticide  spills  requires  prior  preparation  of  a  spill  kit 
containing  directions  for  use  in  case  a  spill  incident  should  occur.    The  kits 
should  be  labeled  and  designated  for  use  in  handling  pesticide  spills  only,  and 
should  be  strategically  placed  where  spills  are  most  likely  to  occur.    The  label 
should  list  the  contents,  and  the  kit  should  be  sealed  to  discourage  pilferage. 


Spill  kits  may  be  assembled  by  procuring  Items  through  the  Federal  Supply  System, 
or  from  conmerclal  sources.    Additional  suppliers  may  be  obtained  by  contacting 
the  EFD  Applied  Biologist  or  Command  Entomologist. 


The  following  is  a  list  of  equipment  required  for  shop  and  vehicle  spill  kits; 


Shop  Kit 

1  55-gallon  open-head  drum 

1  set  of  instructions 

4  pairs  of  neoprene  gloves 

2  pairs  of  unvented  goggles 

2  respirators  and  pesticide  cartridges 

2  aprons  (chemical  resistant) 

2  pairs  of  rubber  boots 

2  pairs  of  100%  cotton  coveralls 
1  dustpan 

1  shop  brush 

1  square-point  "D"  handle  shovel 

1  dozen  polyethylene  bags  w/tles 

(heavy  ply) 

1  18"  pushbroom,  synthetic  fibers 

1  gallon  liquid  detergent 

3  gallons  household  bleach 
80  lbs  absorbent  material 

1  bung  wrench 

1  drum  spigot 

1  1-3/8"  open-end  wrench 

1  1  drum  pump  (manual ) 

30  ft.  1/2"  polyethylene  tubing 

or  1  2i>-ft.  garden  hose 

1  bung  2-1/2" 

1  bung  3/4" 

blank  labels 

1  first  aid  kit 


Vehicle  Kits 

1  instruction  sheet 

1  5-gallon  open-head  drum 

2  pairs  of  neoprene  gloves 
1  pair  of  unvented  goggles 
1  respirator  and  cartridge 
1  pair  of  coveralls 

1  dustpan 
1  shop  brush 

10-30  lbs  absorbent  material 
1  pint  liquid  detergent 
6  polyethylene  bags  w/ties 

(heavy  ply) 
1  portable  eyewash 

blank  labels 
1  first  aid  kit 
1  pr  rubber  boots 
1  apron 


Most  equipment  and  materials  needed  for  spill  emergency  response  and  for 
maintaining  spill  kits  can  be  obtained  through  the  GSA  Federal  Supply  System  or 
local  manufacturing  companies. 
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Dry  decontaminants  should  be  spread  thinly  and  evenly 
over  the  5^  area.  Then,  using  a  water  can,  lightly  sprinkle 
the  area  .ith  water  to  activate  the  decontaminant.  Liquid 
decontaminants  should  be  applied  in  amounts  no  greater 
than  specified  in  table  3-2. 

The  preceding  procedures  must  be  repeated  until  all  the 
spilled  pesticide  is  removed.  Clean  all  equipment  used  for 
spill  cleanup  with  detergent  and  appropriate 
decontaminants.  Collect  all  spent  decontaminants  and  rinse 
water  and  place  them  in  labeled  leakproof  containers. 
Clothing  and  gloves  that  cannot  be  decontaminated  must  be 
placed  in  leakproof  containers  for  proper  disposal. 
Depending  on  the  particular  surface,  the  following 
additional  procedures  may  need  to  be  done  as  specified. 

Nonporous  surfaces  should  be  washed  with  detergent  and 
water.  The  appropriate  decontamination  solution  should  be 
thoroughly  worked  into  the  surface  using  a  long-handled 


broom,  scrub  brush,  or  other  equipment  as  needed.  Then 
the  decontamination  solution  is  soaked  up  using  absorbent 
material.  The  spent  absorbent  material  is  then  placed  into  a 
labeled  leakproof  container  for  disposal. 

If  pesticide  containers  have  leaked  or  if  pesticides  have 
been  spilled  on  a  soil  surface,  all  soil  should  be  removed  to 
at  least  a  depth  of  3  inches  below  the  wet  surface  line  and 
placed  in  drums  for  disposal. 

Porous  materials  such  as  wood  may  not  be  adequately 
decontaminated.  If  contamination  is  great  enough  to 
warrant,  they  must  be  removed  and  replaced  with 
comparable  new  materials. 

Tools,  vehicles,  equipment  and  any  contaminated  metal 
or  other  nonporous  objects  can  be  readily  decontaminated 
using  detergent  and  the  appropriate  decontamination 
solution  (table  3-2).  However,  smaller  quantities  of  the 
decontamination  solution  may  be  required. 
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TABLE  3^2 
PESTICIDE  DECONTAMINANlb 


Depen<i;ng  on  the  particular  pesticide,  chlori      blo^ich,  caustic  soda  (lye»  sodium 
hydroxide)  or  lime  can  be  used  to  effectively  Ucuc  'iminate  most  spills.  Many 
pesticides,  especially  the  organophosphate  pesticidr-     ioc:ort,poso  when  treated  with 
lyc  or  lime.    Fewer  pesticides  arr  decompc     '  ^.y  b1c\.-.h  (sodium  hypochlorite). 
0th.-  oesticides  cannot  be  effectively  doc         Injind  and  should  only  be  treated 
'j^tr.  ('.rU*-.-nent  and  water  to  assist  in  removal.      ome  exaniples  of  common  pesticides 
k  .>t  cdii  b»*  decontaminated  ^re  listed  below: 


Use 

LtiT.o  To.  . 

Use  Chlorine 
Dlcach  for: 

Do  not  use  any  decontamination 

Chcr;iicals  for  thc:;c  pciitlcidcs 

f  t. 

Calcium  cyanamide 

Alachlor 

-jxur 

Calcium  Cyanide 

Chloramben 

Cdptan 

Chlorpyrifos 

Chlordane  and  other 

Cdrba**yl 

Fonophos 

Chlorinated  hydrocarbons 

Dia2inon 

Merphos 

Diuron 

Naled 

Lethane 

2,4-0 

2,4,5,-T 

Maneb 

Malathion 

Methoxchlor 

Acephate 

Pentac^^orophenol 

t:a 

Picloram 

Rotenone 

Toxaphene 

Dalapon 

Trifulralin 

Dichlorvos 

Dimethoate 

use 

A  practical  guide  for  applying  decontaminants  is  as  follows: 

Perr.ent  Active  Ingredient  Amount  of  Decontaminant  needed 

1-10  Use  an  amount  of  decontaminant  equal 

to  the  quantity  of  pesticide  spilled 

1-79  Use  an  amount  of  decontaminant  equal 

to  1.5  times  the  quantity  of  pesticide 
spi 1  led. 

80-100  The  amount  of  decontaminant  used  should 

be  equal  to  twice  the  quantity  of 
spilled  pesticide. 

WARNING;    There  is  a  slight  potential  for  creating  toxic  by-products  when  using 
these  procedures.     In  critical  situations,  samples  of  affected  components  (soil, 
sediment,  water,  etc.)  should  be  taken  and  sent  to  a  laboratory  ^cr  analysis  in 
order  to  determine  if  decontamination  was  successful. 


Lye  or  Lime 

Pesticides  susceptible  to  lye  or  lime  may  be  decontaminated  when  mixed  with 
an  excess  quantity  of  either  of  these  materials.    These  materials  can  be  used  in 
either  the  dry  form  or  in  sjlution.    A  10%  solution  of  lye  or  lime  can  be  made  as 
f  0 1 1  ows : 

Mixing  directions:    Mix  0.75  pounds  of  lye  or  lime  in  3.5  quarts  of  water  to 
make  1  gallon  cf  10%  solution. 

Caution:    Caustic  soda  (lye)  can  cause  severe  eye  damage  to  persons  not 
properly  protected.    Protect  against  contact  by  wearing  unventilated  goggles, 
long-sleeved  work  clothes  with  coveralls,  neoprene  gloves,  and  chemical-resistant 
apron.    An  approved  raspirator  should  also  be  worn.    Do  not  use  lye  on  aluminum 
surfaces. 


Bleach  Treatment.    Certain  pesticides  can  be  degraded  by  treatment  with  bleach 
(sodium  hypochlorite).     In  general,  one  gallon  of  hOL?sehold  bleach,  which  contains 
approximately  5  percent  sodium  hypochlorite,  should  be  used  per  pound  or  gallon 
of  pesticide  spilled.    If  bleaching  powder  is  used,  first  mix  it  with  water  (one 
gallon  of  water  per  pound  of  bleach)  and  add  a  small  amount  of  liquid  deter-gent. 
For  safety  purposes,  a  preliminary  test  must  be  run  us1»  j  small  amounts  of  bleach 
and  the  spilled  pesticide.    The  reaction  resulting  from  this  test  must  be  observed 
to  make  sure  reaction  Is  not  too  vigorous     Do  not  store  in  close  proximity  to,  or 
mix  chlorine  bleach  with,  amine-containing  pesticides.    Co-mingling  of  these 
materials  can  cause  *  violent  reaction  resulting  in  fire.    Calcium  hypochlorite  is 
not  reconmended  as  a  decontaminating  agent  because  of  the  fire  hazard. 


The  decontamination  solution  can  be  applied  to 
contaminated  equipment  by  soaliing  the  equipment  in  a  pail 
filled  with  solution  or  by  using  a  scrub  brush.  All  tools  and 
surfaces  must  be  thoroughly  rinsed  with  sparing  amounts  of 
clean  water.  All  rinse  water  and  spent  decontamination 
solution  should  be  collected  in  drip  pans  or  other  suitable 
containers  and  transferred  to  a  prop>erly  labeled  leakproof 
drum  for  disposal . 

Disposal.  All  contaminated  materials,  including  cloth, 
soil,  wood,  etc.,  that  cannot  be  effectively  decontaminated 
as  described  in  this  guide  must  be  removed  and  placed  in  a 
sealed  leakproof  drutn.  All  drums  must  be  properly  labeled 
as  to  the  types  of  chemicals  in  them;  all  must  be  disposed  of 
in  a  hazardous  waste  disposal  facility  (incinerator,  landfill 
site,  etc.)  under  current  EPA  or  state  permit. 

Exercises  (246): 

1.  What  should  be  your  immediate  concern  in  the  event 
of  a  pesticide  spill? 


2.  What  actions  should  be  taken  to  secure  the  site  of  a 
pesticide  spill? 

3.  List  the  four  steps  to  be  taken  to  contain  a  pesticide 
spill. 

(1) 

(2) 
(3) 
(4) 

4.  What  actions  can  you  take  to  prevent  an  outdoor  dry 
spill  from  spreading? 


5.  How  should  contaminated  soil  be  handled  after  a  liquid 
pesticide  is  contained? 


6.  When  should  a  decontamination  solution  be  applied? 


7.  What  are  three  decontamination  solutions  you  can  use? 
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8.  What  decontaminates  work  best  for  organophosphate 
pesticide  spills? 


9.  To  which  class  of  pesticides  should  you  not  apply  any 
decontaminates? 

10.  List  the  three  actions  you  should  take  in  disposing  of 
materials  that  cannot  be  effectively  decontaminated. 

(1) 

(2) 

(3) 


247.  Specify  the  safety  methods  and  precautions  you 
must  take  when  disposing  of  surplus  pesticides  and  their 
containers. 

Disposal  Methods  and  Precautions.  Surplus  pesticides 
must  be  disposed  of  in  a  manner  that  will  not  permit  harm  to 
people  or  animals,  will  not  contaminate  the  air  or  the  water 
supply,  and  will  not  harm  the  environment. 

When  cleaning  pesticide  application  equipment,  such  as 
sprayers  and  dusters,  do  not  let  the  cleaning  solution  run 
down  the  sink  because  this  will  lead  to  direct  contamination 
of  the  sewage  water.  If  a  suitable  open  land  area,  such  as  a 
field  or  cinder  or  gravel  driveway,  is  available,  moderate 
amounts  of  wash  water  can  be  sprayed  or  poured  on  the 
surface  so  the  pesticide  will  be  broken  down  by  the  action 
of  air  and  sunlight.  Care  must  be  taken  to  be  sure  there  is  no 
possibility  of  contamination  of  ground  water  under  the 
disposal  area,  and  the  disposal  area  must  be  located  so  there 
is  no  possibility  of  runoff  into  a  sewer,  stream,  or  any  other 
place  where  contamination  could  occur. 

Federal  regulations  recommend  these  ways  to  dispose  of 
organic  pesticides. 

(1)  .  Bum  them  in  a  pesticide  incinerator  at  the  specified 
temperature/dwell  time  combination. 

(2)  If  appropriate  incineration  facilities  are  not  available, 
organic  pesticides  may  be  buried  in  a  specifically 
designated  landfill.  Records  should  be  kept  for  locating  the 
buried  pesticides  in  the  landfill  site. 

The  regulations  also  set  up  three  categories  of  containers 
and  recommend  ways  to  dispose  of  each  kind. 

(1)  Group  I  containers:  Combustible  containers  that 
formerly  contained  organic  or  metallo-organic  pesticides, 
except  organic  mercury,  lead,  cadmium,  or  arsenic 
compounds,  should  be  disposed  of  in  a  pesticide 
incinerator,  or  buried  in  a  specially  designated  landfill; 
except  that  small  quantiti.;s  of  such  containers  may  be 
burned  in  open  fields  by  the  user  of  the  pesticide  when  such 
open  burning  is  permitted  by  state  and  local  regulations,  or 
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buried  singly  by  the  user  in  open  fields  with  due  regard  for 
protection  of  surface  and  subsurface  water. 

(2)  Group  11  containers:  Noncombustible  containers  that 
formerly  contained  organic  or  metallo-organic  pesticides, 
except  organic  mercury,  lead,  cadmium,  or  arsenic 
compounds,  should  first  be  triple-rinsed.  Containers  in 
gocxi  condition  may  then  be  returned  to  the  pesticide 
manufacturer  or  formulator.  Drums  may  be  reconditioned 
for  reuse  with  the  same  chemical  class  of  pesticide 
previously  contained,  providing  such  reuse  is  legal.  Any 
other  rinsed  metal  container  should  be  punctured  to  keep 
others  from  using  it  before  you  take  it  to  a  facility  for 
recycling  or  disposal.  All  rinsed  containers  may  be  crushed 
and  disposed  of  by  burial  in  a  sanitary  landfill,  in 
conformance  with  State  and  local  standards,  or  buried  in  the 
field  by  the  user  of  the  pesticide.  Unrinsed  containers 
should  be  disposed  of  in  a  specially  designated  landfill,  or 
subjected  to  incineration  in  a  pesticide  incinerator. 

Group  111  containers.  Both  combustible  and 
noncombustible  containers  that  formerly  contained  organic 
mercury,  lead,  cadmium,  or  arsenic  or  inorganic 
pesticides — that  have  been  triple-rinsed  and  punctured  to 
facilitate  drainage — may  be  disposed  of  in  a  sanitary 
landfill.  Such  containers  that  are  not  rinsed  should  be  buried 
in  a  specially  designated  landfill. 

Group  IV — residue  disposal:  Residues  and  rinsed  liquids 
should  be  added  to  spray  mixtures  in  the  field.  If  not,  they 
should  be  disposed  of  in  the  manner  prescribed  for  each 
specific  type  of  pesticide. 

The  general  disposal  precautions  for  extended  shelf-life 
pesticides  and  deteriorated  pesticide  containers  are  as 
follows: 

( 1 )  Dispose  of  pesticides  and  pesticide  containers  in  a 
specially  designated  landfill  and  in  accordance  with  state 
and  local  standards. 

(2)  Provide  a  list  of  the  pesticides  and  quantity  of  each  to 
landfill  personnel. 

(3)  Rinse  all  pesticide  containers,  other  than  paper 
containers,  at  least  three  times  before  disposal. 

(4)  Destroy  all  containers,  other  than  aerosol  cans, 
beyond  reuse  prior  to  disposal. 

(5)  Keep  all  pesticides  and  pesticide  containers  properly 
stored  until  you  can  dispose  of  them. 

Excess  stocks  of  pesticides  will  be  processed  in 
coordination  with  the  local  chief  of  Supply  or  the  defense 
property  disposal  office  in  accordance  with  procedures 
outlined  in  AFRm  67-1,  Volume  6,  Excess  and  Persona'. 
Property. 

Now  that  the  safety  precautions  for  storing,  mixing, 
transporting,  applying,  and  disposing  of  pesticides  have 
been  identified,  you  can  see  that  you  have  a  great 
responsibility.  Not  only  must  you  know  how  to  protect 
yourself  but  also  how  to  protect  the  environment,  property, 
and  others. 

Remember,  these  precautions  are  only  general  guidelines 
and  do  not  cover  all  aspects  of  pesticide  handling; 
therefore,  you  must  follow  all  instructions  provided  on  each 
pesticide  container  label  pertaining  to  special  situations. 


Exercises  (247): 

1.   In    what    n      vm-    must    you    dispose    of  suqilus 
pesticides? 


2.  When  cleaning  pesticide  dispersal  equipment,  why 
should  you  prevent  waste  water  from  going  down  the 
drain? 


3.   How  should  you  get  rid  of  moderate  amounts  of 
contaminated  waste  water?  Why? 


4.   What  actions  must  you  take  with  noncombustible 
pesticide  containers  before  you  dispose  of  them? 


5.   What  disposal  method  can  be  used  for  all  types  of 
pesticide  containers? 


248.  Specify  the  types,  uses,  and  maintenance  of  safety 
.      protective  equipment. 

All  personnel  who  handle  pesticides  are  definitely 
exposed  to  the  hazards  of  contamination  through  inhalation, 
ingestion,  and  absorption  of  pesticide  vapors,  mists,  and 
dusts. 

As  a  pest  management  specialist,  it  is  your  responsibility 
to  make  sure  you  and  your  fellow  workers  wear  all  required 
safety  protective  equipment  during  all  phases  of  pesticide 
handling. 

Safety  Gear  for  Handling  Pesticides  and  it's 
Maintenance.  There  are  many  items  of  various  designs 
which  you  can  use  to  protect  your  body  from  pesticides,  and 
the  more  protection  you  use,  the  less  chance  you  will  have 
of  becoming  a  victim  of  pesticide  poisoning. 

Knowing  what  item  of  equipment  to  wear,  and  wearing 
it,  is  not  the  only  important  aspect  of  personal  protection, 
because  you  may  be  wearing  the  proper  required  equipment 
and  still  be  poisoned  if  the  equipment  has  not  been  fitted 
and  maintained  properly.  Therefore,  it  is  essential  that  you 
know  each  item  of  protective  equipment  you  need  to  wear, 
the  purpose  of  the  equipment,  and  how  to  maintain  it. 

Coveralls.  When  you  mix  and  apply  pesticides,  you 
should  wear  coveralls  that  cover  your  entire  body  to  protect 
your  skin  from  contamination.  Coveralls  are  authorized  for 
pest  management  personnel  to  be  worn  only  while  on  the 
job.  You  cannot  use  them  as  a  replacement  for  the  normal 
military  or  civilian  dress,  which  means  they  are  net  to  be 
worn  to  dining  facilities,  snack  bars,  base  exchange 
facilities,  commissaries,  movies,  or  any  other  base  facility 
except  while  perfo.r.Hng  job  duties.  Worn  coveralls  must 
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be  washed  scparateiy  iTom  other  clothing  in  soap  and  water 
on  a  daily  basis.  To  prevent  contamination  of  other 
clothing,  washing  machines  and  dryers  are  authorized  in 
your  shop  so  you  can  maintain  your  own  coveralls  in  a  clean 
condition  at  all  times. 

Another  aspect  of  maintaining  coveralls  is  frequent 
inspections  to  detect  holes,  tears,  and  thinning  of  the 
material.  If  any  of  these  conditions  are  detected,  you  should 
replace  them  through  the  supply  system. 

Waterproof  rainsuits.  If  you  suspect  that  coveralls  will 
become  wet  while  you're  mixing  or  applying  pesticides, 
you  should  wear  a  waterproof  rainsuit.  You  can  iiormally 
get  rainsuits  within  the  supply  system  and  they  are  called 
foul  weather  gear.  This  type  of  protective  clothing  is  very 
appropriate  when  handling  the  more  dermally  toxic 
pesticides  or  if  you  will  be  applying  liquid  pesticidal 
formulations  for  a  lon^  time. 

Maintenance  of  these  rainsuits  involves  washing  with 
soap  and  water  and  hanging  up  to  dry.  The  rainsuits  should 
be  inspected  frequently  for  holes  and  tears  and  replaced  if 
these  discrepancies  are  noted. 

Aprons.  Wear  a  rubber  apron  v/hen  you're  mixing 
pesticides,  especially  when  large  quantities  of  liquid 
pesticides  are  being  handled.  The  apron  serves  as  an 
additional  precaution  to  prevent  body  contamination  of  the 
pubic  region  with  pesticide.  This  is  very  important  because 
this  region  of  the  body  is  the  most  susceptible  area  for 
pesticide  absorption. 

To  maintain  the  apron,  simply  wash  wivh  soap  and  water 
and  inspect  it  frequently  for  tears  or  holes.  Lubricate  it 
periodically  with  vegetable  oil  to  prevent  cracking. 

Boots,  Rubber  or  neoprene  boots  should  be  worn  when 
mixing  or  applying  liquid  pesticides,  especially  if  you're 
working  on  large-scale  operations;  leather  or  canvas  boots 
will  absorb  liquid  pesticides,  so  don't  use  them  alone. 
Boots  should  be  worn  with  the  tops  beneath  the  legs  of  the 
coveralls  or  rainsuit. 

Boots  can  be  obtained  through  the  supply  system  as  part 
of  the  foul  weather  gear  and  are  maintained  by  washing 
with  soap  and  water  frequently,  inside  and  out,  to  remove 
pesticide  contaminant.  Rubber  boots  should  also  be 
periodically  lubricated  with  vegetable  oil  to  prevent  drying 
and  cracking. 

Gloves,  You  must  wear  gloves  during  all  phases  of 
pesticide  handling  and  when  you  clean  dispersal  and 
protective  equipment  to  prevent  skin  contamination.  There 
are  several  types  of  gloves  that  can  be  worn,  but  leather  or 
cotton  gloves  are  not  among  these  types  to  be  worn  while 
handling  pesticides.  The  gloves  used  must  be  unlined  and 
liquidproof. 

N>o!."5rene  gloves  are  probably  the  most  commonly  used 
i  pest  management  operations,  but  some  fumigants 
aiv.  rc^adily  absorbed  by  neoprene,  so  be  sure  to  read  the 
label  on  the  pesticide  container. 

Another  type  of  glove  that  is  popular  for  use  with 
pesticides  is  the  medical  examination  glove  because  it  is 
extremely  flexible  and  is  disposable.  This  glove  is  not  to  be 
used  when  heavy  ork  is  involved  because  it  is  very  thin 
and  tears  easily. 


Gloves  should  fit  the  hand  snugly  and  should  be  long 
enough  to  extend  well  above  the  wrist  so  ^ou  can  wear  them 
under  the  sleeves  on  coveralls  or  rainsuits. 

Gloves  cf  all  types  can  be  obtained  through  the  normal 
supply  system  and  are  maintained  by  washing  with  soap  and 
water,  inside  and  out,  and  inspecting  for  holes  and  tears. 
To  inspect  for  small  pinholes  and  slits,  simply  fill  each 
glove  with  water  and  gently  squeeze  while  holding  the  top 
of  the  glove  closed  with  one  hand.  If  damage  is  delected, 
shred  the  gloves  so  no  one  else  can  use  them  and  get  rid  of 
them. 

Gloves  must  be  periodically  lubricated  with  vegetable  oil 
to  prevent  drying  and  cracking. 

NOTE:  When  you  use  disposable  gloves,  they  should  be 
shredded  and  disposed  of  also.  Never  dispose  of  gloves 
used  with  pesticides  until  they  have  been  destroyed  beyond 
the  point  of  reuse 

Hats,  A  wide -brimmed  liquidproof  hat  should  be  worn 
when  you  apply  liquid  pesticides  to  protect  your  head  and 
offer  additional  protection  to  the  neck,  eyes,  mouth,  and 
face.  The  hat  should  not  have  a  cloth  or  leather  sweatband 
in  it  because  these  sweatbands  absorb  pesticides  and  are 
very  hard  to  clean. 

The  hat  is  used  to  protect  the  head,  which  is  the  second 
most  susceptible  external  region  of  the  body  for  pesticide 
absorption.  This  is  due  to  the  large  amount  of  natural  body 
oil  that  is  contained  in  the  hair,  and  the  oil  speeds  the 
absorption  rate. 

The  type  of  hat  used  by  construction  workers  (plastic 
hardhat  with  plastic  sweatband)  is  very  good  for  protecting 
the  head  and  is  available  through  the  supply  system.  This 
hat  can  be  maintained  easily  by  frequently  washing  it  with 
soap  and  water,  inside  and  out. 

Goggles  or  face  shields.  Goggles  or  a  faceshield  must  be 
worn  while  mixing  and  applying  pesticides  to  protect  the 
eyes.  There  are  times  when  a  faceshield  will  be  more 
adequate  than  goggles  and  vice  versa.  Just  remember  to 
offer  your  eyes  as  much  protection  as  possible  in  each  and 
every  circumstance. 

Goggles  and  faceshields  are  available  through  the  normal 
supply  system  and  are  authorized  for  pest  managers.  There 
are  many  types  of  goggles  that  are  available,  but  when  you 
order  them,  try  to  get  the  type  that  completely  enclose  the 
eyes  This  type  has  a  tendency  to  fog  over  but  excludes  all 
possibility  of  mists  and  dusts  from  entering. 

To  maintain  goggles  and  faceshields,  wash  them  with 
soap  and  water  after  each  operation.  The  elastic  headbands 
will  absorb  pesticides  and  stretch,  so  they  should  be 
replaced  frequently.  If  goggles  are  rubber,  they  should  be 
periodically  lubricated  with  vegetable  oil  to  prevent  drying 
and  cracking. 

Ear  protectors.  Ear  protective  devices  such  as  earplugs 
or  ear  muffs  must  be  worn  while  operating  noisy  equipment 
and  while  working  in  areas  that  present  noise  hazards. 

Maintenance  of  earplugs  amounts  to  nothing  more  than 
keeping  them  clean  by  washing  with  soap  and  warm  water. 
The  ear  muffs  should  be  inspected  periodically  to  detect 
hardening  of  the  rubber  pads.  These  pads  must  be  replaced 
when  hardening  is  detected. 
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Respirators  and  gas  masks.  There  are  many  types  of 
respirators  and  gas  masks  for  you  to  choose  from,  so  be 
aware  thai  the  only  ones  authorized  for  use  are  those 
approved  by  either  NIOSH  (National  Institute  for 
Occupational  Safety  and  Health)  or  MESA  (Mining 
Enforcement  and  Safety  Administration). 

Always  be  sure  that  the  cartridges  and  canisters  you  use 
are  designed  to  protect  you  against  the  specific  pesticide 
you're  using.  Also  be  sure  they  fit  the  specific  respirators 
ar  I  gas  masks  your  shop  has.  Otherwise,  your  respiratory 
protection  will  be  useless,  and  your  health  may  be  in 
danger. 

You  should  wear  a  chemical  cartridge  respirator  (fig.  3- 
3)  when  you  are  only  intermittently  exposed  to  toxic 
pesticides.  Air  is  inhaled  through  both  a  filter  pad  and  a 
cartridge  designed  to  absorb  pesticide  vapors,  gases,  and 
particles. 

A  chemical  canister  respirator  (gas  mask,  fig.  3-4)  should 
be  worn  when  you  are  exposed  to  a  continuous 
cc.icentration  of  a  toxic  pesticide.  The  canister  has  longer 
lasting  absorbing  material  and  filters  than  the  cartridge  and 
protects  the  face  better.  Neither  the  canisier  nor  cartridge 
type  can  be  used  when  the  oxygen  supply  is  low. 

A  supplied-air  respirator  (gas  mask,  fig.  3-5)  is  used 
when  you're  mixing  or  applying  pesticides: 

•  When  the  oxygen  supply  is  low. 

•  When  you  are  exposed  to  high  concentrations  oi" 
highly  toxic  pesticides  in  enclosed  areas,  as  in 
fumigation. 

•  When  your  work  can  be  done  close  to  a  supply  of 
clean  air.  Clean  air  is  pumped  through  a  hose  to  the 
face  mask. 

A  self-contained  breathing  apparatus  (fig.  3-6)  is  worn 
under  the  same  conditions  as  the  supplied-air  respirator.  It 
does  about  the  same  thing.  The  difference  is  that  you  carry 
cylinders  of  oxygen  with  you,  usually  on  your  back.  This 
lets  you  move  more  freely  and  over  a  wider  area  than  you 
can  with  a  supplied-air  respirator. 


OF- 076 


Figure  3^.  Chemical  canister  respirator. 
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Figure  3-5.  Supplied-air  respirator. 
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Figure  3-3.  Cartridge  respirator. 


Figure  3-6.  Self-contained  breathing  apparatus. 
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The  chemical  cartridge  and  the  chemical  canister 
respirators  are  the  two  most  common  typej;  of  respirators 
used  in  Air  Force  pest  management  operations.  Although 
all  types  are  available  through  normal  Air  Force  supply 
systems,  the  cartridge  and  cai)ister  types  arc  more  easily 
obtained.  The  supplied-air  respirator  and  the  self-contained 
breathing  apparatus  can  be  obtained  with  proper 
justirication,  but  if  they  are  only  needed  once  in  awhile, 
you  can  borrow  them  from  the  fire  department  or 
environmental  support  on  AF  Form  1297,  Temporary  Issue 
Receipt. 

To  maintain  respiialory  proleciion  devices,  wash  all 
rubber  surfaces  and  plastic  faceshields  with  soap  and  water 
after  use.  Lubricate  rubber  surfaces  with  vegetable  oil 
periodically  to  prevent  the  rubber  from  drying  and 
cracking. 

Cartridges  and  canisters  must  be  discarded  when  odors 
are  detected  in  them  or  once  it  becomes  unusually  difficult 
to  breath  throui!.h  them.  Also,  keep  track  of  the  expiration 
date  on  cartridges  and  canisters  to  insure  that  the  expiration 
date  isn't  exceeded. 

Each  person  assigned  to  a  pest  management  section 
should  be  issued  coveralls,  boots,  gloves,  goggles, 
respirator,  and  a  hat  to  be  maintained  scpjurately  from 
uncontamiriated  equipment  and  clothing  in  personal 
lockers.  These  items  of  protective  equipment  are  to  be 
maintained  by  each  individual. 

Rubberized  protective  equipment  should  be  stored  in  a 
cool  dark  area  if  storage  is  to  be  prolonged. 

Items  of  safety  equipment  required  to  be  worn  are 
dependent  upon  the  type  of  pesticide  being  hanoled,  the 
phase  in  which  it  is  being  handled,  and  the  method  in  which 
it  is  being  applied.  There  are  no  safety  recommendations 
that  can  cover  all  situations;  therefore,  it  is  your 
responsibility  to  read  and  follow  the  instructions  provides 
on  each  pesticide  container  label  and  use  common  sense  in 
wearing  more  protection  as  the  hazards  increase  for 
handling  pesticides. 

Exercises  (248): 
1 .   What  restrictions  apply  to  wearing  coveralls? 


5.  When  mixing  large  quantities  of  liquid  pesticides  you 
should  wear  an 


6.  The  most  susceptible  external  region  of  the  body  for 
pesticide  absorption  is  the  region. 


7.  How  should  boots  be  worn? 


8.   When  must  gloves  be  worn? 


9.   A  wide-brimmed  liquidproof  hat  should  be  worn  while 
applying  pesticides. 


10.  What  is  worn  to  protect  the  eyes  when  mixing  or 
applying  pesticidv.^s? 


1 1 .  When  working  in  areas  where  noise  may  be  hazardous 
you  must  wear   . 


12.  The  only  gas  mask  or  respirators  authorized  for  use  are 
approved  by  or   . 


13.  Cartridges  and  canisters  must  be  discarded  when 

  are  detected  or  it  becomes  difficult  to 

 through  them. 


2.  What  pieces  of  equipment  are  authorized  in  pest 
management  sections  to  maintain  your  coveralls  in  a 
clean  condition  at  all  times? 


14.  To  maintain  respiratory  protective  devices,  wash  all 
rubber     surfaces     and     plastic     faceshields  with 

 and 


3.  What  item  of  protective  clothing  would  be  worn  if  it  is 
suspected  that  coveralls  will  become  saturated  with 
pesticide? 


15.  Rubber  surfaces  should  be  lubricated  with 
oil  to  prevent  the  rubber  from   


and 


If  you  are  applying  liquid  pesticidal  formulation  for 
long  periods  at  a  time  you  should  wear  a   


3-3.  Pesticide  Poisoning  Symptoms  and  First  Aid 

From  the  previous  exercise  you  can  readily  see  that 
pesticides  are  toxic  and  present  hazards  to  people  in  many 
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ways,  either  directly  or  indirectly,  through  ignorance  which 
leads  to  negligence. 

Negligence  leads  to  many  problems.  These  problems 
may  le  minor  or  major,  but  in  any  event,  you  must  be 
knowledgerble  enough  to  render  assistance  in  overcoming 
this  problem. 

The  problem  which  we  are  referring  to  is  accidental 
pesticide  poisoning.  As  you  have  already  learned,  a  person 
may  become  poisoned  through  ingestion,  absorption,  and 
inhalation. 

This  section  is  devoted  to  the  recognition  of  signs  and 
symptoms  of  various  types  of  pesticide  poisoning  and  the 
first  aid  procedures  you  must  take  based  upon  the  type  of 
pesticide  and  the  method  of  entry. 

249.  Identify  basic  facts  about  pesticide  modes  of  action. 

Pesticide  Modes  of  Action.  The  methods  in  which 
pesticides  affect  living  organisms  are  called  modes  of 
action.  The  modes  of  action  of  many  pesticides  in  use  today 
are  either  unknown  or,  in  some  instances,  only  partially 
understood.  However,  medical  resejirch  does  give 
sufficient  information  to  permit  certain  generalizations. 

Information  regarding  ways  pesticides  affect  humans  and 
other  mammals  are  given  for  the  following  compounds. 

Organophosphates.  These  pesticides  attach  themselves  ^ 
to  cholinesterase,  an  enzyme  in  the  blood,  which  is 
normally  present  and  required  for  proper  nerve  function. 
Since  the  action  of  organophosphorus  pesticides  restrain  the 
enzyme  choiinesterase,  they  are  referred  to  as 
cholinesterase  inhibitors  or  anticholineasterase  compounds. 

Carbamates.  These  compounds  are  very  similar  to  the 
organophosphorus  compounds  with  regard  to  the  modes  of 
action.  Carbamates  also  inhibit  the  enzyme  cholinesterase; 
however,  they  differ  in  action  in  that  the  effect  on 
cholinesterase  is  very  brief  because  the  carbamates  are 
quickly  broken  down  in  the  body.  Carbamates  are  referred 
to  as  rapidly  reversing  inhibitors  because  the  reversal  is  so 
rapid  that,  unless  special  precautions  are  taken,  samples  of 
blood  cholinesterase  of  mammals  that  have  been  exposed  to 
carbamates  will  commonly  be  inaccurate,  appearing  to  be 
normal. 

Organochlorines  (chlorinated  hydrocarbons).  The  exact 
modes  of  action  of  these  compounds  is  not  known; 
however,  they  do  act  on  the  central  nervous  system,  and 
repeated  doses  can  cause  liver  and  kidney  damage  in 
animals. 

Botanicals.  The  botanical  compounds  must  be  divided 
because  the  modes  of  action  vary  greatly  based  upon 
chemical  structure  and  toxicity  to  humans. 

a.  Pyrethrum.  Pyrethrum  is  one  of  the  least  toxic 
pesticides  available.  The  extent  of  injury  to  humans  usually 
results  in  minor  skin  allergies,  sneezing,  and  runny  or  stuffy 
nose. 

b.  Strychnine.  This  chemical  is  known  to  affect  the 
nervous  system  and  in  some  instances  causes  extreme 
nervousness.  The  exact  'mode  of  action  is  still  not 
completely  understood. 

Petroleums.  Fetvoleums  such  as  kerosene  and  No.  2  fuel 
oil  have  been  used  as  mosquito  larvicides  for  many  years. 
Research  indicates  these  oils  have  a  toxic  fraction  with  a 


low  boiling  point  and  high  volatility,  which  penetrates  the 
tracheae  of  larvae  and  pupae  and  produces  an  anaesthetic 
effect;  and  also  have  a  less  volatile  fraction,  which  acts 
more  slowly  and  generally  does  not  have  any  direct  toxic 
action,  but  suffocates  by  mechani("al  interference  with 
breathing. 

Petroleums  may  be  absorbed  orally  or  through  the 
respiratory  tract  but  are  only  slightly  absorbed  dermally. 
When  sufficient  quantities  are  ingested  or  inhaled  by 
humans  it  can  cause  severe  aspiration  and  occlusion  of  the 
respiratory  system  and  may  cause  pneumonia  or  death. 

FiiTTiigants.  The  modes  of  action  of  fumigcnts  arc  varied; 
therefore,  the  fumigants  that  are  commonly  used  within  the 
Air  Force  will  be  discussed  individually. 

a.  Methyl  bromide.  This  compound  is  among  the  most 
hazardous  of  the  chemical  compounds.  It  affects  the  protein 
molecules  within  certain  cells  of  the  body  and  causes  severe 
kidney  damage. 

b.  Hydrogen  phosphide.  Hydrogen  phosphide  is  highly 
toxic  to  all  forms  of  animal  life,  and  the  mode  of  action  is 
the  result  of  interference  or  inhibition  of  important  cellular 
enzyme  systems  vital  to  the  oxygen  transport  mechanisms 
of  the  body. 

c.  Hydrogen  cyanide  (calcium  cyanide).  Hydrogen 
cyanide  can  be  inhaled  or  ingested  and  can  increase 
excretion  of  thiocyanate  in  the  urine  which  can  result  in  a 
severe  loss  of  oxygen  in  body  cells. 

Anticoagulants.  These  compounds  cause  capillary 
damage  and  inhibit  the  formation  of  prothrombin,  which 
prevents  the  clotting  of  blood.  This  causes  internal  bleeding 
after  repeated  dosages  have  been  consumed. 

Exercises  (249): 

1.  What  compounds  inhibit  the  formation  of 
prothrombin,  which  prevents  the  blood  clotting 
process? 


Name  the  botanical  compound  that  is  considered  to  be 
one  of  the  least  toxic  pesticides. 


3.  Two  compounds  that  inhibit  or  restrain  the  enzyme 
cholinesterase  are  and 


4.  What  compound  affects  the  protein  molecules  within 
certain  cells  of  the  body  and  causes  severe  kidney 
damage? 


250.  Determine  what  types  of  pesticides  are  indicated  in 
various  pesticide  poisoning  incidents. 

Signs  and  Symptoms  of  Pesticide  Poisoning.  You 

should  know  what  kinds  of  sickness  are  caused  by  the 
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pesticides  you  use.  You  also  should  know  the  conditions 
under  which  each  one  may  make  you  sick. 

There  are  two  kinds  of  clues  of  pesticide  poisoning. 
Some  are  feelings  that  only  the  person  who  has  been 
poisoned  can  notice — such  as  nausea  or  headache.  These 
are  symptoms.  Others,  like  vomiting,  also  can  be  noticed 
by  someone  else.  These  are  signs.  So  you  should  know: 

•  What  your  own  feelings  might  mean. 

•  What  signs  of  poisoning  to  look  for  in  your  coworkers 
and  others  who  may  have  been  exposed. 

All  pesticides  in  the  same  chemical  group  cause  the  same 
kind  of  sickness.  This  sickness  may  be  mild  or  severe, 
depending  on  the  pesticide  and  the  amount  absorbed.  But 
the  pattern  of  illness  cau  .ed  by  one  type  of  pesticide  is 
always  the  same.  Having  some  of  the  signs  and  symptoms 
does  not  always  mean  you  have  been  poisoned.  Other  kinds 
of  sickness  may  cause  similar  signs  and  symptoms. 
Headache  and  a  feeling  of  being  unwell,  for  example,  may 
signal  the  start  of  many  kinds  of  illness.  It  is  the  pattern  of 
symptoms  that  makes  it  possible  to  tell  one  kind  of  sickness 
from  another,  which  is  the  subject  of  this  topic  as  we 
discuss  various  chemical  compounds. 

Organophosphates.  lliese  pesticides  injure  the  nervous 
system.  The  signs  and  symptoms  go  through  stages.  They 
normally  occur  in  this  order: 

(1)  Mild  poisoning. 

•  Fatigue. 

•  Headache. 

•  Dizziness. 

•  Blurred  vision. 

•  Too  much  sweating  and  salivation. 

•  Nausea  and  vomiting. 

•  Stomach  cramps  or  diarrhea. 

(2)  Moderate  poisoning. 

•  Unable  to  walk. 

•  Weakness. 

•  Chest  discomfort. 

•  Muscle  twitches. 

•  Constriction  of  pupil  of  the  eye. 

•  Earlier  symptoms  become  more  severe. 

(3)  Severe  poisoning . 

•  Severe  constriction  of  pupil  of  eye. 

•  Muscle  twitches. 

•  Secretions  from  mouth  and  nose. 

•  Breathing  difficulty. 

•  Unconsciousness. 

•  Death  if  not  treated. 

Illness  may  be  delayed  a  few  hours.  But  if  signs  or 
symptoms  start  more  than  12  hours  after  you  were  exposed 
to  the  pesticide,  you  probably  have  some  other  illness. 
Check  with  a  doctor  to  be  sure. 

Carbamates.  The  only  carbamates  likely  to  make  you  ill 
on  the  job  act  almost  like  organophosphates.  They  produce 
the  same  signs  and  symptoms  if  you  are  poisoned  by  them. 
But  the  injury  they  cause  can  be  corrected  more  easily  by  a 
physician.  For  this  reason,  most  carbamates  are  safer  than 
organophosphates.  The  label  will  warn  you  of  the  danger. 

Organochlorines.  Not  many  organochlorines 
(chlorinated  hydrocarbons)  have  poisoned  applicators. 

Early  signs  and  symptoms  of  poisoning  include; 
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•  Headache. 

•  Nausea. 

•  Vomiting. 

•  General  discomfort. 

•  Dizziness. 

The  person  may  also  be  unusually  excited  or  irritable. 
With  more  severe  poisoning,  convulsions  follow.  They  may 
even  appear  without  the  warning .  symptoms.  Coma  may 
follow  the  convulsions. 

Botanicals.  Botanicals  are  pesticides  made  from  plants, 
and  some  are  very  toxic  and  cause  different  reactions 
depending  on  the  type  of  chemical. 

a,  Pyrethrum.  The  signs  and  symptoms  of  this  poison  in 
early  stages  usually  result  in: 

•  Skin  irritation. 

•  Sneezing. 

•  Runny  nose. 

More  severe  poisoning  symptoms  may  include 
headaches,  tremors,  and  convulsions. 

b.  Strychnine.  Signs  and  symptoms  of  this  type 
poisoning  include: 

•  Nervousness. 

•  Stiffness  of  face  and  leg  muscles. 
®  Cold  sweat. 

•  Falling  asleep. 

A  victim  may  undergo  as  many  as  10  of  these  attacks 
before  either  recovering  or  dying.  Usually  a  victim  will 
succumb  if  medical  aid  is  not  obtained  before  five  of  these 
convulsions  occur.  If  a  victim  withstands  the  first  5  to  6 
hours,  chances  of  recovery  are  good. 

Petroleums.  Too  much  exposure  to  these  compounds 
may  make  a  person  seem  drunk.  The  signs  and  symptoms 
are: 

•  Poor  coordination. 

•  Slurring  words. 

•  Confusion, 

•  Sleepiness. 

Repeated  exposure  to  these  compounds  can  cause 
permanent  internal  injury. 

Fumigants.  The  compounds  may  present  the  same  signs 
to  humans  as  the  petroleums.  The  signs  and  symptoms  for 
common  fumigants  are  provided  below, 

a.  Methyl  Bromide,  This  compound  may  make  a  person 
seem  drunk.  The  signs  and  symptoms  are: 

•  Poor  coordination, 

•  Slurring  words. 

•  Confusion. 

•  Sleepiness, 

Repeated  exposure  to  the  fumigant  methyl  bromide  has 
caused  permanent  internal  injury  without  early  signs  or 
symptoms  of  poisoning.  You  can  absorb  a  fatal  dose  of  it 
before  symptoms  appear. 

b.  Hydrogen  Phosphide,  The  early  symptoms  of 
hydrogen  phosphide  poisoning  are  acute,  obvious,  and 
readily  reversible.  Overexposure  of  hydrogen  phosphide 
results  in: 

•  Tightness  in  the  chest  and  diaphragm. 

•  Vomiting. 


212 


•  Diarrhea. 

•  Numbness. 

•  Anxiety. 

•  Dry  coughs. 

In  cases  of  severe  poisoning,  victims  may  experience 
cyanosis,  muscular  rpasms,  and  cardiac  insufficiency. 

c.  Hydrogen  Cyanide.  The  signs  and  symptoms  for  this 
fumigant  are  as  follows: 

•  Headache. 
©  Weakness. 

•  Nausea. 

•  Vomiting. 

•  Increased  rate  of  respiration. 

•  Depression. 

•  Rapid  but  weak  pulse. 

In  cases  of  severe  poisoning,  victims  may  experience 
cyanosis  and  convulsions,  which  may  result  in  death. 

Anticoagulants.  Anticoagulant  poisoning  may  be 
recognized  by  experiencing  pain  to  the  back  and  abdominal 
area.  Vomiting  and  noseblecding  usually  occur  because 
anticoagulants  are  designed  to  induce  vomiting  and  prevent 
the  blood  from  clotting.  Victims  may  have  a  skin  rash 
appear  in  the  form  of  red  patches  along  with  unexplainable 
bruises  around  the  elbows  and  knees. 

Now  that  you  are  aware  of  the  effects  of  some  chemical 
compounds,  keep  in  mind  that  everyone  is  subject  to 
various  diseases  and  sicknesses.  Therefore,  individuals  who 
work  with  pesticides  may  not  actually  be  poisoned  even 
though  they  may  appear  to  have  some  of  the  signs  and 
symptoms.  However,  we  must  be  alert. 

Get  medical  advice  quickly  if  you  or  any  of  your  fellow 
workers  have  unusual  or  unexplained  symptoms  starting  at 
work  or  later  the  same  day.  If  you  suspect  a  person  has  been 
poisoned,  do  not  leave  him  alone.  Do  not  let  yourself  or 
anyone  else  get  dangerously  sick  before  calling  your 
physician  or  going  to  a  hospital.  It  is  better  to  be  cautious 
than  too  late.  Take  the  container  (or  the  label)  of  the 
pesticide  to  the  physician.  Do  not  carry  the  pesticide 
container  in  the  passenger  space  of  a  car  or  truck. 

Exercises  (250): 

For  each  of  the  following  situations,  determine  what  type(s) 
of  pesticide  is  indicated  as  being  the  poisoning  source. 

1.  After  treating  a  small  attic  for  wasps.  Staff  Sergeant 
Lee  complains  of  a  runny  nose,  sneezing,  and  irritated 
skin. 


2.  Airman  Pyle  returns  from  a  herbiciding  job  acting 
mildly  confused,  sleepy,  and  acts  as  if  she  has  been 
drinking  on  the  job. 


5. 


Sergeant  Russ  has  been  experiencing  frequent 
nosebleeds  and  has  difficulty  working  because  of 
stomach  cramps. 


A  headache,  weakness,  and  a  weak,  rapid  pulse 
characterize  Senior  Airman  Lowry's  condition  after 
treating  feral  rodent  burrows. 


After  spending  several  hours  treating  for  flying 
insects.  Sergeant  Major  is  experiencing  a  headache, 
blurred  vision,  and  his  eye  pupils  arc  constricted. 


251,  Identify  various  types  of  accidental  poisoning  by 
matching  the  type  with  preventive  measures  that  would 
help  reduce  poisoning  dangers. 

How  People  are  Accidently  Poisoned  and  How  to 
Prevent  It.  As  humans  we  are  considered  to  be  the  most 
intelligent  of  all  animal  forms,  so  it  seems  that  no  one 
should  be  dumb  enough  to  become  poisoned  by  pesticides. 
However,  there  are  many  cases  of  human  pesticide 
poisonings  reported  each  year,  and  there  are  many  more 
that  are  not  reported  because  they  have  not  been  severe 
enough  to  cause  recognition  by  individuals. 

Most  all  pesticide  poisonings  occur  accidentally  through 
actions  on  the  part  of  supposedly  intelligent  human  beings. 
If  we  are  so  intelligent  why  and  how  do  pesticide  poisoning 
accidents  occur?  This  question  can  be  answered  by  two 
words,  ignorance  and  negligence. 

It  has  already  been  pointed  out  that  pesticides  can  poison 
people  through  ingestion,  absorption,  and  inhalation,  but 
the  methods  by  which  these  pesticides  are  accidentally 
ingested,  absorbed,  and  inhaled  have  not  been  pointed  out. 
The  purpose  of  this  lesson,  therefore,  is  to  identify  the 
methods  by  which  these  poisons  are  accidentally  taken  into 
the  body  and  to  identify  measures  that  can  be  taken  to 
prevent  these  accidents. 

Poisoning  by  ingestion.  Accidental  ingestion  of 
pesticides  occurs  through  the  following  ways: 

(1)  Sprays  and  dusts  enter  the  mouth  during  application. 

(2)  Pesticides  are  consumed  from  unlabeled  or 
contaminated  containers,  such  as  beverage  and  milk 
containers. 

(3)  Siphoning  pesticides  by  the  mouth  in  transferring 
from  one  container  to  another. 

(4)  Eating  or  drinking  items  that  have  been  contaminated 
with  pesticides. 

Preventing  accidental  ingestion.  You  can  take  the 
following  measures  to  prevent  accidental  ingestion  of 
pesticides: 

(5)  Be  certain  the  area  being  treated  is  vacated  by  other 
personnel  during  application, 

(6)  Make  sure  respirators  or  masks  are  worn  by  operators. 

(7)  Insure  that  all  containers  used  for  storing  pesticides 
are  clearly  and  properly  labeled  at  all  times. 
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(8)  Store  all  pesticides  in  a  secure  area  and  out  of  reach  of 
children. 

(9)  Make  sure  all  consumable  products  and  wares  are 
removed  or  properly  covered  when  you're  applying 
pesticides  in  the  area. 

(10)  Make  certain  that  the  no-smoking,  eating,  or 
drinking  rule  is  followed  during  all  phases  of  pesticide 
handling. 

(11)  Never  use  your  nouth  to  siphon  pesticides. 
Poisoning     by     absorption.     Accidental  pesticides 

absorption  occurs  through  these  ways: 

(12)  Pr  icides  settle  on  the  skin  during  application  and 
are  absorbed. 

(13)  Workers  spill  or  splash  pesticides  on  clothing  and 
sk;n  during  mixing,  transporting,  and/or  application. 

(14)  People  enter  treated  areas  too  soon  after  application 
and  come  in  contact  with  recently  applied  pesticides. 

( 14)  Pesticide  containers  (empty  or  with  contents)  are  left 
unsecured  or  aren't  disposed  of  properly,  permitting  reuse 
or  use  as  play  objects  for  children. 

(16)  Contaminated  pesticide  equipment  isn't  cleaned 
properly. 

Preventing  accidental  absorption.  These  measures  can 
be  taken  to  prevent  accidental  absorption  of  pesticides: 

(1)  Make  sure  the  area  being  treated  is  vacated  by  other 
personnel  during  application. 

(2)  Store  all  pesticides  in  a  secure  area. 

(3)  Insure  that  coveralls,  gloves,  boots,  goggles,  and  hats 
are  worn  during  application  and  aprons  are  worn  in  addition 
while  mixing. 

(4)  Mix,  transport,  and  apply  pesticides  carefully  to 
avoid  spills  and  drips. 

(5)  Clean  up  pesticide  spills  immediately. 

(6)  Observe  the  no-smoking,  eating,  or  drinking  rule 
while  handling  pesticides. 

(7)  Allow  enough  time  for  pesticide  residuals  to  dry 
before  reentry  is  allowed. 

(8)  Properly  discard  or  secure  empty  pesticide  containers. 

(9)  Secure  partial  or  full  pesticide  containers  so 
unauthorized  personnel  can't  get  to  them. 

Poisoning  through  inhalation.  Accidental  inhalation  of 
pesticidal  vapors  occurs  through  the  following  methods: 

(1)  During  storage,  mixing,  and  application. 

(2)  Unsecured  or  occupied  areas  being  treated. 

(3)  Smoking. 

Preventing  accidental  inhalation.  The  following 
measures  can  be  taken  to  prevent  inhalation  of  pesticides: 

(1)  Store  pesticides  in  a  well-ventilated  area. 

(2)  Store  all  pesticides  in  a  secure  area. 

(3)  Inspect  containers  for  deterioration. 

(4)  Mix  pesticides  in  a  well-ventilated  area. 

(5)  Observe  the  no-smoking,  eating,  or  drinking  rule 
while  handling  and  applying  pesticides. 

(6)  Wear  approved  gas  masks  or  respirators  while  mixing 
or  applying  pesticides. 

(7)  Temporarily  vacate  and  secure  areas  that  are  being 
treated. 

(8)  Properly  identify  areas  being  fumigated. 

(9)  Discard  or  secure  pesticide  containers. 


Exercises  (251): 

1 .   Match  the  appropriate  preventive  measures  in  column 
B  with  the  method  of  poisoning  in  column  A. 


Column  B 

n  Prevent'  reentry  inlo  treated 
areas  until  residuals  are  dry. 

b.  Insure  that  areas  where  pesti- 
cides are  kept  are  properly 
ventilated. 

c .  Always  wear  appropriate 
respirators  for  jobs  being 
acfomplished. 

d.  Adhere  to  the  no-smoking, 
drinking,  or  eating  rule. 

e.  insure  that  pesticides  are 
stored  only  in  their  proper 
container  at  all  times. 


C  ilumn  A 

(1)  Pesticides  arc  drunk 
from  beverage  con- 
tainers. 

(2)  Pesticides  are  ingested 
while  applying  sprays 
and  dusts. 

(3)  Pesticides  are  absorbed 
by  children  through 
contact  with  uneva- 
ported  residuals. 

(4)  Pesticides  are  inhaled 
within  the  stoi^ge  area. 

(5)  Pesticides  are  ingested 
by  the  operator  during 
application  even  though 
ail  required  proter'.we 
equipment  waj>  being 
worn  at  the  time. 


2.   What  are  the  two  basic  causes  of  all  accidental 
pesticide  poisonings? 


3.   List  the  two  preventive  measures  that  appear  in  each  of 
the  three  groups  of  preventive  measures. 


252.  List  the  steps  to  follow  in  giving  first  aid  to 
poisoning  victims  and  specify  responsibilities  and  basic 
guidelines  for  giving  first  afd. 

First  Aid  for  Poisoning  Victims.  As  a  pest  management 
specialist,  you  must  anticipate  possibilities  of  accidental 
pesticide  poisoning  and  establish  actions  to  be  taken  in  the 
event  poisoning  does  occur. 

If  you  are  alone  in  the  field  with  an  individual  who 
becomes  sick,  or  if  you  become  sick  while  applying 
pesticides,  cease  operations  immediately  and  proceed  to 
obtain  the  nearest  professional  medical  assistance. 

In  the  event  you  are  alone  with  an  individual  who  has 
become  acutely  poisoned  with  pesticides  in  the  field  and  a 
vehicle  is  available,  transport  the  victim  immediately  to  a 
facility  that  has  a  telephone  or  professional  medical 
assistance,  depending  upon  the  condition  of  the  victim  and 
proximity  of  the  facilities. 

Each  and  every  individual  is  obligated  to  do  whatever 
can  be  done  to  save  a  human  life  when  called  upon  to  render 
first  aid.  Your  first  responsibility  in  rendering  first  aid  is  to 
keep  the  victim  alive;  and  the  second  is  to  seek  professional 
medical  assistance  as  soon  as  possible. 

Being  a  pest  manager,  you  must  know  the  first  aid 
procedures  for  pesticide  poisoning,  because  it's  possible 
that  you  may  arrive  at  a  scene  of  pesticide  poisoning  and 
will  need  to  give  first  aid  to  the  victim.  Or  you  could  even 
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be  the  victim  of  accidental  pesticide  poisoning  yourself.  In 
either  case,  you  must  know  what  to  do  and  how  to  respond 
to  the  situation.  Remember  that  first  aid  is  only  a  measure 
to  save  a  victim  until  professional  medical  assistance  can  be 
obtained  and  is  not  to  be  substituted  for  professional 
medical  assistance. 

The  primary  purpose  of  first  aid  is  to  prevent  further 
absorption  of  a  poison,  which  means  that  aid  must  be  given 
immediately.  The  intent  of  this  lesson  is  to  describe  steps 
you  can  take  in  circumstances  involving  pesticide 
fK>isonings  thai  occur  through  absoiption,  inhalation,  and 
ingestion,  if  you  happen  to  be  the  victim  or  alone  with  a 
victim. 

First  aid  procedures  if  you  are  the  victim.  Prior  to  using 
any  pesticide,  it  is  important  to  read  the  directions  in  the 
**Statement  of  Practical  Treatment"  on  each  pesticide 
container  label.  These  instructions  can  save  your  life  and 
the  lives  of  your  fellow  workers. 

Self  first  aid  for  ab sot  bed  pesticides.  If  you  get  a 
pesticide  on  your  skin: 

( 1 )  Remove  the  pesticide  as  quickly  as  possible.  (NOTE: 
This  may  require  you  to  jump  immediately  into  a  shower  or 
waterhole,  clothes  and  all.) 

(2)  Remove  all  contaminated  clothing  and  wash  your 
entire  body  thoroughly  to  include  the  hair,  eyes,  ears,  and 
under  the  fingernails. 

(3)  Obtain  medical  attention  for  examination  and  to  alert 
the  staff  for  possible  side  effects. 

Self  first  aid  for  inhaled  pesticides.  If  you  accidentally 
inhale  pesticides: 

( 1 )  Vacate  the  area  and  get  lo  fresh  air  immediately. 

(2)  Obtain  medical  attention  for  examination  and  to  alert 
the  staff  for  possible  side  effects. 

Self  first  aid  for  ingested  pesticides.  If  you  accidentally 
ingest  pesticides: 

( 1 )  Rinse  your  mouth  with  plenty  of  water. 

(2)  If  the  ''statement  of  practical  treatment"  on  the 
pesticide  label  recommends  a  general  antidote,  administer 
at  once. 

(3)  Obtain  medical  attention  immediately. 

First  aid  procedures  if  you  are  alone  with  a  victim,  Asa 
general  rule,  from  the  safety  standpoint,  you  should  never 
apply  the  more  toxic  pesticides  alone.  You  should  always 
operate  under  the  ''buddy  system"  just  as  it  is  suggested 
when  hiking  or  swimming,  because  you  never  know  when 
an  accident  may  occur.  If  an  accidental  pesticide  poisoning 
does  occur  to  a  fellow  worker,  you  should  know  the  first  aid 
procedures  and  follow  them  step  by  step.  There  are  many 
circumstances  that  may  be  involved  in  accidental 
poisonings,  such  as  the  victim  being  poisoned  through 
absorption,  inhalation,  and/or  ingestion  and  being 
conscious  or  unconscious  with  or  without  readily  available 
medical  assistance.  Therefore,  recognition  of  these 
circumstances  and  your  speed  and  accuracy  in  reaction  to 
them  is  your  responsibility  and  could  mean  the  difference  in 
life  or  death  to  your  fellow  worker  and  a  clean  conscience 
for  yourself. 

When  pesticide  poi.soning  by  skin  absorption  is 
suspectc^d.  If  the  victim  is  unconscious  and  medical 
assistance  is  not  readily  available  by  telephone,  follow 
these  steps: 


(1)  Don  gloves  and  remove  the  victim  from  the 
contaminated  area  by  carrying,  using  extreme  caution  to 
avoid  self-contamination. 

(2)  Determine  if  the  victim  is  breathing;  if  not, 
administered  back  pressure-armlift  artificial  respiration 
immediately;  and  if  breathing  (or  once  the  victim's 
breathing  has  been  restored),  decontaminate  the  victim  by 
drenching  the  entire  body,  clothes  and  all,  with  a  shower, 
hose,  or  waterhole. 

(3)  Treat  the  victim  for  shock. 

(4)  Determine  the  type  of  pesticide  absorbed  if  possible. 

(5)  Obtain  medical  assistance  as  rapidly  as  possible 
pertaining  to  the  victim's  condition,  the  first  aid  measures 
rendered,  and  the  type  of  pesticide  absorbed  or  suspected  to 
have  been  absorbed. 

NOTE:  If  the  victim  is  unconscious  and  medical 
assistance  is  readily  available  by  telephone,  follow  these 
procedures: 

( 1 )  Don  gloves  and  remove  the  victim  from  the 
contaminated  area  by  carrying,  using  extreme  caution  to 
avoid  self-contamination. 

(2)  Determine  if  the  victim  is  breathing;  if  not, 
administer  back  pressure-armlift  artificial  respiration 
immediately;  and  if  the  victim  is  breathing  (or  once 
breathing  has  been  restored),  decontaminate  the  entire  body 
in  the  same  manner  as  previously  described. 

(3)  Treat  the  victim  for  shock. 

(4)  Call  for  medical  assistance  and  provide  all  details 
possible  at  this  time  concerning  the  incident. 

(5)  Determine  the  type  of  pesticide  responsible  for  the 
poisoning  and  remain  by  the  victim  to  monitor  conditions 
and  to  provide  information  to  the  medic. 

NOTE:  If  the  victim  is  conscious  and  medical  assistance 
is  not  readily  available  by  telephone,  follow  these  steps: 

( 1 )  Don  gloves  and  remove  the  victim  from  the 
contaminated  area  by  carrying,  using  extreme  caution  to 
avoid  self-contamination. 

(2)  Decontaminate  the  victim  by  drenching  the  entire 
body. 

(3)  Treat  the  victim  for  shock. 

(4)  Determine  the  type  of  pesticide  absorbed  if  possible. 

(5)  Obtain  medical  assistance  as  rapidly  as  possible  and 
provide  the  medic  with  all  information  possible  pertaining 
to  the  victim's  condition,  the  first  aid  measures  rendered, 
and  the  type  of  pesticide  absorbed  or  suspected  to  have  been 
absorbed. 

NOTE:  If  the  victim  is  conscious  and  medical  assistance 
is  readily  available  by  telephone,  follow  these  steps: 

(1)  Don  gloves  and  remove  the  victim  from  contaminated 
area  by  carrying,  using  extreme  caution  to  avoid  self- 
contamination. 

(2)  Decontaminate  the  victim  by  drenching  the  entire 
body. 

(3)  Treat  the  victim  for  shock. 

(4)  Call  for  r  aical  assistance  and  provide  all 
information  possible  at  this  time  pertaining  to  the  incident. 

(5)  Determine  the  type  of  pesticide  responsible  for  the 
poisoning,  if  not  already  known,  and  remain  by  the  victim 
to  monitor  conditions  and  to  provide  additional  information 
to  the  medic. 
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When  pesticide  poisoning  by  inhalation  is  suspected.  If 
the  victim  is  unconscious  and  medical  assistance  is  not 
readily  available  by  telephone  follow  these  steps: 

(!)  Don  air-supplied  respirator  and  remove  victim  to 
fresh  air,  if  in  an  enclosed  area. 

(2)  Loosen  all  tight  clothing. 

(3)  Determine  if  victim  is  breathing;  if  not,  administer 
back  pressure-armlift  artificial  respiration  immediately. 

^^4)  If  victim  is  breathing,  or  once  breathing  has  been 
restored,  treat  for  shock. 

(5)  Determine  the  type  of  pesticide  involved  in  the 
incident  if  possible. 

(6)  Obtain  medical  assistance  as  rapidly  as  possible, 
keeping  the  victim  quiet  and  warm  and  monitoring  the 
victim's  condition. 

NOTE:  If  the  victim  is  unconscious  and  medical 
assistance  is  readily  available  by  telephone,  follow  these 
steps: 

(1)  Don  air-supplied  respirator  and  remove  victim  to 
fresh  air,  if  in  an  enclosed  area. 

(2)  Loosen  all  tight  clothing. 

(3)  Determine  if  victim  is  breathing;  if  not,  administer 
back  pressure-armlift  artificial  respiration  immediately. 

(4)  If  victim  is  breathing,  or  once  breathing  has  been 
restored,  call  for  medical  assistance. 

(5)  Treat  the  victim  for  shock. 

(6)  Determine  the  type  of  pesticide  involved  in  the 
incident  if  possible, 

(7)  Remain  with  victim  to  monitor  the  victim's  condition 
and  to  provide  information  to  the  medics  pertaining  to  the 
incident. 

NOTE:  If  the  victim  is  conscious  and  medical  assistance 
is  not  readily  available  by  telephone,  follow  these  steps: 

(1)  Don  air-supplied  respirator  and  remove  victim  to 
fresh  air,  if  in  an  enclosed  area. 

(2)  Loosen  all  tight  clothing, 

(3)  Treat  the  victim  for  shock. 

(4)  Determine  the  type  of  pesticide  involved  in  the 
incident  if  possible. 

(5)  Obtain  medical  assistance  as  rapidly  as  possible  while 
monitoring  the  victim's  condition. 

NOTE:  If  the  victim  is  conscious  and  medical  assistance 
is  readily  available  by  telephone,  follow  these  steps: 

(1)  Don  air-supplied  respirator  and  remove  victim  to 
fresh  air,  if  in  an  enclosed  area. 

(2)  Loosen  all  tight  clothing. 

(3)  Call  for  medical  assistance. 

(4)  Treat  the  victim  for  shock. 

(5)  Remain  with  victim  to  monitor  the  victim's  condition 
and  to  provide  information  to  the  medics  pertaining  to  the 
incident. 

c.  When  pesticide  poisoning  by  ingestion  is  suspected. 
If  the  victim  is  unconscious  and  medical  assistance  is  not 
readily  available  by  telephone,  follow  these  steps: 

(1)  Determine  if  the  victim  is  breathing;  if  not, 
administer  back  pressure-armlift  artificial  respiration. 

(2)  Obtain  medical  assistance  as  rapidly  as  possible  if 
victim  is  breathing  or  once  breathing  has  been  restored. 

(3)  During  transport  to,  or  while  waiting  for  medical 
assistance,  treat  the  victim  for  shock  and  monitor  the 
victim's  condition  at  all  times. 


If  the  victim  is  unconscious  and  medical  assistance  is 
readily  available  by  telephone,  follow  these  steps: 

(1)  Call  for  medical  assistance. 

(2)  Determine  if  victim  is  breathing;  if  not,  administer 
back  pressure-armlift  artificial  respiration. 

(3)  Treat  the  victim  for  shock. 

(4)  Determine  the  type  of  poison  ingested  if  possible  and 
remain  vith  Che  victim  until  medical  assistance  arrives. 

(5)  Once  medical  assistance  has  arrived,  provide  all  the 
information  possible  pertaining  to  the  tyi>e  of  poison 
ingested  and  first  aid  measures  that  have  been  administered. 

NOTE:  If  the  victim  is  conscious  and  medical  assistance 
is  wor  readily  available  by  telephone,  follow  these  steps: 

(1)  Obtain  medical  assistance  as  rapidly  as  possible  by 
transporting  to  a  hospital  or  physician. 

(2)  During  the  process  of  obtaining  medical  assistance, 
monitor  the  victim  closely . 

(3)  If  victim  loses  consciousness,  check  breathing;  and  if 
not,  administer  back  pressure-aimlift  artificial  respiration. 

(4)  Once  victim's  breathing  has  been  restored,  proceed 
for  medical  assistance  and  provide  the  medics  with  all 
information  possible  f)ertaining  to  the  incident. 

NOTE:  If  victim  is  conscious  and  medical  assistance  is 
readily  available  by  telephone,  follow  these  steps: 

(1)  Call  for  medical  assistance. 

(2)  Determine  the  type  of  pesticide  ingested  if  possible. 

(3)  Administer  the  recommended  antidote  if  there  is  one 
and  if  it  is  available. 

It  is  recognized  that  the  first  aid  procedures  outlined  in 
this  objective  do  not  cover  all  pesticide  poisoning  situations 
and  that  they  are  not  absolute.  However,  they  do  provide 
you  with  a  basis  for  rendering  first  aid  to  a  poisoned  victim. 
There  are  many  circumstances  in  which  you  may  be 
required  to  react  on  your  own  common  knowledge  of  first 
aid  and  the  circumstances  involved  at  that  time. 

Exercises  (252): 

1.  A  victim  suspected  of  being  poisoned  with  a  fumigant 
is  unconscious  and  breathing,  and  medical  assistance 
is  not  readily  available.  The  first  aid  procedures  to  be 
taken  are  the  following. 

(1) 

(2) 
(3) 
(4) 
(5) 

2.  A  victim  suspected  of  being  poisoned  by  absorbing 
pesticides  is  conscious,  and  medical  assistance  is 
readily  available."  The  first  aid  procedures  to  be  taken 
are  as  follows: 

(1) 
(2) 
(3) 
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(4) 
(5) 


1 1 ,  The  first  aid  procedures  to  be  taken  for  accidental 

pesticide  f)oisoning  depend  uf>on  the  

involved  at  the  time. 


A  victim  suspected  r^f  being  poisoned  by  the  ingestion 
of  a  pesticide  is  unconscious  and  not  breathing; 
medical  assistance  is  not  readily  available  by 
telephone.  The  first  aid  procedures  to  be  taken  are  as 
follows: 

(1) 
(2) 
(3) 

If  you  happen  to  spill  pesticides  on  your  body,  what  is 
the  first  step  that  you  should  take  in  rendering  first  aid 
to  yourself? 


Why  should  medical  attention  be  obtained  even  though 
poisoning  is  not  expected  to  be  severe? 


What  is  the  most  important  source  for  obtaining  first 
aid  instructions  for  each  pesticide? 


What  responsibility  rests  upon  you  as  a  pest 
management  specialist  prior  to  applying  any  pesticide? 


(a)         What  is  your  first  responsibility  in  rendering 
first  aid? 


(b)         What  is  your  second  responsibility? 


First     aid     is     not     to     be     substituted  for 


Recognizing  the  fact  that  all  pesticide  poisoning 
situations  cannot  be  predicted  and  the  first  aid 
procedures  to  be  applied  in  any  given  situation  are  not 
absolute,  how  may  you  be  required  to  react? 


12.  The  type  of  artificial  respiration  to  be  administered  to  a 

victim   of   pesticide   poisoning   is  the   

 type. 


253.  Identify  the  types  of  antidotes  to  be  administered 
for  specific  pesticides  and  the  precautions  to  be  taken  for 
pesticide  poisuning  situations. 

Antidotes  for  Poisoning  Victims.  Many  antidotes  have 
already  been  discussed  in  previous  objectives  because  an 
antidote  is  defined  as  a  remedy  used  to  counteract  effects  of 
a  poison  or  to  prevent  or  relieve  poisoning.  Therefore,  the 
safety  precautions  for  storing,  mixing,  transporting,  and 
applying  pesticides  and  a  knowledge  of  first  aid  may  be 
considered  antidotes  because  they  can  prevent  or  elieve 
poisoning. 

This  objective  provides  special  warnings  m  the  use  of 
antidotes  for  certain  types  of  poisons  and  in  certain 
situations;  it  also  identifies  antidotes  that  are  given  orally  or 
intravenously  for  common  pesticides. 

Special  warnings  for  oral  antidotes.  In  situations 
involving  certain  types  of  poisons,  oral  antidotes  must  not 
be  given  to  a  victim  of  accidental  poisoning  because  they 
piobably  would  cause  more  damage  to  the  victim.  You 
must  know  when  and  when  not  to  administer  an  antidote  for 
specific  types  of  poisoning.  Special  warnings  for 
administering  antidotes  are  as  follows: 

a.  Most  toxic  chemical  labels  provide  first  aid 
instructions  (''Statement  of  Practical  Treatment"  on 
pesticide  labels)  for  that  particular  chemical.  Therefore,  if 
the  container  for  the  poison  known  to  be  responsible  for  the 
accidental  poisoning  is  readily  available,  it  is  imperative 
that  you  read  these  instructions  prior  to  administering 
anything  orally. 

b.  Never  give  anything  orally  to  an  unconscious  victim. 

c.  Never  induce  vomiting  if  the  victim  is  unconscious  or 
is  in  convulsions. 

d.  Never  induce  vomiting  if  the  victim  has  swallowed 
petroleum  products  such  as  kerosene,  gasoline,  and  diesel 
fuel,  or  has  swallowed  corrosive  poisons  such  as  lye,  acids, 
and  lysol. 

e.  Do  induce  vomiting  when  noncorrosive  substances 
have  been  swallowed,  if  the  victim  is  conscious  and  not 
convulsive. 

Antidotes  for  common  pesticide  compounds.  There  are 
several  household  items  normally  found  within  the  home 
that  can  be  used  as  antidotes  for  poisons,  and  the  item  that 
should  be  used  depends  upon  whether  or  not  vomiting  is  to 
be  induced.  The  antidotes  given  at  home  or  on  the  Job  are 
only  temporary  measures,  and  their  effects  on  the  victim  of 
accidental  pesticide  poisoning  is  dependent  upon  the  speed 
in  which  they  are  given.  Antidotes  that  have  been  given  at 
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home  or  on  the  job  are  not  to  be  substituted  for  professional 
medical  treatments. 

Some  household  items  and  their  uses  as  antidotes  for 
poisons  are  as  follows: 

•  Clean  water  can  be  used  as  a  diluent. 

•  Salt  water  can  be  used  as  a  diluent  and  emetic. 

•  Milk  can  bo  used  as  a  diluent  or  neutralizer  of  acid  or 
alkali  poisons. 

•  Milk  of  magnesia  can  be  used  as  a  neutralizer  of  acid 
poisons. 

NOTE:  Before  any  of  these  items  are  used  as  antidotes 
remember  the  ''special  warnings"  that  were  given  at  the 
beginning  of  this  objective. 

The  universal  antidote  is  used  for  a  wider  variety  of 
commonly  used  pesticides  than  any  other  antidote.  This 
antidote  is  given  orally  in  cases  of  poisoning  by  the 
following  pesticide  compounds: 

•  Organochlorines  (chlordane,  Dieldrin,  lindane,  etc.). 

•  Phenoxy  herbicide. 

•  Hydrogen  cyanide  (calcium  cyanide). 

•  Pentachlorophenol- 

The  universal  antidote  can  be  prepared  by  a  pharmacist 
by  mixing  2  parts  activated  charcoal,  1  part  magnesium,  1 
part  oxide,  and  1  part  tannic  acid.  This  mixture  is  then 
administered  as  1/2  ounce  per  1/2  glass  of  wann  water. 

NOTE:  A  homemade  universal  antidote  can  be  prepared 
by  using  4  tablespoons  of  crumbled,  burned  black  toast;  2 
tablespoons  of  strong  tea,  and  2  tablespoons  of  milk  of 
magnesia. 

Atropine  is  the  specific  antidote  for  organophosphate 
pesticides  such  as  diazinon  and  malathion,  and  the 
carbamate  pesticides  such  as  carbaryl  and  propoxur. 
Atropine  can  be  administered  intravenously  or  orally. 

An  antidote  that  is  frequently  used  in  conjunction  with 
atropine  to  counteract  organophate  poisoning  is  2-PAM. 
However,  it  must  not  be  used  for  carbamate  poisoning. 

Vitamin  K  is  the  antidote  to  be  used  in  counteracting 
anticoagulant  poisons  such  as  warfarin,  Diaphacin  and 
Pival.  This  antidote  must  be  administered  by  a  physician. 

BAL  is  a  specific  antidote  to  be  used  for  arsenical 
poisons.  This  antidote  can  be  obtained  from  a  pharmacist 
but  must  be  injected  by  a  physicia! 

Now  that  you  are  aware  of  the  requirements  for  handling 
pesticides  safely  at  all  times  and  guidelines  have  been 
furnished  in  the  prevention  of  pesticidal  accidents,  you 
should  be  capable  of  avoiding  the  unwarranted  destruction 
of  property,  contamination  of  the  environment,  and  human 
poisoning. 

In  the  event  that  poisoning  does  occur  to  humans  by 
pesticides,  you  now  have  the  basic  knowledge  for  keeping 
victims  alive  until  professional  medical  assistance  is 
obtained. 

Exercises  (253): 

1.  An  antidote  for  pesticide  poisoning  should  never  be 

administered  until  the  type  of  responsible 

for  the  poisoning  is  known. 


2.   You  must  never  administer  anything  orally  to  an 
victim. 


3 .  For  what  two  circumstances  can  vomiting  be  induced? 
(1) 


(2) 


4.   In  what  two  circumstances  should  vomiting  not  be 
induced? 

(1) 
(2) 


5.   Antidotes  that  are  given  in  the  home  or  on  the  job  are 
only  measures  and  should  never  be 


6. 


8. 


substituted 
treatment. 


for 


The  degree  of  results  in  administering  proper  antidotes 

is  dependent  upon  the  in  which  they  are 

given. 


List  two  common  household  items  that  are  identified 
in  the  text  that  can  be  used  as  neutralizers  for  some 
pesticide  poisonings. 


The  specific  antidote  for  organophosphate  poisoning  is 

 ,  and  this  antidote  can  be  used  as  an 

antidote  for  carbamate  poisoning. 


List  the  ingredients  and  the  amount  of  each  required  in 
preparing  the  homemade  universal  antidote. 


10.  The  pharmaceutical  universal  antidote  is  given  orally 
to  counteract  what  pesticidal  compounds? 
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1 1 .  What  antidote  can  be  used  for  organophosphates  but      13.  Vitamin  K  is  the  antidote  that  must  be  administered  by 
not  for  carbamates?  a  physician  to  counteract   poisoning. 


12.  Name  the  antidote  that  can  be  obtained  from  a      14.  Based    upon   what   you    have    read    in  previous 
pharmacist  but  must  be  administered  by  a  physician  for  discussions  of  pesticide  characteri.stics,  what  is  the 

arsenical  poisoning.  function  of  Vitamin  K? 
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ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


Wini^s  present,  ucl  I   developed   (Fig.    3  A) 


Wings  abstnt  or  rudimentary   (Fig,    3  B  &  C) 


5 


li/ith  two  pairs  of  wings   (Fig.        B  &  C) 


APPENDIX 

ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON  CLASSF^S  AND  ORDERS  (Cont'd) 


5.     Winns  with  scales   (Fig.    5  A).      FAMILY  CULICIDAE  MOSQUITO 

Wiin;s  uith.nil   scales    (Fig.    5  P;.     UIPTERA  OTHER  THAN  MOSQUITOES    FLV 

\ 


Fig.    5  B 


6.     MiHiL  hp.Mt     ai]j|»l..  a    lor   siuIviMK.    with  olon^^tc  proboscis    (Fig.    6  A)  .  .  . 
Noulhparts  adai'Lid   tv>r  clu  wiiw;,   without  elongate  proboscis    (Fi^.    6  li)  ■ 


\  - 


Fig.    6  A 

7.     Wings  densely  covered  with  scales;   proboscis  coiled   (Pis.    /   A).     ORDER  LEPIDOPTERA  

^  '   MOTH  OR  BUTTERFLY 

Wings  not  covered  with  scales;  proboscis  not  coiled   (Fig.    7  B) 


Fig.    7  A 


8.     Wing  with  fringe  of  long  hair   (Fig.   8  A).     ORDER  THYSANOPTERA  THRIPS 

Wing  wjthout  long  hair   (Fig.   8  B).     ORDER  HEMIPTERA  KISSING  BUG 


Fig.   8  A 


Fig.   8  r  CFA-081 
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ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE;  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


9.     Both  pair  of  wings  membranous  and  similar   in  structure   (Fig.   9  A)  10 

Front  pair  of  wings  shell -like  or   icather>     serving  as  covers   for   the  second  pnir   (Fi^*   II 


10. 


9  A 


Fig.   9  B 


iuUh  p.urs  ot   winv;s   ^ir-.il.ii    in  si<:o    (Fig.    10  A).     ORDKR  ISOPTERA  

Hind  wmfe  Tuich  siv.illrr   thnn   front  wing   (Fig.    10  B).     ORDER  HYMENOPTERA. 


, TEKMITK 


.BEE,    HORNtT,    WASP,    YELLOW  JACfvET.    OR  ANT 


I  I  . 


Fig.    10  B 


Front  wings   horny  or  leathery,   without  distinct  veins    (Fig.    11   A)  12 

Front  wings   leathery  or  paper-like,   with  distinct  veins    (Fig.    11    R) .     ORDER  DICTYOPTERA  ..COCKROACH 


Fig.    U  A 


I'  ;    .  11 


12. 


\ 

Abdomen  with  promiiu  nt  ct-rci;  wings  shorter  than  abdomen  (Fig.  12  A).  ORDER  ULKMAPlKKA.  .  .  , 
Abdomin  without  proMintnt   Cfici;   wings  covering  abdomen   (Fig.    12   B).     ORDER  COLKOlTi RA.  . .  .  , 


. EARWIG 
,  .  HKK  n.L 
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ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


13.     Mouthparts  with  jaws   for  chewinj^  (Fig,    13  A)  Im 

Mouthpaits  with  a  long  beak  or  stylets   for  sucking  up   food   (Fig.    13  R)  21 


14.     With  thi-v-    «wn^   it-minal    tails    (Fig.    lA  A).     ORDF.K  THYSA^NURA  irvi.HKlSM  AND  FIREBRA.T 

Without   thrt'f   iony.  icrminal    tails   (Fig,    14   B)  1^ 


Fig.    14  A 

15.     Abdomen  with  prominent  pa*r  of  ctrci    (Fig.    15  A).     ORDER  DERMAJ'TF.PA 
Abd'jnien  without  prominent  pair  of  cvrci    (Fij\.    It  IJ)  


APPENDIX 

ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


19.     Tarsus  with  4-5  segments   (Fig.    19  A)  20 

Tarsus  with  1-3  segments   (fig.    19  B)  .     ORDER  PSOCOPTKRA  BOOK  LOUSE  OR  HSOC.D 


APPENDIX 

ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


Foot  not   terminating  in  protvusible  bladder  (Fig.   22  B) 


APPENDIX 

ARTHROPOM  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


25.     Abdomen  wel 1 -developed   (Fig.  25  A).     CLASS  ARACKNIDA. 
Abdomen  peg-like  (Fig.   25  B) .     CLASS  PYCNOGONIDA  


 26 

.SEA  SPIDER 


Fig.  25  A 

26.     Abdomen  distinctly  segmented  (Fig.  26  A). 


.27 


Abdomen  not  distinctly  segmen 


^6  fl)  31 


Fig.   26  A 


27.     Abdomen  lengthened  to  form  a  long  tail    (Fijj.    27  A)  

Abdomen  not  lengthened  to  form  a  long  tail    (Fig.   27  B) , 


Fig.   26  B 


28.     Tail  with  stinger  (Fig.   28  A).     ORDER  SCORPIONIDA  


Fig.   27  B 


Tail  without  stinger  (Fig.  28  B) .     ORDER  PEDIPALPIDA. 


 SCORPION 

.WHIP  SCORPION 


CFA-086 
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ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE:  KEY  TO  COM>iON  CLASSES  AND  ORDERS  (Cont'd) 


29,     With  large  piuccr-like  claws   (Fig.  29  A).     ORDER  PSEUDOSCORPIONIDA  PSEUDOSCORP  ION 

Without  large  pincer-like  claws  (Fig.  29  B)  30 


32.     Body  with  long  hair;  Mailer's  organ  absent   (Fig.   32  A).     ORDER  ACARINA  

Body  without  hair  or  short  hair;  Mailer's  organ  present   (Fig.   32  B).     ORDER  ACARINA 


APPENDIX 

ARTHROPODS  OF  PUBLIC  HEALTH  IMPORTANCE;  KEY  TO  COMMON  CLASSES  AND  ORDERS  (Cont'd) 


3 J.     rive  to  7  pairs  of  walking  legs   (Fig.   33  A).     CLASS  CRUSTACEA. 
More  than  14  pairs  of  walking  legs   (Fig.   33  B)  


.34 

.36 


34.     Abdomen  without  appendages   (Fig.   34  A).     ORDER  COPEPODA  COPEPOD 

Abdomen  with  appendages  (Fig.   34  B)  ^   35 


Fig.   34  B 


3S,     Thorax  covered  with  a  fused  plate;  eyes,  when  present,  on  movabl*  stalks  (Fig.  35  A  &  B>  

ORDER  DECAPODA  LOBSTER,   CRAB,   CRAYFISH,   SHRIMP,  ETc! 

Thorax  not  covered  with  a  fused  plate;  eyes,  when  present,  not  on  movable  vtalks  (Fig.  35  C  &  D) . . . 


ORDER  ISOPODA 


.SOWBUG,  PILLBUG 


EKLC 


230 


Answers  for  Exercises 


CHAPTER  I 


Reference: 


200-  1. 


200- 
200 

201 
201 
201 
201 

202 
202 
202 
202 
202 


205 
205 
205 


203  ~  1. 
203  -  2. 


203  -  3. 


Systematic  biology  is  the  arrangement  of  living  things  into 

groups  having  similar  characteristics. 

Systematic  biology. 

The  binomial  system  of  noitiencialun;. 

Applying  two  names  to  an  organism. 

Cuiex. 

Domestica. 

Scientific  name. 

Structure. 

Kingdom. 

Class. 

Genus. 

Phylum. 

It  must  be  capable  of  motion  and  have  no  chlorophyll. 

The  primary  difference  is  the  type  of  skeleton  each  phylum  has. 

The  phylum  Chordata  has  an  internal  skeleton  (endoskeleton), 

and    the    phylum    Arthropoda   has   an   external  skeleton 

(exoskeleton). 

Two  wings  with  a  second  pair  modified  into  halteres  or 
balances,  sucking  mouthparts,  and  complete  metamorphosis. 


204-1.  False. 

204  -  2.  Arthropoda. 

204  -  3.    Hexapoda  and  Arachnida. 

204  -  4.  Crustacea. 

204  -  5.  (l)d. 

(2)  a. 

(3)  b. 

(4)  e. 

(5)  c. 

205  -  1 .    Head,  thorax,  and  abdomen. 
205  -  2.    a.  Abdomen. 

b.  Thorax. 

c.  Head. 

d.  Abdomen. 

e.  Thorax. 
205  -  3.  Sclerites. 

205  -  4.    Membraneous  sutures. 

205  -  5.   They  are  as  organs  of  touch,  smell,  and 

205  -  6.  Mouthparts 

(1)  Chewing. 


(2)  Rasping-  Trips, 
sucking. 

(3)  Piercing- 
sucking. 

(4)  Sponging. 

(5)  Siphoning. 

(6)  Chewing- 
lapping. 

7.  Two  pairs. 

8.  Metamorphosis. 

9.  Gradual  or  incomplete  metamorphosis. 


sometimes,  hebring. 
Insect  (any  one  of 
the  following) 
Cockroaches,  ter- 
mites, chewing 
lice. 


Biting 
mosquitoes. 
Houseflies,  blow 
flies,  fruit  flies. 
Moths  and 
Butterflies. 
Bees  and  wasps. 


2(>6  -  I.  (I)b. 

(2)c. 

(4)d. 
(.S)i. 

(6)  a. 

(7)  h. 
(K)t. 

Multophugu;  ^'hewing  lice. 
PstKoptcra;  ps(K'ids. 

Dictyoptcra;  ctK-kniachcs,  praying  mantids.  walking  sticks. 
Thysanoptcra;  thrips. 
Thysanura;  llrcbrats  and  silvcrllsh. 
Mallophaga;  chewing  lice. 
Lcpidoptcra;  buttcrtlics  and  moths. 

(1)  c. 

(2)  a. 
(.^)b. 

(1)  c. 

(2)  c. 
(.^)b. 
(4)  a. 
(.S)d. 

They  have  an  open  circulatory  system.  The  blood  isn't  enclosed 
in  vessels  but  i.s  circulated  freely  through  the  Kxly. 
The  skeletal  system. 
Oviparous. 
Parthenogenesis. 

Smell. 

Touch;  hearing. 
False. 
False. 
Smell. 

Depositing  the  eggs. 
Compound  eyes. 
Simple  stimuli. 


207  -  I 
207  -  2 
207  -  y 
207  -  4 
207  -  ,S 
207  -  6 

207  -  7 

208  -  I 


209  -  I . 


209  -  2. 

209  -  3. 
209  -  4. 

209  -  5. 

210  -  I. 
210  -  2. 
210  -  3. 
210  -  4. 
210  -  5. 
210  -  6. 
210  -  7. 
210  -  8. 


205  -  10.  Complete  metamorphosis. 


CHAPTER  2 

211  -  1.  Population  shifts  can  be  detected;  you  can  concentrate  control 
efforts  in  areas  where  they're  most  needed;  and  select  control 
methods  more  effectively.  Problem  awareness  by  others  is 
increased,  as  needed;  consultations  are  made  easier;  and  you 
can  plan  ahead  logistically. 

211  -  2.    Basic  and  operational. 

211  -  3.    Your  reasons  may  include: 

( 1 )  To  determine  the  prevalence  of  beneficial  or  detrimental 
plants  or  animals. 

(2)  To  identify  berieficial  or  detrimental  features. 

(3)  To  determine  why  pests  are  established  in  the  area. 

(4)  To  see  what  conditions  could  result  in  future  infestations. 
211  -  4.    Your  reasons  may  include: 

( 1 )  To  get  new  information  for  basic  survey  questions. 

(2)  To  identify  conditions  that  could  prevent  your  taking  control 
measures. 

(3)  To  ensure  adequate  treatment. 

(4)  To  identify  undesirable  side  effects. 

(5)  To  determine  if  the  program  met  its  objectives. 
211  -  5.  Probing. 

211  -  6.  Skimming. 
211  -  7.  Trapping. 


119 

231 
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212 
212 


212  -  3. 


213 
213 
213 
213 


214 

1 

2. 

214 

- 

3. 

214 

4. 

214 

5. 

214 

6. 

215 

I  ^ 

215 

2, 

2 15 

3 

215 

4^ 

215 

5. 

215 

6. 

215 

7. 

215 

8. 

215 

9. 

216 

216 

216 

3. 

216 

4. 

217 

I. 

217 

2. 

217 

3. 

217 

4. 

218 

1. 

218 

2. 

218 

3. 

218 

4. 

218 

5. 

218 

6. 

218 

7. 

219 

1. 

22C 


Surveillance  and  identification. 

Live  collections  must  be  conducted  when  specimens  are  to  be 
used  for  research. 

a.  ( 1 )  Trapping:  (a)  light  traps,  (b)  cage  traps. 
(2)  Biting  and  resting:  (a)  aspiraton». 

b.  (I)  Cloth  drags:  (a)  flannel  cloth  drag.  219-2. 
(2)  Picking:  (a)  tweezers. 

c.  (I)  Trapping:  (a)  cage  traps. 

d .  ( I )  Dipping:  (a)  dipper. 
(2)  Skimming:  (a)  dipper. 

e.  (1)  Combing:  (a)  comb. 

(2)  Brushing:  (a)  brush. 

(3)  Swirling:  (a)  swirling  jar. 

(4)  Picking:  (a)  tweezers. 

Pictorial;  dichotomous. 

Dichotomous.  220  -  I 

Pictorial. 

a.  (1)  Dictyoptera. 

(2)  Cockrpach, 

(3)  i.2.3.4.6.9(and)  H. 

b.  (I)  Acarina. 

(2)  Tick. 

(3)  1.2.  25.  26.  31  (and)  32. 

Adjust  the  width  of  the  eyepiece  adapter. 
To  adjust  the  magnification. 
Properly  illuminate  the  specimen. 
Right  eye. 

Clean  with  a  cotton  swab  that  has  been  moistened  with  a  soap  or 
detergent  solution  and  dry  with  a  cotton  swab. 
False. 

To  allow  interested  persons  to  become  familiar  with  pests 
common  to  the  area. 
Dry  preservation. 

2  percent  caustic  potash;  synthetic  detergent. 
Cut  off  the  abdomen  at  the  base,  lay  it  on  a  flat  surface,  and 
squeeze  the  fluid  out  by  rolling  a  small  round  object  from 
abdomen  tip  toward  the  cutoff  portion. 
Camel's-hair  brush. 
Ethyl  acetate,  benzene,  and  ether. 
Direct,  staging,  carding,  and  pointing. 

Scientific  name  of  specimen <  the  scientist  who  described  the 

specimen,  and  the  date  originally  described.  222  -  1 . 

Paradichlorobenzene;  naphthalene. 

Soft-bodied. 

Ethyl  alcohol.  Pampel's  fluid,  and  chloral  hydrate. 
Spirit-preserved  specimens  should  be  stored  in  a  cool,  dark  area 
ar.d  away  from  all  sources  of  heat. 
Smearing. 

Remove  air  bubbles . 
4:5. 

Back  and  forth  motion. 

a.  Determine  the  number  of  liquid  ounces  required  to  fill  the 
container. 

b.  Convert  the  ounces  into  cubic  centimeters. 

c.  Divide  the  total  cubic  centimeters  by  3. 

10  percent  caustic  potr.sh;  1 2  hours. 
Lighten. 
Acetic  acid. 

Acid  fuchsin.  ~ 

Water. 

Dehydrate. 

Caustic  potash. 

a.  Involves  reducing  a  pest's  access  to  food,  shelter,  and 
water;  or  making  the  environment  more  favorable  to  natural 
enemies. 

b.  Using  direct  or  indirect  nonchemical  methods  to  destroy 
pests,  or  making  the  environment  unsuitable  for  their  entry, 
dispersal,  survival,  or  reproduction. 

c.  The  regulation  of  pest  organisms  by  their  natural  enemies, 
such  as  pathogens,  predators,  and  parasites. 


223 
223 
223 
223 
223 


Controls  that  involve  icaiing  and  releasing  insects  which 
arc  sterile  or  altered  genetically  in  order  to  suppress 
members  of  their  own  species. 

The  use  of  materials  which  kill,  repel,  trap,  confuse,  or 

regulate  the  growth  of  pests. 

Mechanical. 

Chemical. 

Cultural. 

Cultural. 

Biological. 

Chemical. 

Mechanical. 

Autocidal. 

Biological. 

Mechanical. 


wind  speed,  and 


221  -  I. 


Your  sources  may  include: 

(1)  USAF  meteorological  office, 

(2)  National  Weather  Service. 

(3)  County  extention  office. 

(4)  County  health  office. 

(5)  Past  pest  management  program  reviews. 

(6)  Pest  summary  reports. 

(7)  Pest  management  maintenance  records, 

(8)  Basic  survey. 

a.  Information  on  rainfall,  temperatures, 
wind  directions. 

b.  Pest  population  trends  and  movement  pattems. 

c.  Information  on  managing  health-related  pests,  local  pests 
of  medical  importance,  areas  near  your  base  where  pests 
may  be  breeding. 

d.  Why  pest  management  programs  are  needed;  when,  where, 
and  how  the  work  could  be  done. 

e.  What  conditions  are  allowing  the  pests  to  become 
established  in  an  area,  beneficial  or  detrimental  features  of 
the  area. 

(1)  a.g. 

(2)  e,h. 

(3)  c,f,  i. 

(4)  b,j. 

(5)  b,e,  h. 

(6)  d. 

(1)  c. 

(2)  e. 

(3)  h. 

(4)  f. 

(5)  i. 

(6)  g. 

(7)  b. 

(8)  d. 

(9)  a. 

(10)  j. 

(11)  k. 

Misting. 

Dusting. 

Fumigation. 

Aerosoling. 

Fumigation. 

Granulating. 

(1)  b. 

(2)  a. 

(3)  a. 

(4)  b. 

(5)  b, 

(6)  a. 

(7)  b. 

(8)  a. 

(9)  a. 

(10)  a. 

(11)  a. 

(12)  a. 

(13)  a. 


120 
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232 


(M)a. 
(I5)b. 

225  -1.  (l)c. 

(2)  c. 

(3)  f. 

(4)  d. 

(5)  b. 

(6)  g 

(7)  a. 

?26  -  I.  All  personnel  engaged  in  direct  field  supervision  of  pest 
tnaiiagetnent  o[>erutions.  or  those  who  operate  inJependendy  of 
direct  supervision. 

226  -  2.    Every  3  years. 

226  ~  3.  To  identify  individuals  who  have  proved  they  arc  competent  in 
handling  pesticides  and  to  insure  they  are  aware  and 
knowledgeable  of  current  policies  related  to  all  piiascs  of  pest 
management. 

226  -  4.  A  letter  requesting  ccrtirication  or  rcccrtification  is  forwarded 
through  proper  channels  to  the  designated  certifying  official. 

226  ~  5.    a.    Category  of  certification  requested. 

b.  Individual's  name,  rank,  and  social  security  number. 

c.  Training  accomplishments  within  the  career  field. 

227  -  1.    To  maintain  a  complete  record  of  all  pest  problems  and  the 

procedures  used  to  deal  with  those  problems. 
227  -  2.    Each  time  control  measures  are  taken. 
227  -  3.    Two  years  after  a  treated  building  is  destroyed. 

227  -  4.    Date:  23  March  1984. 

Units  Serviced:  Bottom  floor,  admin,  section. 

Work  Origin:  WR. 

Unit  of  Measure:  2  MSF. 

Pest:  cockroaches. 

Operation:  Residual  Spray. 

Name:  Diazinon  EC. 

Percent  Concentrate:  .5  percent. 

Amount:  3  oz. 

Labor  Time:  1  hr. 

(Your  initials.) 

228  -  1 .    Facilities  that  are  constructed  comp!e;«!ly  or  partially  of  wood. 
228  -  2.    They  must  be  inspected  annually,  but  should  be  inspected 

semiannually. 

228  -  3.    To  record  inspection,  provide  information  pertaining  to  building 

condition,  and  to  record  action  taken. 
228  -  4.    After  building  has  been  disposed  of  or  if  (he  installation  is 

inactivated  or  dropped  from  real  property  accounts. 

228  -  5.    Date  Inspected  -  17  January  1984". 

Building  Number  -  302. 
Installation  -  Bryan  AFB. 

Type  Building  -  "Permanent"  block  should  show  an  "X." 
Inspector:  SSgt  Thomas  Tony. 

Block  I:  Other  (Specify)  - '  'Deteriorated  attic  vent  screens. ' ' 

Block  II:  Other  (Specify)  -  "Termites  in  rafters." 

Block    III:    An    X    should    appear    in    block  beside 

' '  Nonsubteiranean . " ' 

Block  IV:  No  entry  made. 

Block  V:  An  X  should  appear  in  block  beside  "Superficial." 
Block  VI:  Other  (Specify)  -  '^Replace  screens  over  attic  vent-;; 
inject  rafter  with  pentachlorophenol. 

Block  VII:  The  Yes  block  should  have  a  X  in  the  Wood 
Injection  for  Dry- wood  Termite  space.  To  the  right  of  that  in 
Chemical  Used  space  the  word  "pentachlorophenol"  should 
appe>;r. 

BlocK  VIII:  Ubor  -  $227.00 
Material  -  $73.00 
Other  -  $30.00 
Total  -  $330,00 

Block  IX:  Date  -  20  Janaury  1984. 
Title  of  individual  -  Section  Supervisor. 
Signature  -  Name  of  SSgt  Thomas  T.  Tony. 

229  -1.    Daily;  AFR  91-21. 

229  -  2.  It's  used  to  record  daily  pest  management  activities  and  is  the 
source  document  for  creating  a  pest  file. 


229  -  3. 
2.9  4. 
229  -  5. 


230  -  1. 


230  -  2. 


231-1. 


231 


231 


232 

232  ■ 

233  • 
233 
233 

234 
234 


APR  91-21.  AI-M  .MKV-4(anJ)  Al'M  I7l-2(M). 
AFM  3CK)  -4. 

Data  element  cixlc  AVDJO  should  be  entered  in  columas  1 
through  5  on  lines  1  and  7. 

Data  elenwnt  code  AVAT  slunild  be  entered  in  columns  6 
through  9  on  line  1  only. 

A  "1"  should  be  entered  in  column  17  on  li.ic  1  for  Area 
Treated. 

An  "A"  and  a  "C"  should  be  entered  in  columns  18  and  19. 
respectively,  on  line  I  for  Unit  of  Measures. 
A  "2"  should  be  entered  in  column  20  on  lines  I  and  7  for 
Building  Tcirain. 

Data  element  code  SNOP20  should  be  cnt:;red  in  columns  21 
through  26  on  line  1  only. 

The  abbreviation  on  EMUL  should  be  entered  in  columns  27 
through  30  on  line  1  for  Pesticide  Form. 

An  "8"  should  be  entered  in  column  36  on  line  1  for  Pesticide 

Quantity  (2  gallons  of  concentrate  x  4  pounds  per  gallon.) 

An  "L"  and  a  "B"  .should  be  entered  in  columns  37  and  38, 

respectively,  on  .ine  1  for  U  iit  of  Measure. 

An  "S"  should  be  entered  in  colunm  39  on  line  1  for  Supply 

Source. 

A  "1"  and  a  "2"  should  be  entered  in  columns  44  and  45. 

respectively,  on  line  1  for  Man-Hours  Labor  (8  hours  mixing 

and  applying  the  pesticide  and  4  hours  supervision). 

A  "1"  should  be  entered  in  column  5 1  on  line  7  for  Man-Hours 

Survey. 

A  "i"  and  a  "0"  should  be  entered  in  column^  vS  and  79. 
respectively,  on  lines  1  and  7  for  Month. 

A  "1"  should  be  entered  in  column  80  on  line  I.  a  "2"  should 
be  entered  in  column  80  on  line  7  for  Card  Ctxlo. 

Unlike  AF  Form  290.  you  can  use  DD  Form  1532  to  report  both 
chemical  and  nonchemical  controls, 
a.  Ad.  Mosquitoes.  h.  6. 


b.  ULV  Spraying. 

c.  125. 

d.  AC. 

e.  OUT. 

f.  Malathion. 

g.  Solu. 


i.  lbs. 

j.  (leave  blunk), 

k.0.5. 

I.  95.0. 

m.  N. 

n.  16. 


To  set  pest  management  goals  and  identify  methods  and 
resources  you'll  use  in  the  coming  year  to  meet  those  goals. 
A  single  chemical  control  measure  taken  to  control  a  single 
pest. 

(1)  c.f. 

(2)  a.c. 

(3)  a. 

(4)  g. 

(5)  g. 

(6)  b.g. 

(7)  e. 

(8)  a.d. 

(9)  g. 


CHAPTER  3 


232  -1.  (I) 


(2) 


(3) 


-  2. 


To  provide  laws  pertaining  to  the  certification  of  the 
usefulness  of  chemicals  used  in  agricuinjre. 
To  provide  specified  requirements  for  safety  precautions  in 
handling  and  applying  agricultural  chemicals. 
To    provide    specified    requirements    for  registering 
agricultural  chemical*;  every  5  years. 
Keep  out  of  Reach  of  Children. 

Nemoticides.  plant  growth  regulators,  desiccants  and 
defoliant.s. 

Amendment;  FIFRA. 

To  ex(end  Federal  registration  and  regulation  to  all  pesticides. 
You  should  have  placed  ?n  X  beside  c.  d.  and  f. 

It  was  designed  to  help  prevent  endangering  human  health  and 
the  environment. 

Treatment,  storage,  tran.sportalion.  and  disposal. 


ERIC 


235  -  !.  It  was  created  because  of  continuing  pressure  to  limit  the  use  of 
pesticides.  It  combines  ail  activities  of  the  Federal  Government 
concerned  with  pesticides  and  their  •  C(*ts  on  the  en\  ironment 
into  a  single  agency. 

235  -  2.    You  should  have  placed  an  X  beside  a.  c.  and  d. 

236  -  1 .    U.S.  Department  of  Labor. 

236  -  2.  To  insure  that  all  employees  have  safe  and  healthy  working 
conditions. 

236  -  3.    a.    Develop  and  publish  occupational  safety  standards. 

b.  Inspect  work  areas  to  insure  that  standards  are  met. 

c.  Issue  citatii>n->  for  noncompliance  with  its  regulations. 

d.  Maintain  education,  training,  and  information  programs  to 
promote  safe  practices. 

1 .  U.S.  Department  of  Health  and  Human  Services. 

2.  Formulate  improved  occupational  and  health  standards. 

3.  Testing  and  approving  many  items  of  personal  safety  protective 
equipment. 


237 
237 
237 

J38 
238 

239 
239 


-  I .    When  the  State  and  local  requirements  are  more  s  jingent. 

-  2.    The  more  stringent  requirements,  whether  they  be  Federal, 
State,  or  local  requirements. 

1 .  Facility  location,  its  layout,  and  general  requirements. 

2.  Shops  should  always  be  isolated  from  congested  base  areas. 
This  reduces  environmental  hazards  ia  the  event  of  a  fire  or 
pesticide  spill. 

3.  Clean  areas  and  chemical-handling  areas. 

4.  Office  space,  personnel  break  rooms,  and  utilities. 

5.  Pesticide  storage  and  mixing  rooms. 

6.  The  dressing  room,  which  includes  lockers  and  storage  for 
personal  safety  equipment. 

239  -  7.  There  must  be  a  sink  area  ventilation  system  which  pulls  air 
away  from  the  worker's  position  at  the  rate  of  cx  least  six  air 
changes  per  hour. 

-  8.    They  must  be  readily  accessible  to  workers  mixing  pesticides 
indoors  or  outdoors. 

-  9.    They  must  be  stored  inside  and  off  the  floor  so  labels  are  clearly 
visible  and  access  by  workers  is  convenient. 

-  10.  Any  three  of  these  should  be  on  your  list: 
(1) 


239 
239 
239 
239 


239 
239 
239 


Must  be  constructed  of  concrete  or  another  impervious 
material. 

(2)  Must  have  a  nonskid  surface. 

(3)  Should  be  covered  with  an  epoxy  sealer. 

(4)  Should  have  a  continuous  curb  at  least  five  inches  high. 

(5)  Should  have  no  floor  drains. 
239  -  11.(1)   Indoor  area  for  small  equipment. 

(2)  Covered  or  enclosed  area  for  large  equipment. 

(3)  Paved,  curbed  area  for  washing  equipmen:. 

239  -    ..  By  using  only  pesticides  that  have  flash  points  of  100**  F  or 


241  -6.    Appropriate  fire  extinguishers. 

242  ~  1.    Ventilated;  lighted. 
242  -  2.    First  aid. 

242  -  3.  Amount. 
242  -  4.    Eye;  face. 

242  -  5.    Contaminated;  toxic. 

243  -  1. 
243  -  2. 
243  -  3. 
243  4. 
243  -  5. 
243  -  6. 


more. 

240 

The  pesticide  label  serves  the  same  purpose  as  an  Air  Force 

regulation. 

247 

1. 

240 

—  2. 

The  safe  storage,  mixing,  uses,  and  application  of  that  specific 
pesticide. 

240 

-  3. 

Highly  toxic  pesticides. 

240 

-  4. 

1.  f. 

247 

2. 

2.  C 

3.  k. 

247 

3. 

4.  h. 

5.  a. 

6.  1. 

247 

4. 

7.  e. 

247 

5. 

8.  i. 

9.  b. 

248 

1. 

10.  j. 

11. d. 

12.  g. 

248 

2. 

248 

3. 

241 

-  1. 

On  the  outer  surface  of  each  door. 

248 

4. 

241 

-  2. 

They  must  be  segregated  and  stored  separately  according  to  the 

248 

5. 

method  of  disposal. 

248 

6. 

241 

-  3. 

Prior  to  entering  the  room. 

248 

7. 

241 

-4. 

Sound. 

248 

8. 

241 

-  .S. 

Clear;  easy. 

248 

9. 

Spills. 
Calibrated. 
Vehicular;  pedestrian. 
Plan  ahead;  action. 

No  smoking,  eating,  or  drinking  while  handling  pesticides. 
Official  bulletin  and^or  base  newspaper. 

244  -  1.  Locked. 

244  -  2.  Children;  people. 

244  -  3.  Repair. 

244  -  4.  Pest  Management. 

244  -  5.  Label. 

244  -  6.  Storage;  locked. 

245  -  1.  (1)  As  an  additional  security  measure. 

(2)  To  help  detect  early  signs  of  container  deterioration. 

(3)  To  help  insure  proper  pesticide  storage. 

245  -  2.    When  the  pesticide  is  very  toxic  or  when  the  quantity  is 
significant. 

245  -  3.    No.  They  do  not  know  how  to  apply  pesticides  or  the  proper 

way  to  store  them. 
245  -  4.    At  least  once  a  month,  but  inore  often  if  desired. 

245  -  5.    You  must  record  all  pesticides  that  hrve  been  received  and 

withdrawn  from  the  time  of  the  last  inventory  until  the  present 
inventory. 

246  -  1.    Minimize  contamination  of  personnel. 

246  -  2.    Rope  off  the  area  and  post  warning  signs.  If  necessary,  post 
guards. 

246  -  3.  (I)  Don  appropriate  protective  equipment. 

(2)  Prevent  further  pesticide  leakage. 

(3)  Prevent  the  spill  from  spreading. 

(4)  Cover  the  spill. 

246  -  4.    Cover  it  with  a  tarpulin,  or  if  appropriate,  sprinkle  the  area 
lightly  with  water. 

246  -  5.    Remove  a  layer  of  soil  at  least  3  inches  below  the  wet  surface 
line. 

246  -  6.    After  most  of  the  pesticide  has  been  cleaned  up  or  removed. 
246  -  7.    Chlorine  bleach,  caustic  soda,  or  lime. 
246  -  8.    Caustic  soda  or  lime. 
246  -  9.    Chlorinated  hydrocarbons. 

246  -  10.(1)  Remove  the  materials  and  place  in  a  sealed  leakproof  drum. 

(2)  Properly  label  the  drum  as  to  the  types  of  chemicals  and 
materials  in  it. 

(3)  Dispose  of  the  drum  in  a  hazardous  waste  disposal  facility 
under  current  EPA  or  State  permit. 

Dispose  of  surplus  pesticides  in  a  manner  that  will  not  permit 
harm  to  people  or  animals,  will  not  contaminate  the  air  cr  water, 
and  will  not  harm  the  environment. 

Because  this  will  cause  direct  contamination  of  the  sewage 
water. 

By  spreading  it  over  a  suitable  land  area  such  as  a  gravel 
driveway  or  a  field.  Sunlight  and  air  will  help  break  down  the 
pesticide  as  a  result. 

They  must  be  triple-rinsed  and  rendered  unusable. 
They  can  be  buried  in  an  approved  sanitary  landfill. 

They  are  not  to  be  worn  to  dining  facilities,  snack  bars,  and 
base  exchange  facilities  except  while  performing  actual  pest 
management  duties. 
A  washing  machine  and  dryer. 
A  rainsuit. 
Waterproof  rainsuit. 
Apron. 
Pubic. 

With  the  tops  beneath  the  legs  of  the  coveralls  or  rainsuit. 
During  all  phases  of  pesticide  handling. 
Liquid. 
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2^4 


24K 

- 

10.  Goggles  or  a  faccshield. 

248 

Barplugs. 

24  o 

12. 

INlObH;  MESA. 

24  o 

13. 

Odors;  breathe. 

24  o 

14. 

SoQp;  wQter. 

248 

15. 

Vegetable;  drying;  cracking. 

Anticoagulants. 

249 

2. 

Pyrethnim. 

24v 

1 

o . 

Organophosphates;  carb'Muates. 

249 

4. 

Methyl  bromide. 

250 

- 

1. 

Pyrethnim. 

250 

2. 

Methyl  bromide  or  petroleums. 

250 

- 

3. 

Anticoagulants. 

250 

- 

4. 

Hydrogen  cyanide. 

250 

- 

5. 

Organophosphates  or  carbamates. 

251 

- 

1. 

(I)c. 

(2)c. 

(3)  a. 

(4)  b. 

: 

251 

2. 

Ignoi>4.  ~c  and  negligence. 

251 

3. 

Store  all  pesticides  in  a  secure  area;  ( 

252 


252 


eating,  or  drinking  rule. 


(I) 
(2) 
(3) 
(4) 
(5) 
(1) 
(2) 
(3) 
(4) 

(5) 


252  -  3.  (1) 


Don  air-supplied  respirator  and  move  victim  to  fresh  air. 

Loosen  tight  clothing. 

Treat  the  victim  for  shock. 

Determine  type  of  pesticide  involved,  if  possible. 

Obtain  medical  assistance  as  rapidly  as  possible. 

Don  gloves  and  remove  the  victim  from  contaminated  area. 

Decontaminate  the  victim  by  drenching  the  entire  body. 

Treat  the  victim  for  shock. 

Call  for  medical  assistance  and  provide  all  information 
possible  at  the  time. 

Try  to  determine  the  type  of  pesticide  responsible  for  the 

poisoning  and  remain  by  the  victim. 

Administer  back  pressure-armlift  artificial  respiration. 


252  - 
252 

252 

252 

252 

252 
252 

252 
252 

253 
253 
253 


-  7 


-  8 


-  9. 


(2)  Obtain  medical  assistance  as  rapidly  as  possible. 

(3)  Treat  the  viciim  lor  «;lKK;k  and  fnoniior  (lie  victim  s 
condition  at  all  times. 

Remove  the  pesticide  as  quickly  as  possible. 
Because  the  severity  is  not  actually  known  and  to  alert  medical 
staff  for  possible  side  effects. 

The  statement  of  practical  treatment  found  on  the  pesticide 
label. 

To  anticipate  possibilities  of  pesticide  poisoning  and  to  establish 
actions  to  be  taken  in  the  event  of  pesticide  poisoning. 

(a)  To  keep  the  victim  alive. 

(b)  To  obtain  medical  assistance. 
Professional  medical  assistance. 

!0.  On  your  own  common  knowledge  of  first  aid  and  the 
circumstances  involved  at  the  time. 

1 1.  Circumstances. 

12.  Back  pressure-unmlift. 


1 .  Pesticide. 

2.  Unconscious. 

3.  If  it  has  been  determined  that  the  victim  has  swallowed  a 
noncorrossive  substance  and  if  the  victim  is  conscious  and  not 
convulsive. 

253  -  4.    a.    If  the  victim  has  swallowed  petroleum  products, 
b.    If  the  victim  is  unconscious  or  convulsive. 

5.  Temporary;  professional  medical. 

6.  Speed. 

•  7.    Milk  and  milk  of  magnesia. 

•  8.  Atropine. 

'  9.  Four  tablespoons  of  crumbled,  burned  black  toast,  2 
tablespoons  of  strong  tea,  and  2  tablespoons  of  milk  of 
magnesia. 

10.  Organochlorines,  phenoxys,  hydrogen  cyanide,  and 
pentachlorophenol. 

-  11.  2-PAM. 

-  12.  BAL. 

-  13.  Anticoagulant. 

-  14.  To  clot  the  bio  xl  in  humans. 


253 
253 
253 
253 
253 
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253  - 
253  - 
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1.  MA K  II  ANS\vKRSni:i:r K) nils  k\i:r(  isk  m  iMui:u, 

2.  liSK  NUMHKR  2  PKNC  IL  ONLY. 


KXTKNSION  C OURSK  INS  11  IH  l  K 
VOIA'MK  RKV  Ii:\V  KXKRC  ISK 


56650  02  22 


IN  I  RODl'C  I  ION  TO  PKS  I  M AN ACJKMKN  I 


r;ircf'iill\  rcnti  the  tollouiii}*: 

v: 

I  (*lK\k  iho  **cuinsc/*  ••vdIuiiic."  aiul  'Momi"  luimbcrs  Irom  the  ;nis\vci  sheet  ;ukhcss  t;ib  iii:;iinst  the 
'*\  RI'.  answer  sheet  idenlilieatiDn  number''  in  the  righlhantl  ei>kinin  of  the  -hjppinii  hsl.  II  ninnhers  tlo 
not  niali  h,  return  the  answer  sIkvI  and  the  shipping  list  to  HC!  iinnieihatel\  with  a  no[r  oT e\|ilanalion. 

1.    Note  thai  item  numbers  on  answer  sheet  are  sci|uential  in  eaeh  eolunui, 

V    IKe*!  nieiiium  sharp  #2  blaek  lead  pencil  lor  mark ing  answer  sheet . 

I  Write  the  eorreet  answer  in  the  margin  at  the  lell  of  the  item.  (When  you  re\iew  lor  the  course 
e\animanon.  >  ou  can  cover  \<tnr  answers  with  a  su  ip  of  paper  and  then  check  \our  rev  iew  answer^ 
ai:ams(  vi>ur  oriiiinal  choiees.)  Alter  you  are  sure  of  your  answers,  traiisler  them  to  the  answer  sheet.  U 
\ou  hnvr  to  ehaniie  an  answer  on  the  answer  sheet,  be  sure  thai  the  erasure  is  eomplcle.  Use  a  clean 
eras<.'i.  lUu  tr\  to  nvoid  any  erasure  on  the  answer  sheet  il  at  all  jmssible. 

>     l  ake  actii>n  ii>  return  e^ntirc  answ  er  sheet  to  HCL 

(v    Keep  \  olunie  Review  Kxercise  booklet  t*or  review  and  rclerence. 

7  II  iitimihitorih  enrolled  student,  process  questions  or  comments  throuiih  your  unit  trainer  or  OJ  T 
super\  isor,  II  vithintiuily  enrolled  student,  send  c|uestions  or  eonnnents  to      \  on  IX'I  l  orni  17. 


I     Don't  use  answer  sheets  other  than  one  furnished  specificalK  for  each  review  exereisc. 

1.    Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  e\eessive  markings 

which  overflow  marking  blocks  vill  register  as  errors. 
^     Di>n*l  fold,  spindle,  staple,  tiipe.  or  mutilate  the  answer  sheet, 
\    I  )i>n*i  use  uik  or  any  marking  other  than  a  #2  black  lead  |>encil, 

\Oli::  NliMBKRKI)  LKARNi:s(;  OHJKCTIVK  RKFKRKNCKS  ARK  USKI)  ON  UIK  VOIAMK 
RKVIKW  KXKRCISK.  In  parenthesis  after  each  item  number  on  the  \\<\\  is  die  Lcmiiinii 
Ohji'i  nvr  Xumftrr  where  the  answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRi  ;,  refer  to  the  lA'uniiit}^  ()/?Jrrtiy('s  indicated  by  these  Xmnln'rw  The  VRh  results  w  ill  be  sent  to 
\i>u  on  a  postcard  which  will  list  the  tictnol  VRH  itctns  yon  tnisM'iL  do  to  the  \R\i  booklet  and 
locate  the  l.t  tirnim:  Ofyjrriivr  Nnnilwrs  for  the  items  missed.  Go  to  the  text  and  earefully  review  the 
areas  eovered  bv  these  references.  Review  the  entire  VRH  agam  before  you  take  the  closed-book 
(  ourse  l:\aininalion. 


/>0,\  /  v. 
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MlU/niM-l.  CIIOIC  I-. 

li'  \/i(th  n/    (  oiisitkM  all  l  Iu>k  cs  •.aivlull)  and  st^-lcct  iIk*  h(  \/  aiis\\<.M  lo  cml  h  ijursdoii 

( .}<Uh  .S\ su  inahL  hioloiiy  classilk's  living;  Ihiiiiis  iiuo 

a    tMinips  ha\  ini:  similar  fhaiaclcristics. 
Iv    anunal  or  \L*iiclahlc  uroups. 

I.iiul  or  \\  atiM  t:rt>Uj>s. 
il     ail Inuiic  or  I;iiul  iirouf"»s. 

\\  \\\  was  syslcinahc  biolouy  developed? 
a.    I  o  p;iy  Irihiiic  l<i  Arisu>dc. 

1^     l  o  prt>\  ide  a  roiiiKlalit>ii  l\>r  lurlhcr  description, 
e     l  o  idenlil)  i:enerali/ed  lM>dy  shueuires  and  habits. 

d     I  o  pro\  ide  a  standard i/eil  and  universally  accepted  method  ol  c lass i Ticat ion  i>r  li\   ili  animals. 

(.^(M  )  What  IS  meant  hy  the  * *l')int>niial  system  of  nomenclature* * 

:«  ' '^inj:  t\\  o  cla    d'iealion  systems. 

h  Appls  u\\i        names  [o  an  t>ri:anisni. 

e  (  iassil)  inu  plants  and  animals  separately. 

d  C  'lasstK  iiie  plants  and  animals  In  a  name  and  a  number. 

\  W  Inch  1^1  these  scienlilie  names  is  propeiK'  written  .* 

a     (  mux  !  ii  fiiUnins .  e.    Smnms  vul  inir'L\ , 

b     niKSid  Ji>nu\s/ii(i.  d.    lUK^iilichw  (JuinlrinHicidnnis . 

\  W  hich  i>l  the  t<dUn\  inu  coireetly  def>iets  the  majoi- div  isions  oT  the  animal  kingdom  in  desecndiniz  order". 

a  (  lass,  ph\  luni.  taniily .  order, 

b  Order.  ph>  UniK  class,  tamdy. 

c  IMiyhim.  class,  order,  lamily. 

d  lMi\timK  onlei  .  class.  *:enus. 

I         Winch  ol  these  terms  represents  the  greatest  deuree  ot  i  ^>menclature  hreakdt>\\n  ui  the  annual  kinizilom  .' 

;i    Oidci  c.  Cienus. 

b     l;unil>  il.  S|>ecies. 

^ I  llumansand  insects  are  in  the  same 

't.   iMder.  c.  family, 

b    class  d.  kiniidom. 

Arihiopods  aie  distinuuished  iVom  humans  in  that  the  arthropoils  have 

a  loiiued  appenilat:es.  three  pairs  ol  legs.  and  two  winus. 

b  one  pair  ol  antennae,  a  doisal  heart,  and  three  pairs  ol  leiis. 

c  coUl  blood,  dorsal  heart,  and  an  exoskelelon. 

d  *»ne  pair  ol  antennae,  a  ventral  nerve  cord,  and  complete  nsetaniorphosis. 


S(>(o()(»2 


*)    ( .M)  1 )  \\  Iik  Ii  o\  iIk'so  classes  aiv  pI  j^rinitiry  concern  In  n^  * 

a     I  lc\api>ila  anJ  DiplopoJa.  c.    Araclniida  aiul  C'hih'pnda. 

h    Hc\apoJa  anJ  Araciinida.  d.    Arachtiida  and  Dipliipnda. 

I(>    (.MM)  Winch  ol  thc  rolKn\inii  characlcrisiics  docs       ijpp'>      ^^^^  class  I  lc\ajM)da? 

a  ( )nc  pair  ol  antennae, 

h  lM)in  pairs  nl  leizs. 

c.  Kcproducli\ e  iirizans  al  the  posterior  end  nt' the  abdonten. 

ll.  I  lirec  hotly  leiiions. 

I  I     (.]()5)  An  insect  \  antennae  may  serve  as  sense  oriians  tor  all  ol  the  tu!U>\vini:  except 

a.   seenii:.  c.  sniellini:. 

h    hearinii.  toiichini:. 

I (.^()>)  In  ciiniplele  nielaniorphosis.  what  sialics  does  an  insect  uo  ihrouiih: 

a     l  ii*:.  nil,  pupa .  adult.  c.    I  .^^.  iiyniph.  Iar\ a .  adult . 

h.    l-,L\n.  Iar\a.  nymph,  adult.  d.    Kiiii.  larva.  pupa>  adult. 

I  ^    (2(K))  W  hich  ol  these  insect  orders  is  considered  the  most  hencl  iciai  to  lunnans  ' 

a     Ihnicuiiplera.  Dermaptcra. 
h.    llotnoptcra.  d.  Anoplura. 

I -I     (         I  o  vv  hich  order  ilo  niosL|uitos  belonii 

a     Ani>plnra.  c.    Dermaf  ;>i. 

h     Colciiplcra.  d.  Hiptera. 

|S    (.](»/» (  alcrpillars  are  the  larval  staiic  iT  which  order  .' 

a .    Ihysanoptera .  c.    I  )ictyoptera 

h.    rins.  nura.  d.  Lepidoptera. 

1(1    ( / )( 'oekri>aclics  develop  tlirouiih  what  type  ol"  nietatnorpliosisV 

a.    No  !nclanior|iIiosis. 

h.    (iiadual  metamorphosis. 

c.  (  omplete  nielaninrphosis, 

<l.    Aiu  ol  these,  depenilinii  on  the  species. 

I  '     (JlOX)  To  which  class  ilo  spiders  anil  scorpions  belong".' 

a  Arthropoila.  liexafioda. 
b     .Arachniila.  d.  Cliilopoda. 

IX.   (JOS)  Which  oi  the  lolhnvinii  is  characteristic  ol"  arthropiuls  within  the  onler  Araneida  (spiders).' 

a.  I  he  abdomen  has  a  sliniier  anil  is  broadly  ji^ined  to  the  cephalothorax . 

b.  I  he  head.  lho«a\.  and  abdomen  arc  liised  inti>  a  sin*:Ic  boily  reiiion. 
c  I  hc  cephalothorax  is  joined  to  the  abdo.  icn  by  a  slender  waist. 

d.  I  he  moiilliparis  have  a  hypostome  tor  pieivinii  the  skin  to  obtain  blood. 
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!•)     i.^OW)  ( ol  iIk'  tnain  luiKlioiis  t^l  hhH)d  in  an  insocl's  s\slrni  is 

a  u*nu>\c  waste  j^roducts  Imni  htKly  colls. 

h  caiiA  o\\ ♦jcn  tt>  other  htul)  s\  stems. 

c  iransport  cavhtm  tlit)\itle  out  o\  binly  eel  Is, 

A  nianilain  an  atletiiiate  level  ol  nuiisture  within  the  inseel. 

.M»    ( _^.l)*>)  ( )rL'ans  whieli  iraiisler  air  tluoiiuh  an  inseeTshotlN  aie 

a    .i!aniilia.  osiia. 

Iv    (KKhea.  d.    nialpiehean  lubules. 

.?!     (^llM  Whieh  tH\i^ans  pun  ide  the  sense  td  ttuich  in  inseels? 

a    (*niiele  ami  antennae,  Ilairsanti  antennae, 

h    Culiele  and  leel,  d,    I  lairs  and  leet. 

:.V    {?  \{))  Inseet  heha\  ior  is  inllueneetl  l\v  all  t)l  the  tolh)winii  slinuili  cm  r/u 

a.    heat.  I'^^i^- 
Iv    i:ra\il\.  d,  menu)ry. 

;  ^    (-Ml)  \\  hieh  ol  the  follow  inii  is  nof  a  reason  lor  eondiielinii  a  hasie  survey? 
a     I  o  deiernnne  why  pests  are  established  in  an  area. 

h     I  o  tieierninie  il  a  prevalenee  ol'  benericia!  or  detrimental  speeies  exists, 

e.    j  o  tleierniine  il  a  eontrol  proiirani  met  its  goals. 

d     j  o  ileterniine  what  conditions  eould  cause  future  pest  problems, 

2  \ .   {1\  \  )  \  probini:  survey  is  used  to  determine  the 

a.  presence  of  pests  in  hard-to-reach  places. 

b  daniaiic  Ironi  past  treatments  lor  pests. 

c  presence  o!  potential  pest  breedini;  places. 

d.  tlaniaiic  from  termites,  lunizi.  and  wivu!  borers, 

.^S  W'Um  pesis  are  usually  collected  with  a  cloth  drai!? 

a     hcks.  c,  Mosi|uitos. 

h     Miles.  d.  Lice, 

i^^M)  W  hal  prevents  ecti^parasites  tVom  heini:  lost  when  they  are  brushetl  from  an  anestheti/ed  animal 

a.  I  hey  can  t  craw  I  up  die  sitles  Dj'the  ci^llection  pan. 

b.  I  hcN  are  alsn  anestlieti/ed. 

c.  i  hey  arc  stunned  by  t!ie  brushinii, 
d  l  he\  are  killed  by  the  brushinii. 

J  /    ( M  )  What  process  tlo  you  use  w  ith  a  key  to  identity  pestsV 

a.  Onlerinu.  Struclurinii. 

b.  Ibmmanon,  d.  Reductit)n. 

.'S    {?.\  \  )  \\  hen  workinii  to  identily  an  insect,  you  sluuikl  lirsi  ilelermine  its 

Older.  genus, 
b     bimil>  d.  species, 
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(.M  IMl  \nu  \\c;u  i:l;isscs.  wlial  sluuiUI  viui  ilo  when  iisiii»:  ;i  inie n^sci^pc? 
;i     \       \i>ur  i:lass<.'s  {)\  \  \\  hilc  \  icwiim. 

h     hike  >i>ur  i:I;isscs  i>H  w  hilc  aUjiiMinu  the  loeus. 

e     Make  ailjustnienls  wilh  ^hisses  iv  >■.  \  ie\\  u  ith  classes  o\  \ . 

k\     I  >i)  all  ail|usiin»:  aiul  viewinu  wilh  ulasses  on. 

{  ?  \  hi  lt>\\  ilo  u>u  tielei  mine  the  proper  w  iihh  o\  a  iiii<.ri^st  ope  e\epiete* 

a  \  ie\\  with  one  e\e  at  a  time  uniil  the  liekl  is  visilMe  uithoiil  nio\ini:  \'oin  head. 

h  Measure  between  the  center  s  i>l  yi>ur  eyes;  adjust  tiic  same  distance  to  the  center  <it  the  eyepieces. 

c.  Mo\cllic  c\cpicccs  while  view  ing:  adjust  until  \ou  see  tuodisiiiKl  iniaLics. 

il.  Move  (lie  e\epieccs  w  hile  \  iewinu:  ailjiist  until  \  oii  sec  a  sinule  iniaLic. 

(^I>)  Mow  should  yon  clean  specimens  that  are  \  er\  IraLMloor  dr\  and  riiiid.* 

a  W  ilh  a  small  camels  hair  brush. 

b.  U\  imrncrsini:  iri  \\  ater  and  deteriient. 

c.  By  iinmcrsinu  in  alco|u>l  oi  l\>riiKddehyde. 
{\  W  ith  a  moistened  cotton  swab. 

U  hich  mciiuul  ol  pinninu  is  best  to  use  lor  mount inu  small.  dr\ -prescr\ ed  specuiiens.^ 

a    CardiULV  c.  I'ointinii, 

b.    SiajjniLi.  d.    Direct  pinnini:. 

(         W  hat  type  of  spec i mens  arc  best  preserved  in  spirits  .^ 

a.  Solt-hodicd  specimens.  c.    \'ery  larue  specimens, 

b     \  cr\  sin;dl  specimens.  d.    I  lard,  crusty  specimens. 

(  /"Uo  I  h)\\  should  spirit-preserved  specimens  be  sti>rcd 

a     In  a  \eniilatcd  jar  oi  other  cv>ntaincr. 

b.  In  a  wcll  liLihlci!.  uarm  area, 

t  .    In  a  ci>ol  ilark  area  away  Irom  heat  souices, 

i!     Anywhere  as  lonu  as  they  are  in  an  airtight  container. 

( J"  I  7t  I  low  should  you  i^rcparc  a  mold  belore  lillinLi  it  w  ith  plastic  resin'/ 

a    Coal  the  ulterior  oT  the  mold  w  ith  uncatalyzed  resin. 

b.  Appl\  a  mold  release  compound  inside  the  mold, 
c    Wash  the  mold  and  dry  it  in  a  light  bulb  oven, 

il    \\  ash  the  n.old  in  synthetic  detergent  and  leave  it  wet 

(J.  I  7)  What  precautions  should  you  take  when  stirring  a  icsin  and  catalyst  mi\lurc'.^ 

a  Do  not  create  any  bu bibles  in  the  mixture, 

b  I  'sc  a  plastic  stirring  rod. 

c.  .\How  bubbles  to  lloat  to  tlic  top  and  skim  oil  . 
k\.  Swi  until  the  mixture  begins  to  thicken. 
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(.MS)  W  U.W  i\|K-tit  spcL'inicns  ;uv  bcsl  suilcd  liir  slide  pivsLMA  ;ition 

;i  Am  spL*<.  ihKMi  which  can  he  iikkIc  ii  anspiiicnt. 

Iv  \  CIA  small,  soil  specimens. 

I  .  Specimens  no  lariier  llian  the  slitle. 

{\  Paris     lartie  specimens. 

( J!  I  S)  I  lovs  are  specimens  cleared  ol*  internal  hiHly  tissues  prior  to  slide  nuumtinu? 

a  My  soakini:  in  alciihol  anti  stpiee/inii  the  abdomen. 

U  Hy  draw  ini:  hiHly  llnitls  tuit  with  a  hypiKlerniic  needle, 

i  Hv  stiakinL'  in  caustic  putash  stiliitiim  lor  12  [lours. 

d.  lU  plat  in*:  in  a  vaeiunn  clunnhcr  for  12  hours. 

(21*))  The  introduction  oT  pathoi:ens,  picdattirs.  or  parasites  to  control  a  pest  species  is  what  type  ol  control? 

a    AuitK'idal  control .  e.   Chemical  control, 

h    Hiolonical  control.  d.    Hisease  control . 

(2  PM  Winch  ol  the  lollowini:  is  an  example  of  cultural  control? 

a  Placinu  sticky  traps  in  rodent  hurnnvs. 

h  Keleasini:  parasitic  wasps  to  prey  on  cater|ii liars. 

c  I  Kiiii:  basic  LMod  housekeepinji  practices. 

il  Apply  mil  |uil\elhelene  to  pre\'ent  i:ro\vth  ol  veuetation. 

(2PM  Winch  ol  the  hillowini:  is  noi  an  example  oreliemical  ciintnd? 

a  I  'smi!  sex  aliractants  to  conliise  stored  protlnct^  pests. 

h  I  Kini!  trackinii  jiatehes  to  moniJor  rodent  movements. 

c  I  Kmn  repellents  on  your  skin  to  pi'e\'ent  insect  bites. 

tl.  Usini!  ijrowili  reiiulators  on  turf  to  reduee  urass  cuttinii  ret|uirements. 

(22iM  Which  inlormation  source  would  you  use  to  fiiKl  out  abiuit  areas  near  \onr  base  w  here  disease  vectors  are 
lireedniu? 

a  County  he;;lt)i  ortice. 

h.  County  extension  olTice. 

c.  Ani  nal  ilamaue  control  tlepartment. 

d.  Pest  management  maintenance  record. 

(22(M  Which  inrormation  source  would  you  use  to  learn  about  pest  piipulation  trends  and  movement  patterns  .* 

a.    Pes!  summary  re|>ort.  e.   C\Hinty  extension  olTice. 

b    PSAI- meleoroloiiicai  olTice,  d.   C  onnt\  health  olTice. 

(221  )  What  is  the  ///aV  step  you  should  take  when  selectinii  pest  manaLiement  i^rocedures? 

a.  1  )etermine  etjuipment  and  material  availability, 

b  Determine  the  |iersonnel  a\'ailable. 

c.  Identilx  pest  locations. 

{].  Idcntily  the  pesl. 
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( I  )       phijscs  ol  pcsl  iii;in;ii:ciiioiit  phmnini:  s|u)iiKl  Iv  h;isoJ  priniarify  on 

Iv   cHocliviMioss  and  ccoiu^niy. 

I     salcly  aiul  ciTccli  vciK'ss 

il    lospnnsihiliiy  ami  aiilhorily. 

If>    (  W"*)  Wlnth  i>l  ?!u*  lollms       slx^Iumis  ^ww  ho  Dflicii^  lo  you  in  ivpau  in^i  Iw  o  cvl  inJ^'i  ».'nL^MK's.' 

a     Power  pnuluclion.  c.    Pax onKMils  and  grounds, 

b.    I\t}uipn\cni  sot-titui.  d.    |-nvironniLMilal  support. 

1 "    { :*2?.)  Who  would  you  conlaci  it  you  needed  a  speeial  veliiele  lo  do  a  speeial  type  ol  pest  nianai^enienl  work 

a.    C  onslruclion  inainleiianee,  e     1  AteriiM  eleetrie, 

\\    Inlorinalion  olTiee.  d.    I  rallie  nianaiienient. 

IS.  Whieh  peslieide  dispersal  method  gives  you  inaxinunii  eonlrol  over  where  hquid  pesiieide  parlieles  uo".' 

a.    Aerosohng.  e.    Spray  ini:. 

h     Hrushriii^  d.  Mailinii. 

i22  >)  W  hen  \ou  use  an  uhra-Iow  volume  generator,  what  peslieide  dispersal  method  are  vou  using.' 

a.    Aeiosohng.  e.  Spr.iying. 

iv    Misting.  d.  Dusting. 

{12.^)  Whieh  peslieide  dispersal  method  wtiuld  you  use  lo  treat  a  large  outdoor  area  to  eonirol  eraw  ling  inseets 
wiilioul  harming  vegetation  .' 

a.    SpvaNing.  e.  Dusting, 

h.    Misting.  d.  iirushing. 

>  I     {  22'\ )  Whieh  residual  gives  the  l^est  etintrol  w  ith  a  reduelion  in  the  amount  ol  pestieide  applied? 

a  Craek  and  ere\iee  treatment. 

Iv  'asehoard  treatment, 

e.  .Sp  I  treatment, 

d  \  apoM/aliinv 

s.'l    {?.2  \)  I  low  are  spaee  treatments  luirmally  dispersed  .* 

a  \\  ith  nonwettable  dusts. 

Iv  W  ith  granular  pestieide. 

c  .  As  mists  or  spra>  s. 

il.  .\s  aenisols. 

>  V   {22>)  I  huv  does  loliage  treatment  alTeet  [)lants? 

a  Deereases  niln^gen  food  supply. 

Iv  (  \its  oil  o\\  gen  suj'iply  to  the  plant, 

e  Uurns  tissue  or  alTeets  plant  growth. 

d  .Stimulates  tiesirahle  plants  whieh  ehoke  out  undesirable  plants. 
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SS    (::(»)  How  is  1)1)  I  'lM  in  IS^duscU? 

a.    To  iilciihly  ccrtil'iahlc  personnel. 

I».    l  o  explain  the  i>inpi>sc  of  ccriilicalion . 

I'o  explain  lu»\\'  lo  i>btain  eorliricalion. 
il.    roecrliU  coinpcicncc  in  pest  numa^cnicni. 

>(»    ( I  low  olicn  nuisi  ccriilicil  personnel  he  rcccrlil  iCLl? 

a.  livery  year.  c.    Hscrs  llircc  years. 

b.  I- very  two  years.  d.    1 -very  Ti^ur  years. 

S7    (2:7)  lli>w  is  1)1)  I'lMMi  LS32-I  usetl'.^ 

a.   As  a  pesi  nianaiienienl  nuiinlenanee  reeoril  niainiaineil  \\n'  eaeli  laeilily  ant!  area  w  here  pesi  niaiiauenienl  is 
eonJiieieil. 

h.   As  a  |K*si  niaiiaiienienl  his!i>rieal  reeord  iiuliealin^  i>n!y  eheniieal  a|ipliealii>ns  made  in  base  siruelures  and 
areas. 

e.   As  a  t|iialily  ei>nlrol  Ibrm  useii  lo  review  ihe  perlorinanee  ol"  ihe  pesi  nianagenienl  seel  ion  on  a  nionlhly 
basis. 

il.   As  a  re(.|iiesi  lor  pesi  nianagenicnl  ser\'iees. 

>S.   illl)  When  ean  yi>ii  deslri>y  a  DD  h\m^^  1332-1? 

a.  When  ihe  lasl  enlry  i>n  ihe  fDrin  is  al  leasl  I  year  ago. 

b.  When  ihe  lasl  enlrs"  on  ihe  lorin  is  al  least  3  years  ago. 

e.    Noi  nnlil  iwi>  years  al'ier  ihe  biiililiiig  involveii  has  been  desiroyeil. 
il.    Ni>i  nnlil  lwi>  years  aller  the  base  is  elDsed. 

.Si).   ( .'2S)  What  l\  pe  n\'  I'aeililies  ret|uire  a  DD  Form  1070.  l  ermile  and  Wi>od  Deeay  inspeelion".* 

a.  .Ml  wootl  laei lilies. 

b.  Ml  \muhI  or  partial  wi>i>d  laei  lilies. 

e.  All  woikI  laeililies  whieh  hail  no  preventive  measures  taken  durini:  eiMisiruetii>n. 

d  All  wood  or  partial  wood  faeilities  whieh  had  ni>  jireventive  measures  taken  during  eonslruelion. 

(»0    (32S)  Uase  laeililies  retjuiring  wooti  pest  ijispee lions  sboultl  be  inspeeted  at  leasl 

a.  seniiannLally:  preferably  monthly. 

b.  t|narlerl\;  preferably  monthly. 

e.   annually:  preferably  semiannually . 
d.   bianinialK  :  i^referably  annually. 

dl .   {22^))  1  li>w  i>fien  is  the  AH  l*orm  2^)0,  'I'ranseript  for  Pest  RepiMi.  prepared? 

a.  Daily.  e.  Mi>nlhly. 

b.  Weekly.  d.  Quarterly. 
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{ -\1'M  hi  <.omi)lclini:  ihc  Al-  l  onii  2^0.  ihc  fiisl  coded  data  cIciikmK  LMilcrcd  on  ihc  loni)  is  ihc 


a    |Vsi  name. 

h.    |Vsi  LotiMi^l  opcralion. 


c.  pcsl  sui\cv. 

d.  hcrliicidc. 


(>V   {2M))  How  is  DDI-orni  I.S32  used  in  a  way  dilTerenl  iron^  Al- Horni  2^)0  * 

a.         l-o!in  l>32  is  used  lo  repoii  t)nly  noncheniieiii  eonlrois. 

Iv  Al-  l  orni  2^)0  is  used  \o  report  t)nly  nonelieniical  ce.nirol. 

e.         horni  \>M  can  be  used  lo  report  hoth  elieniie;tl  and  nonehenileal  controls. 

i\.  Al'  l  orni  2^)0  can  he  used  to  report  hi)th  eheniieal  and  noneheniieal  controls. 

(vl.   (2.M))  When  \t>u  enter  tlie  pesticide  amount  and  unit  on  1)1)  l-orni  L*^32.  he  suie  to  hst  the  units  in 

a.   dry  ounces.  c.  iiaUons. 

h.   pounds.  d.    liquid  ounces. 

(^S.   (2.M  )  What  is  ilie  purpose  ol"  Al-  l-orni  646.  Pest  Management  I^r<iiirani  Re\  ie\v  / 

a  I  liniinatc  wasteful  programs, 

h.  Set  pest  man;iiiement  goals. 

c  l)elermine  pest  management  financial  needs. 

i\.  kleniity  prticedurai  impu)vement  requirements. 

(^(>    (2  U  )  hi  iileniilving  areas  lo  he  avt>ided  in  a  contml  pr^igram  \o  what  inh^rmatiiui  sh<ndd  you  refer? 

a.  i  he  product  laiiel  and  a  hase  map. 

h  The  pu)duci  lahel  and  1)1)  Wmu  I  S32-I  . 

c.  Ouarlerly  repiMts  and  a  hase  map. 

d.  (,)uarlerly  reports  and  other  correspondence. 

67    ^2^2)  What  important  amendment  was  made  to  the  hederal  hisecticid.e.  I  jngicide,  and  Rodenticide  Act  in 

a.  IM\>luhili<)n  l<)r  ag!  icultural  use. 

b.  Proliihition  lor  conuiiercial  sale. 

c.  Keqiiiremcnt  lor  lahels  t<>  state  the  certification  oi  use. 

i\.  Uec|uirenienl  iov  lahels  {o  state    Keep  out  of  reach  of  children." 

(»S.   (2.vM  Mow  aic  \o[\  as  a  pest  management  specialist  affected  hy  the  Federal  l-!n\ irt^nmental  Pesticide  C\>ntrol  Act 


a  \o[\  are  pn)liil^ited  ir<>m  using  restricted  pesticides. 

h.  \o\\  nuist  have  pest  management  certification  helore  using  restiicted  pesticides. 

c.  must  have  formal  training  in  the  use  ol"  restricted  pesticides. 

d.  .As  an  Air  l  orce  pest  management  specialist  you  are  not  suhject  io  HhPCA  restrictiiuis. 

^2^  \)  What  areas  <)l  hazardous  waste  handling  are  covered  hy  the  Resources  C\>nservation  and  RecH>very  Act? 

a.  IVeatnient.  det<>\ifica(ion  and  disposal. 

h.  l)et<>\ilication.  transportation,  and  disp  )saL 

c.  Stiuage.  treatment,  transportation,  and  tlisp()sal. 

i\.  Transpi^rtatiiMi.  detoxification,  storage,  and  disposal. 


(I  I  PC  A).» 


.S6()S()()2  22 


(2  V^)  I  Ik-  Imu  ironinciuai  riolcclion  Auciicy  {\-\\\)  was  civalod  in  l<)7()  u  i(h  u  luil  Kspoiisihi Iilics  in  tlio  Ik  UI  o! 
*.'n\  iioinnciiliil  i»nllia;tnis? 

a.    kci;uI;Ui(MK  rcscarclu  aiul  cdncalion. 
Iv    Kcscaivli  ami  dcvclopiiicm. 

( ioxciiiini:  cci  lilicaiion  ol  ciuiinicivial  pesticide  applicalius. 
il.    UIcnlilicaliiMi  iif  liixic  dump  sites  and  prosecute  ol tejiders. 

{2  U^)  What  is  ilie  pmpiise  ol  the  Oeeiipational  Satet\  ami  !  leahli  Adjiiinistiatiiui  (( )SI  lA )  ' 

a.  To  etisnie  all  employees  ha\e  a  sale  and  healthy  woik  environment. 

Iv  To  plan  ami  manaiie  the  disposal  ol  ha/ardoiis  w  aste. 

e  To  enloree  the  safety  codes  established  by  the  l  ederal  I'tivironmcnta!  Pesticide  C'ontiol  Act. 

d.  I  o  ensuie  and  enforce  salety  standards  lor  the  use  and  storage  ol"  hazardous  cheinicals. 

{2M\)  Which  ol  the  lollowiny  is  ///>/  a  lunctional  responsihi lily  olOSHA 

a.  l  o  develop  and  publish  occupational  and  health  standards. 

b.  To  inspect  work  areas  to  ensure  that  standards  are  met . 

c.  l  o  lest  and  approve  personal  salety  protective  et|uipment. 

d.  l  o  issue  cUations  lor  noncompliance  with  its  rejiulations. 

(2^7)  Wliat  auency  is  responsible  lor  developinii  new  or  improved  occupational  salcts  and  heallh  standards".' 

a.  on  ICC  t)l  Occupational  Salety  and  Health  Administration. 

b.  U  .S.  Rineau  of  Mines. 

c.  Natiinial  Institiiie  for  Occupational  Safety  and  lleallh. 

d.  Bureau  of  I  ,abor  Statistics. 

il^S)  liiuler  what  conditions  may  state  and  local  i:o\ernnient  rules  override  those  developed  hv  the  WA  and 
OSIIA* 

a.  When  iheie  is  nol  sufficient  lundin*:  to  comply  with  federal  iiuidelines. 

b.  W'hcn  a  state  or  locale  disaiirees  w  iih  federal  izuidelines. 

c.  When  ihc  stale  or  local  laws  are  more  striniient  than  federal  la\v  s. 
d     When  the  stale  or  local  laws  are  less  strinuent  than  federal  laws. 

{2  ^*>)  What  two  areas  slioukl  the  layout  ol  your  shop  inckule 

a.  (*lean  areas  and  contaminated  areas. 

b  Clean  areas  and  cheniieal-handliniz  areas. 

c.  Pesticide  areas  and  equipment  areas. 

d.  Iree-act.  ess  areas  and  limited -access  area. 

I         I  low  many  air  chanjies  per  hour  must  be  pnu  ided  by  the  ventilation  system  in  the  pesticide  mixinii  room  .* 

il.    2.  e.  b. 

Iv    i.  d.  S. 

<2-l(h  Wiicn  yiHi  find  a  conflict  in  information  in  a  publication  ordiieeti\e  and  informalion  on  a  pesticide  label, 
\\  hat  should  do? 

a.  l\Wlow  the  label . 

b.  boUow  the  reiiulalion. 
V.'.  ( icl  a  clarificaliiMi  Irom  HPA. 
tl.  ( lel  a  clarification  from  OSI  lA 


/S    {.^  \{))  W'hal  is  ihc  purpose  oTlhc  ivcnlrv  sUUlmikmu  on  Ihc  pcNlicitlc  l;ihcl? 

;i  SpcLitics  ihc  rctjiiircincnls  lor  rc-rci:islralion. 

h.  IiuIk  ;iIcs  (he  sircniilh  ol' lime  ihc  pcsiicitlc  will  remain  lo\i^.  . 

e.  hulie:iles  ihe  npproxinKilc  lime  ol' peslieitle  elYeelix eness. 

tl.  Specilies  (he  iinuuinl  orUnie  lhal  must  elapse  helore  a  persi^n  without  pn>teen\e  clothes  ean  sal'cl)  enter  an 


'^K    (2       Which  pari      a  pcslicide  lahel  is  consitlcrcLl  one  ol  lhe  ntost  ini/u)rt(ifit^ 

a  Sii^nal  Word. 

b  Misuse  Sialcmenl. 

c  Slorai:c  ami  Disposal  hislrueiion. 

il.  Rcuislralion  and  csiahlishmcnl  Number. 

SO.   (2  I  h  Which  i^l  lhc  lollowinu  precaulions  nuisl  m>u  lake  belore  you  enter  a  jicslicii^ic  storaiie  area? 

A.  l  urn  on  ihc  exhaust  veniilaiion  Ian. 

U  Put  on  proicciivc  eloihing. 

(  .  Nolily  ihc  lire  deparlincnt. 

I).  Nolily  Ihc  medical  service. 

SI     ilW)  Wiuit  is  ihc  purpt)se  t>r  having  absorptive  clay,  hwlrated  lime,  or  <.IcterL?ents.  a\ailablc  in  a  pesticide 
storaiic  area? 

a.  1  o  absorb  pcslicitic  vapt>rs- 
l>.    l  o  clean  up  pcslicitle  spills. 

c.  To  nculr;ili/e  pcslicn^Ic  on  the  skin. 

il.    To  ncuirali/e  tlilTcrent  vapor  to  prcvcni  explosit^ns. 

S2.   {2  \2  )  Whicli  siatemcnt  hrst  describes  ilie  reason  the  mixini!  phase  oT  pesticide  luuKilini:  is  so  \  cr\  imporianl  ' 

a     \{n\  Muisi  work  aK>ne. 

b.  Pesticides  arc  unprctliclable. 
Unniixcil  pcsticitles  are  nanimable. 

d.  ^'ou  arc  workini:  with  the  nu>st  u>xic  lorm  t>l  the  j^csticitle. 

s  *    (2-1.^)  .Alter  pesticide  a|iplieation.  vvh;i»  should  you  dti  before  transport ing  the  e<.[uipment7 

a.    Install  vvarninu  si»:ns  ow  the  enuipment. 
b    Uci|ucsi  an  csct>rt . 

.    I )rain  the  equipment, 
d     Uclcasc  all  picssure. 

S  I     (21. When  you  appl\'  pesticides  in  homes  or  work  areas,  >i>u  sluuild  inlorm  the  occii|Tants  about  all  ol  the 
l4)IKuN  inii  (  i 

a.  pesticides  to  be  used. 

I>.  ai.lvancc  piceautions  to  l^e  taken. 

c.  \N  hen  the  area  will  need  rctreatment. 
tl.  wlicn  the  area  will  be  sale  lor  reentry. 


area. 


I  I 


>(^h>{){)2  2  2 


S>    (.M  l)  111  Nolnck's.  how  ;iic  post  nuiniiiicnicnl  personnel  prolcclrcl  tioni  o\posin\*  lo  pcsii*.  ulc  \;ipors  ;nui 
spliislios? 

;i.    IV'isonncl  \vc;u  protective  elothing  iUKi  equipnieni . 
h    IVsiieiilcs  ;ne  hauled  in  trailers. 

e.    All  pestieicles  and  ec|uipnient  are  seiiled  helore  transporting. 

{\     The  passeniier  eonipartnienl  is  separate  Ironi  the  storage  eonipartnient . 

S(v   {2  \  \)  W  hy  is  a  eiMiiainer  ol  water  earried  on  pest  management  vehicles 

a.  l  or  emergency  l  ire  protection . 

h  l  or  use  in  mixing  pesticides. 

c.  I  or  \chiclc  tIceonlamiPaJion. 

d.  I  or  decontannnation  ol  skin  and  eyes  in  the  event  ol  a  spill. 

S/    I  M.S)  I  low  ollen  should  you  Inventory  pesticides? 

a.    Dady.  c.  Monthly. 

Iv   Weekly.  d.  Quarterly. 

SS.   (.Mr»)  IV'  liciilc  in\entories  are  taken  to  determine  all  ol  the  Tol lowing  conditions  ('\( cpi 

a.   proper  use.  c.   ctMitainer  dcicrioratiiMi . 

h.   secni.  y.  d.    proper  storage. 

(2  1(0  In  the  e\ent  ol  a  pesticide  spill  you  should  identily  the  chemical  and  then 

a.  put  on  prolecti\e  et|uipment. 

h.  eontain  the  spill  with  rags  or  a  tarp 

c.  prevent  lurther  pesticide  leakage. 

d.  nnninu/e  contamination  ot  personnel. 

( 2  \U)  Which  ol  the  lollow  ing  is  not  used  as  a  pesticide  decontamination  agent 

a.    Ahstu plive  clay .  c.   Clilorine  hieach . 

h.   (  anslic  stnla.  li.    I  .ime. 

*M     ( .M  /)  What  IS  the  /;/^>.v/  con\ enient  source  ot  instructions  lor  pesticide  disp^isal  .* 

a.    The  pcsticiilc  la  he  I . 

I>.    The  hase  medical  service. 

e.  >  our  shop  chid  . 

d.   .Sanitation  engineering. 

( 17)  Ih  Av  may  you  dispose  of  moderate  amounts  i>r  contaminated  vsaste  water  .* 

a  Ky  pouring  ii  down  the  drain. 

b  H\  spraying  it  over  a  suitable  open  area. 

c  H\  pouring  it  in  an  evaporation  tank. 

d  Uy  turning  it  in  to  the  base  uispos;;!  oHiee. 

V   (  MS)  W  hen  are  pest  management  personnel  authorized  lo  wear  coveralls 
a.  Anytime. 

iv   W'heti  applying  pesticides. 

c.  W  hen  mixing  pesticides. 

d.  W  hen  mixing  or  applying  pesticides. 
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*)  I     ( .MS)  WIkiI  iiKiiiilLMKincc  is  iviiuiivil  on  l  uhhci  hoots".* 

;i  \N';isliiiiii  ;iikI  scaline. 

h  SiMhiiii  am!  Iiihi ical iiig. 

L  .  I  iihricalini:  aiul  palcliinii. 

(!  Wasliiiii:  aiul  Inhi  Kahni:. 

(?  IS>  Which  l\|v  ol  izhivcs  is  ivconiiiKMulcil  for  pcsliciJc  haiulhnL:  * 

I  "Hu!  Icalhcr.  ^.  riUmcdcoUon. 

1^    I'lihiici!  nci^piviic.  il.    I  .inc  ncopivnc. 

(2-4*))  Which  ol  ihcsc  compouiuls  allccls  ihc  |Motciii  molecules  wiiliin  ccilain  cclis  ol  llic  hotly  and  causrs 
kuhicv  ilainaiic 

a.    Mclhy  I  hroiiiitic.  c.    I  lytlioizcn  cyanide, 

h.    Uyihi^iicn  phosphitle.  tl.  C'arhaniale. 

*)7.   {2\^h  Which  pcs(ieitle  eonipoinitls  cause  capiHary  tlaniaiie  and  inhibit  liie  blood's  abihiy  lo  c(t)i 

a.    IVliolennis,  c.  lioianicals. 

b    AniictKiLMilants.  tl.  C\ubainaies. 

{?.>{))  W  !ial  l\pe  ol  peslicitle  poisonini:  would  you  suspecl  d  a  worker  had  a  runny  nose,  irritated  skin,  and  was 
sncc/  iiii:'.' 

a.  I'yielhiuni.  c.  Carbamates. 

b.  Slixchninc.  tl.  !\^troleuiiis. 

What  t\pc  ol  poiso'iiiii:  wonltl  cause  a  worker  to  experience  back  aiul  abilonunal  pain,  a  skin  rash,  and 
noscl^lccdini:  .* 

a    Carbamate.  c.  Anticoagulant, 

b    I  unn«janl.  tl.  Oriianochlorine. 

!()().  (2.*^!  )  Which  1^1  (he  lollowing  measures  helps  topre\ent  accitlental  i'lucsiion  ol  pesticides / 

a.  Ucniovc  or  cover  food  and  utensils. 

b.  hisme  adci|uatc  ventilation. 

c.  Wear  protective  clothing. 

il.    Avoid  snu>kini:  while  applying  pesliciiles. 

MM  .  What  is  the  fhwf  thing  yi>u  should  tlo  it  you  get  an  absorbed  pesticide  on  your  skni.* 

a.  Remove  the  pesticide  as  quickly  as  possible. 

Iv  Kemove  all  your  clothing , 

e  .Seek  medical  aitl. 

d.  Alcrl  stall  id*  possible  side  elTects, 

[i)2  {2>2)  When  >ou  are  alone  with  a  coiiscii>Lis  \  ictim  ol  pesticitle  poisoning,  what  is  the  firsi  thing  \ou  must 
delenninc 

a.  Method  ol  treatment, 

h.  Distance  lo  the  hospital. 

e.  Severity  i>l  the  poisoning. 

d.  Mclliod  id  poisoning:  ingestion,  absorption  or  inhalation. 


M)  ^  \  ^.S.^  Which  oi  the  liilUAviiiu  ihuus  is  the  spcL  il  ir  jmiulntc  Uu'  ori!;uioph()sjih;ilo  [K^stK  ulc  pmsoinni: 

;i    Amylnhraic.  c.  harbituatcs. 

I>.    Alrt^pinc.  i!.    Vitamin  K. 

101.  ( >2l  Which  1)1  the  lnlhu\  ini!  antidiitcs  is  normally  uscil  lor  arsciiica'  poisons  ' 

a.   Vitamm  K.  Atropine. 
HAl  .  J.  :-rAM 
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Preface 


THIS  THIRD  VOLUME  of  CDC  56650,  Pest  Management  Specialist,  contains  information 
on  pesticides  in  the  environment;  pesticide  classification,  characteristics,  and  diluting;  and 
pest  management  equipment. 

In  Chapter  1 ,  Pesticides  in  the  E-  ironment,  you'll  learn  about  the  impact  pesticides  have  on 
our  environment ,  how  you  can  w  c  to  reduce  this  impact ,  and  pest  resistance  and  tolerance 
to  pesticides. 

Chapter  2,  Pesticide  Classification,  Characteristics,  and  Diluting,  discusses  a  wide  variety 
of  pesticides.  The  list  includes  insecticides,  nodenticides,  herbicides,  and  fungicides  for  plant 
diseases. 

In  Chapter  3,  Pesticide  Dispersal  Equipment,  we'll  discuss  types  and  uses  of  equipment, 

its  operation,  and  maintenance  and  calibration. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  prcxiuct,  commodity,  or  service  in  the 

publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the  Air 

Force. 

This  volume  is  rated  at  33  hours  (11  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  April  1984. 
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CHAPTER  1 


Pesticides  in  the  Environment 


IN  YOUR  WORK  AS  a  pest  management  specialist  you  must 
always  be  careful  to  avoid  environmental  contamination. 
Remember,  the  environment  includes  all  of  our  surroundings 
and  its  many  forms  of  life.  Soil,  air,  and  water  are  all  parts  of 
the  environment  as  well  as  plants  and  animals.  Pesticides  put 
in  the  wrong  place,  on  the  wrong  plant,  or  where  the  wrong 
animal  can  eat  them  are  pollutants  and  can  cause  serious 
harm. 

In  this  chapter,  you  will  learn  about  the  impact  pesticides 
have  on  the  environment,  and  ways  we  can  reduce  pesticide 
hazards  in  our  environment. 


1-1.  impact  of  Pesticides  in  the  Environment 

Our  surroundings,  and  its  many  living  and  nonliving 
components,  make  up  our  environment.  Every  plant  and  animal 
is  affected  by  other  plants  and  animals  in  the  environment. 
I  Rain,  tempeiatuie,  and  wind  are  other  parts  of  our  surroundings , 
but  we  can't  control  them.  We  can,  however,  control  the  use  of 
pesticides  we  put  in  the  environment. 


400.  Define  ecology  and  cite  the  role  and  importance  of 
identified  environmental  elements  and  the  ways  th^  interact. 

Ecology.  Ecology  is  the  study  of  the  relationship  between 
living  things  and  their  environment.  The  environment  may 
be  called  a  household  or  a  place  to  live,  so  a  pond  would  be  the 
environment  for  fish,  aquatic  vegetation,  and  other  living 
elements  that  live  in  or  on  the  water.  Likewise,  you  live 
on — and  are  supported  by — the  land,  and  you  interact  with 
other  people  around  you.  The  land,  air,  water,  and  other  ani- 
mals you  come  in  contact  with  are  parts  of  your  environment. 

Given  human  primacy  among  living  creatures,  you  can 
readily  see  that  we  play  a  significant  role  in  the  ecology  of 
other  animals  around  us.  As  a  pest  manager,  your  role  is  even 
more  pronounced.  Because  your  actions  can  increase  or 
decrease  environmental  hazards,  you  must  understand  the 
importance  of  each  element  within  the  environment.  Manage 
pests  as  safely,  effectively,  and  economically  as  possible  so 
you  don't  adversely  affect  the  environment,  and  choose  pest 
management  methods  that  will  minimize  environmental 
hazards. 

Life  on  our  planet  is  limited  to  a  very  thin  layer  of  the 
atmosphere.  We  call  this  layer  the  biosphere.  It  is  made  up  of 
biotic  (living)  and  abiotic  (nonliving)  elements.  As  these  two 


groups  of  elements  interact  and  recycle  in  the  biosphere,  we 
call  this  an  ecosystem. 

Abiotic  elements.  Abiotic  elements  are  required  for  the 
growth  and  development  of  the  biotic  elements.  The  abiotic 
elements  in  ecosystems  are  grouped  into  cycles  we  call 
natural  cycles.  There  are  several  natural  cycles,  but  we  will 
limit  this  discussion  to  only  three:  (1)  the  carbon  cycle,  (2) 
the  nitrogen  cycle,  and  (3)  the  oxygen  cycle. 

The  carbon  cycle.  The  most  basic  cycle  in  the  ecosystem  is 
the  carbon  cycle.  Most  of  the  carbon  in  biotic  elements 
occurs  in  the  form  of  carbon  dioxide  (CO2).  Photosynthetic 
plants  (those  essential  for  producing  oxygen)  use  carbon 
dioxide  along  with  other  elements  to  produce  food.  In  the 
next  part  of  the  cycle,  tliese  plants  arc  eaten  by  herbivores, 
which  transform,  or  synthesize,  the  carbon  compounds  into 
other  compound  forms.  In  turn,  the  herbivores  are  consumed 
by  carnivores  that  redigest  zmd  synthesize  the  carbon  into  yet 
more  compounds.  Some  of  the  carbon  is  released  back  into 
the  atmosphere  as  carbon  dioxide,  while  most  of  it  is  returned 
to  the  soU  as  excretory  waste  and  carrion.  Bacteria  and  fungi 
feed  on  this  organic  matter  and  reduce  it  to  simple  elements 
again.  At  this  point,  most  of  the  organic  carbon  is  released 
back  into  the  air  as  carbon  dioxide  and  Cie  rest  is  drawn  into 
the  earth  and  eventually  transformed  into  coal. 

The  nitrogen  cycle.  This  cycle  also  aids  plant  growth. 
Plants  get  nitrogen  direcdy  from  the  soil  with  the  help  of 
nitrogen-fixing  bacteria,  which  convert  the  gaseous  nitrogen 
into  a  form  usable  by  the  plant.  Nitrogen  is  returned  to  the  soil 
as  the  result  of  plant  death  and  decay,  denitrifying  bacteria, 
erosion,  and  lightning.  This  cycle  is  continuous,  as  is  the 
carbon  cycle. 

The  oxygen  cycle.  This  is  the  last  cycle  we  will  consider. 
Keep  in  mind,  oxygen  is  a  by-product  of  photosynthesis. 
Oxygen  is  found  in  air  and  water,  and  it  is  vital  in  the 
respiration  process  of  both  plzmts  and  animals.  Animals  take 
in  oxygen  from  the  atmosphere  and  water,  and  transform  it 
into  carbon  dioxide.  The  carbon  dioxide  is  expelled  and  then 
taken  in  by  green  plants  that  transform  it  back  into  oxygen, 
continuing  the  cycle. 

Biotic  elements.  Green  plants  are  the  prime  living 
elements  in  each  ecosystem  because  they  alone  can  make 
food  from  sunlight  and  inorganic  matter.  As  a  result,  they 
provide  an  essential  link  in  the  natural  food  chain  by  storing 
the  sun's  energy  and  passing  it  through  the  ecosystem  by  the 
processes  of  eating  and  being  eaten.  Finally,  they  are  vital  in 
the  respiration  process  as  you  learned  in  the  discussion  on  the 
oxygen  cycle. 
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Just  like  green  plants,  their  consumers  are  also  vital  in  the 
respiration  process.  Again  this  is  explained  in  the  oxygen 
cycle.  Consumers  of  green  plants  include  (but  are  not  limited 
to)  animals,  insects,  bacteria,  and  fungi;  and  they  too  provide 
another  important  link  in  the  food  chain. 

Up  to  this  point,  you  have  studied  the  importance  of 
abiotic  and  biotic  elements  within  the  ecosystem  and  have 
realized  their  relationship  in  the  respiration  process,  but 
more  discussion  should  be  devoted  to  their  relationship  and 
dependency  within  the  food  chain.  This  relationship  and 
dependency  can  be  better  understood  by  using  the  following 
example. 

The  abiotic  elements  are  required  to  provide  food  for 
green  plants,  which  are  considered  to  be  the  basic  food 
element  within  the  ecosystem.  Green  plants  then  provide 
food  for  the  herbivores  (plant-eaters,  such  as  rabbits)  and 
omnivores  (plant  and  meat-eaters,  such  as  man).  Herbivores 
such  as  rabbits  are  then  eaten  by  the  carnivores  (meat-eaters, 
for  example  coyotes)  and  again  the  omnivores.  Other 
carnivores  such  as  bears,  hawks,  and  vultures  kill  and  eat  the 
coyotes  and  each  otlier.  Then  comes  man,  who  kills  various 
carnivores  for  food  and  sport,  and  in  turn,  man  dies.  With  the 
death  of  plants,  herbivores,  carnivores,  and  omnivores 
comes  the  food  source  for  the  decomposers  (bacteria,  fungi, 
and  protozoa).  As  the  decomposers  feed,  they  return 
essential  oi^anic  matter  to  the  soil  to  support  plant  growth, 
thus  completing  the  food  chain. 

Discussion  about  phytcplanktons  ha^  been  reserved  for 
last  because  they  consist  of  both  green  plants  and  consumers 
of  green  plant  matter.  Phytoplanktons  are  very  minute 
organisms  that  float  about  in  various  bodies  of  water  and  are 
the  principal  producers  of  photosynthesis.  It  is  estimated  that 
they  produce  70  percent  of  the  Earth's  photosynthesis 
required  for  oxygen  renewal  in  the  atmosphere. 

Based  upon  this  information,  it  is  understandable  that  each 
cycle  and  element  is  dependent  upon  the  others,  and  the 
interaction  between  them  is  required  to  support  each 
ecosystem.  The  biosphere  is  constantly  undergoing  changes 
and  each  change  affects  an  ecosystem;  thus,  it  is  your 
responsibility  to  insure  that  you  do  not  present  hazards  that 
could  adversely  affect  the  environment. 


Exercises  (400): 
1 .    Define  ecology. 


2,    What  is  the  biosphere? 


3.    Describe  the  role  played  by  the  abiotic  elements  in  the 
biosphere. 


4.    Describe  the  interdependence  of  green  plants  and 
animals  in  the  respiration  process. 


5.    What  is  considered  to  be  the  primary  biotic  element? 
Why? 


6 .    Describe  phytoplanktons . 


7.    State  the  roie  of  importance  played  by  bacteria,  fiingi, 
and  protozoa  within  the  food  chain. 


401.  Specify  beneflcial  and  detrimental  effects  of 
pesticides  as  a  result  of  pest  management  operations. 

Beneficial  and  I>etrimental  Effects  of  Pesticides.  For  you 

to  understand  the  impact  pesticides  have  on  our  environment, 
you  must  consider  both  their  beneficial  and  detrimental  aspects. 

Our  pesticides  may  be  helpful  or  harmful,  sometime 
simultaneously,  depending  on  how  we  use  them.  Although 
this  may  sound  contradictory,  you  will  understand  it  better  as 
we  continue. 

Beneficial  aspects  of  pesticides.  We  need  f)esticides  to 
manage  pests  that  are  important  both  medically  and 
economically.  If  farmers  couldn't  use  insecticides  and 
herbicides,  they  would  be  unable  to  grow  enough  food  to  feed 
the  world's  population;  these  crops  would  be  badly  damaged 
by  the  spread  of  unwanted  plants  and  crop-eating  insects^ 
Many  buildings  would  be  much  more  vulnerable  to  many 
fiingi  and  insects  that  attack  wood.  As  a  result,  these 
buildings  could  be  rendered  unsafe  and  unusable  because  we 
couldn't  chemically  protect  them  from  these  pests.  Diseases 
that  were  greatly  feared  a  few  decades  ago  would  still  have  a 
considerable  impact  on  our  health  if  we  didn't  have  the 
chemicals  to  control  the  pests  that  transmit  them. 

Because  of  pesticides,  hov/ever,  American  farmers 
produce  far  more  food  than  this  nation  needs,  buildings — 
both  old  and  new — are  still  useful  and  structurally  sound,  and 
diseases  that  used  to  be  universally  feared  are  known  only  in 
name  to  many  of  us. 

There  are  many  vertebrate  and  invertebrate  animals  that 
are  disease  transmitters,  venomous,  or  simply  nuisances  that 
interfere  with  our  activities.  For  these  and  other  reasons,  you 
can  readily  see  how  pesticides  help  us  maintain  a  healthy, 
prosperous  nation;  as  a  result,  pesticides  are  genuinely 
beneficial  to  our  environment . 

Detrimental  aspects  of  pesticides.  Pesticides  present 
many  hazards  to  our  environment  because  they  can  affect 
many  biotic  elements.  If  we  used  pesticides  constantly, 
without  the  proper  concern  for  their  hazards,  the  damaging 
effects  could  become  severe  and  permanent.  You  may  think 
that  your  singular  activities  would  never  cause  such  an  impact, 
but  when  your  work  is  combined  with  the  work  of  others  around 
you  or  you're  working  on  large-scale  operations,  the  results 
could  be  significant. 

The  major  problem  with  pesticides  is  the  impact  they  may 
have  on  nontarget  organisms  (plants  and  animals  we  don't 
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want  to  affect).  Regardless  of  how  carefully  you  apply 
pesticides,  there  is  always  this  possibility,  either  as  a  direct  or 
indirect  result  of  your  actions.  Directly  destroying  nontarget 
organisms  usually  results  when  you  apply  pesticides  to  kill 
target  pests,  and  nontarget  plants  or  animals  are  in  the  same 
area.  This  is  a  good  example  of  how  pesticides  can  be 
beneficial  and  detrimental  at  the  same  time.  Indirectly 
destroying  nontarget  organisms  usually  happens  when  our 
pesticides  are  moved  off  target  because  of  natural 
environmental  activities  like  wind,  rain,  and  soil  erosion. 
Indirect  poisoning  can  also  result  when  animals  (such  as 
birds)  feed  on  insects  killed  by  pesticides  (secondary 
poisoning). 

When  you  apply  pesticides  outdoors,  chemical  particles 
(dusts  or  liquids)  are  carried  off  target  by  the  wind  and  moved 
to  areas  up  to  several  miles  away.  As  they  drift,  some 
particles  are  caught  on  trees,  others  may  settle  to  the  ground, 
and  the  rest  are  left  suspended  in  the  air.  Using  aircraft  to 
apply  pesticides  presents  the  greatest  drift  hazard,  followed 
by  fogging  for  mosquito  control  and  applying  residual 
pesticides  to  trees  and  ornamentals. 

The  soil  is  contaminated  with  pesticides  in  many  ways 
other  than  drifting  chemical  particles  settling  to  the  ground. 
Suspended  particles  in  the  air  may  be  released  to  the  ground 
as  rains  cleanse  the  air  of  many  suspended  particles.  The  rain 
will  also  wash  pesticide  particles  from  buildings,  trees, 
shrubs,  and  grasses,  thus  contaminating  the  soil.  Once 
pesticides  are  in  the  soil,  they  may  move  about  by  leaching  or 
erosion. 

Almost  all  pesticide  particles  eventually  end  up  in  the 
water  regardless  of  how  carefully  you  apply  them.  As  the 
particles  drift  through  the  air,  they  fall  on  plants,  the  soil,  and 
water.  Rain  increases  the  amount  of  pesticides  in  water  by 
washing  chemical  particles  off  of  other  surfaces  and  out  of  the 
soil  by  leaching.  From  hen  ,  the  chemicals  may  wash  into  sur- 


face waters  either  direcdy  or  indirectly  through  circulating 
ground  waters  (fig.  l-i). 

Persistent  pesticides  probably  cause  more  environmental 
hazards  than  any  other  product  because  they  don't  break  down 
very  easily  or  quickly.  They  can  stay  stable  for  several  months 
or  even  years  in  the  air,  soil,  and  water.  Furthermore,  some  can 
be  transformed  into  more  toxic  substances  than  they  were 
originally  in  a  process  called  potentiation. 

Our  largest  concern  with  using  persistent  pesticides  is  the 
effect  they  can  have  on  the  food  chain.  This  chain  can  be 
severely  jeopardized  under  a  variety  of  conditions.  Consider 
this  possibility  :  you  treat  an  area  with  a  persistent  pesticide  to 
control  grubs  that  are  destroying  the  grass.  From  a  nearby 
area,  moles  come  in  to  feed  on  the  grubs.  Some  may  die, 
others  may  live,  but  now  they  have  the  pesticide  stored  in 
their  bodies.  The  toxicity  level  can  increase  within  their 
bodies,  so  if  they  get  eaten  by  other  animals,  these  predators 
may  be  killed.  This  process  can  continue  throughout  the  food 
chain  and  eventually  affect  us.  TVaces  of  many  pesticides  can 
be  found  in  almost  any  product  from  eggs  to  breast  milk,  and 
the  worst  part  of  it  is  that  these  persistent  chemicals  can  be 
stored  and  transferred  through  a  continuous  cycle. 

Exercises  (401): 

1.    List  the  beneficial  aspects  of  pesticides  from  the 
economic  standpoint. 


2.    What  are  the  beneficial  aspects  of  pesticides  from  the 
medical  standpoint? 


PRECIPITATION 


CFN-007 


Figure  1-1 .  The  Hydrologic  Cycle:  Pesticide  can  enter  the  water  at  any  point  in  this  cycle. 
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3 .    What  is  the  major  problem  with  pesticides? 


4.    When  could  the  detrimental  effects  of  pesticides  become 
severe  and  permanent? 


5.    Describe  how  the  rain  can  contaminate  the  soil  with 
pesticides? 


6.    Whf  *  is  potentiation? 


1-2.  Pesticide  Resistance  and  Tolerance 

We  can  carry  the  thought  of  how  pesticides  impact  our 
environment  one  step  further  by  considering  how  insects 
react  to  pesticides.  TWo  terms  are  of  key  importance  to  pest 
managers:  pesticide  resistance  and  pesticide  tolerance. 
These  terms  are  frequently  used  in  discussion  about  pests  and 
how  they  affect  our  control  measures.  Understandably,  they 
generate  much  concern  about  how  we  can  most  effectively 
manage  pests. 

For  example,  in  some  New  England  states,  Germein 
cockroaches  have  developed  a  degree  of  resistance  that 
renders  ineffective  both  previously  experienced  pesticides 
and  even  totally  new  ones.  During  your  career  as  a  pest 
management  specialist  or  technician,  you'll  undoubtedly 
hear  about  or  become  involved  in  issues  like  this,  so  your 
understanding  of  pesticide  resistance  and  tolerance  is  very 
important. 

402.  Define  and  cite  facts  regarding  pesticide  resistance. 

Pesticide  Resistance.  Pesticide  resistance  can  be  defined 
as  the  ability  of  a  pest  population  to  withstand  pesticide 
treatments  that  were  generally  lethal  to  earlier  populations.  It 
is  often  stated  that  insects  develop  resistance,  but  this 
statement  is  inaccurate.  Resistance  is  a  trait  that  is  inherited 
through  a  complicated  genetic  process  by  a  few  individuals 
within  a  reasonably  large  population.  There  is  a  tendency  for 
this  hereditary  trait  to  be  passed  from  parent  to  offspring. 
However,  where  a  very  few  resistant  specimens  exist  in  a 
large  population,  probability  dictates  that  only  a  very  few 
resistant-breeding  combinations  will  occur,  thus  insuring 
that  the  trait  will  not  develop  throughout  the  population. 
Population  alterations  begin  to  occur,  however,  when  the 
natural  process  of  checks  and  balances  is  interrupted  by  the 
introduction  of  pesticides  into  the  population.  In  the  initial 
stages  oi  the  use  of  a  particular  pesticide  to  control  a  pest 
population,  it  can  generally  be  said  that  a  majority  of  the 
individuals  are  not  resistant.  The  susceptible  individuals, 
upon  exposure  to  the  pesticide,  die,  while  any  resistant 
individuals  survive  (the  weak  perish;  the  strong  survive). 


This  process  progresses  to  the  point  where  the  resistant 
strain,  through  its  ability  to  survive,  achieves  a  position  of 
dominance  in  jx)pulation  reproduction.  Continued  use  of  the 
pesticide  involved  simply  reinforces  this  dominance  by  the  d 
resistant  individuals  until  finally,  virtually  all  reproduction  is  " 
being  done  by  resistant  individuals,  thereby  producing  a 
resistant  population.  Once  this  occurs,  further  use  of  the 
pesticide  will  not  produce  satisfactory  result  .  The  matter 
can  be  further  complicated  by  cross-resistance — a  process 
whereby  exposure  to  one  pesticide  can  produce  populations 
that  are  also  resistant  to  one  or  more  other  pesticides.  This 
resistance  to  pesticides  occurs  in  two  forms,  physiological 
and  behavioristic. 

Physiological  resistance.  Physiological  resistance  is  the 
ability  of  an  organism  to  physically  negate  the  effects  of  the 
pesticide.  Many  facet'^-  of  physiological  resistance  are  not 
clearly  understood.  However,  the  following  types  of 
physiological  resistan.   have  been  determined  to  exist: 

a.  Slow  absorption  rate.  Some  members  of  a  population 
absorb  the  jx)ison  too  slowly  to  receive  a  lethal  dose  from  a 
normal  exjxjsure. 

b.  Storage.  Some  members  of  a  population  have  the  ability 
to  store  the  jxjison  in  nonsensitive  body  tissues  before  it  can 
kiU. 

c.  Excretion.  Some  members  of  a  population        ble  to 
excrete  the  poison  before  it  can  kill. 

d.  Detoxification.  Some  members  of  a  popu'  ti  are  able 
to  detoxify  the  poison  before  it  can  kill.  This  de.  jxification  is 
known  to  be  the  result  of  enzyme  action.  The  harmless 
detoxification  products  are  stored,  excreted,  or  metabolized. 

e.  Substituting  biochemical  systems.  Death  by  pesticide 
poisoning,  as  from  any  other  means,  occurs  as  a  result  of  d 
blockage  of  vital  life  functions.  This  blockage  is  usually  done  " 
by  the  destruction  or  paralysis  of  vital  organs.  Some 
members  of  a  population  are  able  to  substitute  a  blocked 
function  with  other  body  systems  until  normal  biophysical 
balance  is  restored. 

Behavioristic  resistance.  Behavioristic  resistance  occurs 
in  the  following  forms: 

a.  Habitat.  A  few  members  of  a  population  may  occupy  a 
habitat  different  from  that  of  the  normal  population.  As  a 
result,  they  are  not  exposed  to  routine  pesticide  applications. 

b.  Avoidance.  Some  members  of  a  population  may  be 
particularly  sensitive  to  the  pesticide.  As  a  consequence,  they 
will  avoid  contact  with  it. 

Resistant  members  of  a  population,  regardless  of  the  type 
of  resistance,  tend  to  survive  the  pesticide  application  and 
rebuild  a  resistant  population. 

As  the  foregoing  discussion  illustrates,  insects  do  not 
truly  develop  resistance  to  pesticides.  The  emergence  of 
resistant  populations  occurs  as  a  result  of  manmade 
alterations  of  the  breeding  population  that  allows  resistant 
strains  to  become  dominant,  dius  permitting  massive 
reproduction  of  the  resistant  strains. 


Exercises  (402): 

1 .    Define  pesticide  resistance. 
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2.    Compare  physiological  and  behavioristic  resistance. 


3.    Describe  the  types  of  physiological  resistance  listed 
below. 

a.  Slow  absorption  rate. 


b.  Substituting  biochemical  systems. 


403.  Define  pesticide  tolerance,  compare  it  with  resistance, 
and  cite  ways  of  reducing  both. 


Pesticide  Iblerance.  Pesticide  tolerance  can  be  defined 
as  the  ability  of  one  or  more  pests  within  a  pest  population  to 
withstand  pesticide  treatments  that  are  lethal  to  others  within 
the  population. 

Tolerance  is  another  means  by  which  certain  members  of 
a  pest  population  may  survive  pesticide  applications. 
Tblerance  is  acquired,  whereas  resistance  is  inherited.  When 
an  individual  is  exposed  to  one  or  more  sublethal  doses  of 
pesticide,  the  body  tends  to  develop  a  tolerance  to  that 
particular  pesticide,  making  it  possible  for  the  individual  to 
survive  a  future  lethal  dose.  This  tolerance,  however,  is  not 
passed  on  to  the  offspring.  Tblerance  usually  occurs  in  two 
different  forms,  physiological  and  behavioristic. 

Physiological  tolerance.  Physiological  tolerance  is  the 
result  of  adjustments  by  body  systems  that  prevent  the  normal 
harmful  action  of  the  pesticide. 

Behavioristic  tolerance.  Behavioristic  tolerance  is  the 
behavioral  adjustment  the  pest  makes  as  a  result  of  having 
undergone  an  unpleasant  experience  due  to  contact  wit^  a 
sublethal  dose  of  the  pesticide.  This  unpleasant  experience 
causes  the  pest  to  recognize  and  tend  to  avoid  the  pesticide. 

Reducing  chances  of  resistance  and  tolerance.  Now  that 
the  problems  of  resistance  and  tolerance  have  been 
discussed,  the  question  arises,  *'How  can  these  problems  be 
prevented  or  minimized?**  One  of  the  most  effective 
solutions  is  to  apply  integrated  pest  management  (IPM)  to  the 
fullest  possible  extent.  Don't  depend  on  just  one  control 
technique  for  a  given  problem.  This  approach  can  be  as 
simple  as  using  both  traps  and  baits  to  control  rodents  or  as 
detailed  as  using  water  management,  predatory  fish,  insect 
growth  regulators,  and  adulticides  in  a  wide-scale  mosquito 
management  problem. 

In  many  .situations,  however,  by  the  time  a  pest  problem  is 
reported  to  your  shop,  chemical  control  is  the  only  practical 
method  available.  You'll  see  this  happen  frequently  in 
military  family  housing  and  in  dormitories;  when  it  does, 
there  are  still  several  practical  ways  you  can  help  prevent 
resista:ice  or  tolerance. 

0)  Make  sure  residents  have  applied  all  the  standard 
nonchemical  measures;  in  a  word,  insure  proper  sanitation. 

(2)  Use  the  pesticides  only  as  directed  on  the  label. 


(3)  Place  the  pesticides  where  pests  will  be  forced  to  come 
in  contact  with  them,  such  as  in  cracks  and  crevices  for 
cockroach  control. 


Exercises  (403): 

1 .    Define  pesticide  tolerance. 


2.    What  is  the  primary  difference  between  pesticide 
resistance  and  tolerance? 


3.    What  are  four  ways  you  can  help  prevent  pesticide 
resistance  and  tolerance? 


1-3.  Reducing  Pesticide  Hazards  in  the  Environment 

As  you  can  easily  appreciate,  chemical  pesticides 
are— and  will  continue  to  be— of  considerable  importance 
economically  in  forest  management,  food  production,  and 
public  health.  However,  with  the  resulting  possible  adverse 
effect  on  some  fish  and  wildlife  populations,  it's  essential  that 
you  take  every  possible  precaution  to  protect  the  environment 
as  you  carry  out  your  pest  management  programs.  In  this 
lesson,  therefore,  we'll  review  some  of  the  more  basic  aspects 
of  reducing  environmental  hazards  caused  by  pesticides. 

404.  Specify  methods  for  reducing  pesticide  hazards  in 
the  environment. 


Methods  of  Reducing  Pesticide  Hazards  in  the 
Environment.  Environmental  damage  bj'  pesticides  virtually 
can  be  eliminated  by  simply  adhering  to  some  fundamental 
pest  management  principles.  Foremost  of  these  principles  is 
the  accurate  assessment  of  the  pest  problem  to  determine  if  a 
pest  management  operation  is  really  necessary.  Then,  if  a 
valid  requirement  actually  exists,  select  and  execute 
measures  that  will  provide  maximum  pest  management 
results  while  causing  minimal  environmental  damage  (using 
pesticides  as  a  last  resort). 

Carefully  determine  pest  management  program  require^ 
ments.  You  can  accurately  determine  pest  management  needs 
only  after  you've  surveyed  the  area  concerned  to  confirm  the 
existence  of  pest  populations  and  you've  identified  environ- 
mental conditions  conducive  to  the  existence  and  propagation 
of  these  pest  populations.  An  ongoing  pest  surveillance 
prop*  is  very  effective  not  only  in  helping  you  detect  existing 
problems,  but  is  also  an  invaluable  tool  in  identifying  potential 
pest  problems  so  timely  preventive  measures  can  preclude  the 
need  for  drastic  eradication  measures  in  the  future.  As  a  general 
rule,  environmental  sanitation  techniques,  such  as  eliminating 
harborage  and  breeding  areas,  will  prevent  buildups  of  pest 
populations  without  causing  significant  damage  to  populations 
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of  desirable  species.  Occasionally,  use  of  biological 
methods,  such  as  the  introduction  of  predacious  minnows  to 
impounded  water  to  feed  on  mosquito  larvae,  will  provide 
very  satisfactory  control  of  some  mosquito  populations.  In 
other  instances,  mechanical  devices  or  structural  nrixXlifications 
to  buildings  may  give  good  results.  In  any  ca.,2,  only  use 
pesticides  when  there  is  a  substantial  need  to  immediately 
reduce  a  pest  population  and  no  other  feasible  technique  will 
do  the  job. 

The  following  hypothetical  situation  is  an  example  of 
problems  requiring  a  certain  amount  of  value  judgment  as 
well  as  expertise  in  maintaining  a  high  degree  of  target 
specificity  in  applying  pesticides.  The  problem  involves  a 
close  association  between  wasps  and  honeybees  in  a  housing 
area.  The  wasps  have  established  several  large  nests  under 
the  eaves  of  a  number  of  houses  in  the  housing  area.  This  is  a 
matter  of  considerable  consternation  among  the  housing 
occupants  since  the  wasps,  if  disturbed,  will  readily  attack 
and  sting  people.  It  is  a  well-established  fact  that  wasp  stings 
are  painful  in  all  cases,  and  in  the  case  of  hypersensitive 
people,  will  usually  cause  dangerous  (sometimes  fatal) 
allergic  reactions. 

In  selecting  a  means  of  eradicating  the  wasps,  you  must 
consider  the  fate  of  a  large  number  of  honeybees  that  work  in 
the  flowerbeds  around  the  houses.  Honeybees  produce  food 
(honey)  and  are  extremely  important  crop  pollinators  (some 
crops  can  reasonably  be  expected  to  fail  in  the  absence  of 
honeybees);  hence,  they  are  considered  to  be  highly 
beneficial  insects.  Also,  honeybees,  when  away  from  the 
hive,  are  not  prone  to  attack  and  sting  people.  The  matter  of 
whether  or  not  to  apply  pesticides  for  control  of  the  wasps  at 
the  risk  of  killing  a  number  of  honeybees  requires  a  value 
judgment  on  your  part.  In  this  instance,  the  human  health 
factor  outweighs  the  beneficial  factor  associated  with  the 
honeybees,  and  the  operator  will  be  justified  in  using 
pesticides  to  kill  wasps.  However,  you're  a  skilled  operator 
and  are  reasonably  concerned  with  the  preservation  of 
beneficial  life  forms,  you'll  minimize  damage  to  the 
honeybees  by  selecting  a  nonpersistent  insecticide  and  apply 
it  with  equipment  that  can  direct  the  chemical  directly  at  the 
wasp  nests.  This  will  confine  most  of  the  pesticide  to  the 
target  area.  Any  pesticide  that  drifts  to  the  flowers  will 
quickly  degrade  and  pose  little  or  no  threat  to  the  honeybees 
(and  to  yourselO-  Also,  you  could  apply  the  pesticide  at  night 
or  m  the  early  morning  when  both  the  honeybees  and  the 
wasps  are  inactive.  Evening  applications  of  pesticides  to 
wasp  nests  are  especially  desirable  because  all  the  wasps  are 
on  the  nests  at  night  and  the  entire  colony  can  be  killed  with 
one  application.  Also,  since  wasps  are  not  active  at  night,  this 
technique  will  virtually  eliminate  the  possibility  of  your 
getting  stung  by  irate  wasps. 

As  discussed  in  Volume  2,  there  are  two  fundamental 
types  of  pest  control,  natural  and  applied.  1\vo  examples  of 
natural  controls  are  unfavorable  weather  conditions  and 
predation.  Natural  controls  occur  without  help  from  people. 
Applied  controls  are  those  in  which  human  effort  is  directed 
toward  the  control  of  pests  and  incJMdes  a  wide  variety  of  IPM 
techniques.  In  the  foregoing  problem,  natural  controls  could 
not  be  relied  upon  since  wasps  are  not  severely  affected  by 
predation  and  since  unfavorable  weather  conditions  do  not 
normally  occur  until  the  arrival  of  winter.  In  a  situation  like 
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this,  it  is  necessary  to  resort  to  applied  controls,  such  as  the 
use  of  a  pesticide  to  kill  the  adult  wasps  and  mechanical 
destruction  of  the  nests  to  prevent  new  populations  of  wasps 
from  hatching. 

Implement  nonchemical  controls  when  possible.  Pest 
management  programs  should  only  be  started  if  nature 
cannot  manage  the  pests  adequately  and  quickly  enough  for 
the  situation.  If  applied  controls  are  required,  either 
preventive  or  corrective,  your  controls  should  be  conducted 
whenever  and  wherever  possible. 

Preventive  measures  are  normally  preferred  because  they 
are  designed  to  forestall  the  buildup  of  pest  populations. 
Also,  they  are  almost  always  more  effective  and  more 
economical  in  the  lor»g  run.  Preventive  controls  consist  of 
good  sanitation,  construction  design  and  maintenance  to 
exclude  pests,  and  drainage  or  management  of  impounded 
water.  Legal  controls,  such  as  quarantine  measures,  are 
effective  in  preventing  the  introduction  of  alien  pests  into  an 
uninfested  area.  Occasionally,  preventive  controls  may  also 
serve  as  corrective  measures. 

Routine  programming  of  corrective  controls  is  the  least 
desirable  technique  because  the  control  measures  are 
intended  to  cope  with  pest  populations  after  they  have  grown 
to  intolerable  levels.  Such  controls  do  not  provide  for 
elimination  of  pest  pn^blems.  Tbey  simply  reduce  the 
problem,  temporarily,  to  tolerable  levels.  Since  these 
measures  seldom  produce  permanent  results,  they  must  be 
repeated  frequently  and,  as  a  consequence,  are  very 
expensive  in  the  long  run.  Also,  since  corrective  measures 
usually  require  frequent  repeated  applications  of  pesticides, 
they  pose  a  significantly  greater  threat  to  the  environment. 
As  a  rule,  use  corrective  controls,  particularly  pesticides, 
only  when  there  is  a  need  to  effect  an  immediate  reduction  of 
a  pest  population  to  avert  an  impending  medical  problem  or 
economic  loss.  In  the  previously  discussed  wasp  problem, 
the  use  of  chemical  corrective  measures  was  justified 
because  of  a  need  to  immediately  eliminate  a  human  health 
hazard.  The  mechanical  destruction  of  the  nests  was  a 
preventive  measure  of  sorts  in  that  it  was  designed  to  prevent 
reestablishment  of  the  colonies. 

Use  chemical  controls  as  a  last  resort.  Timely  and 
sustained  use  of  nonchemical  techniques  will  significantly 
reduce  the  need  to  resort  to  the  use  of  pesticides.  When, 
however,  as  a  result  of  inadequate  or  improper  nonchemical 
measures  or  as  a  result  of  natural  (or  manmade)  disasters  and 
migrating  pest  invasions,  it  becomes  necessary  to  effect  an 
immediate  reduction  of  pest  populations  by  chemical  means, 
you  should  select  the  chemical  and  method  of  application  that 
will  give  maximum  results  in  terms  of  both  pest  eradication 
and  environmental  protection. 

In  order  for  pesticides  to  be  used  safely  and  effectively, 
they  must  be  selected  on  the  basis  of  the  type  of  pests  and  their 
location.  You  must  be  knowledgeable  of  their  development, 
habitats,  and  feeding  habits.  In  many  situations,  it  is  more 
effective  and  safe  to  control  pests  in  the  larval  stage  because 
they  are  more  susceptible  to  chemicals,  which  requires  less 
chemical  to  control  them.  If  you  know  the  habitats  of  pests, 
you  can  direct  control  efforts  to  specific  areas  instead  of 
having  to  treat  an  entire  are?  just  to  insure  the  pests  are 
affected,  therefore,  reducing  hazards  to  nontai^get  organisms. 

How  pests  feed  is  important  in  the  selection  of  pesticides 
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to  be  used  in  management  programs.  For  chewing  pests, 
stomach  poisons  applied  to  their  food  source  would  probably 
be  more  effective  and  less  hazardous  to  other  organisms  in 
the  area,  especially  those  that  are  not  chewing  organisms; 
thus,  you  reduce  the  hazards  to  nontarget  organisms.  Contact 
poisons  are  very  useful,  and  in  many  cases,  are  required,  but 
they  do  present  more  hazard  to  nontarget  organisms  than  the 
stomach  poisons. 

Now  that  the  common  bases  for  pesticide  selection  have 
been  established,  further  environmental  protection  steps 
must  be  considered.  These  steps  are  diluting  and  applying 
pesticides.  Manufacturers  conduct  extensive  research  at  an 
enormous  expense  to  determine  the  proper  formulation 
strength  application  rates  for  pesticides.  This  data,  along 
with  a  great  deal  of  other  important  information,  as  a  matter 
of  law,  must  be  registered  by  the  Environmental  Protection 
Agency  (EPA)  before  the  product  can  be  marketed.  The 
diluting  and  applying  procedures,  as  well  as  all  use 
restrictions,  are  binding  on  all  users  of  the  product  (including 
Government  agencies).  It  is  most  important,  therefore,  that 
you  strictly  follow  label  instructions.  This  practice  will 
insure  maximum  effectiveness  of  pesticide  applications  and 
minimum  damage  to  the  environment.  Overdoses  of 
pesticides  rarely  provide  an  increased  kill  of  pests.  They  do 
tend  to  needlessly  contaminate  the  environment,  waste 
materials,  and  cause  development  of  pest  populations  that  are 
resistant  to  the  chemical  involved. 


Exercises  (404): 

1 .    List  steps  you  can  take  to  reduce  pesticide  hazards  in  the 
environment. 


2 .    What  is  one  way  to  accurately  determine  F>est  management 
requirements? 


3.    When  should  you  start  applied  pest  management 
programs? 


4.    If  pest  management  programs  arc  needed,  what  controls 
should  you  consider  first? 


5.    Can  preventive  controls  also   serve  as  corrective 
measures? 


6.    Why  are  preventive  controls  normally  preferred  over 
corrective  controls? 


7.    Why  may  you  have  to  begin  chemical  control  programs? 


8.  How  can  you  achieve  maximum  effectiveness  with 
minimum  environmental  hazards  when  you  use 
pesticides? 
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Pesticide  Classification,  Characteristics,  and 

Diluting 


THE  WORD  "pesticide"  has  been  the  subject  of  many 
discussions  for  many  years  and  has  really  been  brought  to  the 
attention  of  the  public  in  recent  years  through  almost  all 
categories  of  news  media.  This  concern  for  pesticides  is 
justifiable  because  most  are  very  toxic,  and  if  not  handled 
properly,  they  can  cause  severe  damage  to  the  environment; 
hov/ever,  if  they  are  handled  responsibly,  they  are  a  great 
asset  to  the  environment. 

In  this  chapter,  commonly  used  pesticides  will  be 
thoroughly  described  and  you  will  become  knowledgeable  of 
how  pesticides  are  classified  and  diluted. 

2-1.  Classifying  Pesticides 

For  you  to  select  the  most  suitable  pesticide  for  the  pest 
you're  managing,  and  to  do  it  properly  and  safely,  a 
knowledge  of  pesticides  is  required.  This  section  will  present 
information  regarding  how  pesticides  are  classified  and  will 
discuss  the  characteristics  of  commonly  used  pesticides. 


405*  Classify  pesticides  in  terms  of  pests  to  be  managed, 
how  they  enter  the  body,  and  the  stage  of  the  pest 
afTected. 


Pesticide  Classification  Methods.  Pesticides  are  generally 
classified  according  to  the  type  of  pest  to  be  managed,  the 
mode  in  which  it  enters  the  body  (or  the  mode  of  action  of 
pesticides  used  to  manage  plants),  and  the  stage  of  the  pest  to 
be  acted  upon. 

Pest  to  be  managed.  The  first  step  taken  in  classifying  a 
pesticide  is  to  determine  what  pests  it  controls.  Until  now, 
almost  all  discussion  pertaining  to  chemicals  has  been 
devoted  to  the  term  "pesticide,*'  but  beginning  here,  we  will 
be  more  technical  by  classifying  a  pesticide  according  to  the 
pest  to  be  controlled. 

As  you  already  know,  a  pesticide  is  a  chemical  designed  to 
kill  pests;  but  if  the  pests  happen  to  be  insects,  then  the 
pesticide  is  classified  as  an  insecticide,  Arach  Acides  are  used 
to  manage  Arachnids  such  as  spiders,  scorpions,  ticks,  and 
mites.  Pesticides  used  to  control  plants  are  classified  as 
herbicides,  and  those  used  to  control  fiingi  are  fiingicides. 
Notice  the  manner  in  which  most  of  the  pesticides  used  for 
managing  each  type  of  pest  begins  with  the  pest  type  and  ends 
with  "cide,"  which  means  "kill,"  as  in  rodenticide,  a 
pesticide  used  to  kill  rodents. 


Stage  of  pest  acted  upon.  The  second  step  in  classifying  a 
pesticide  involves  the  pest  stage  to  be  controlled.  The  stages 
are  the  developmental  proc<!SS  of  certain  insects  and  are 
referred  to  as  egg,  larva,  pupa,  and  adult.  Controls  are 
seldom  directed  toward  the  egg  stage  because  it's  very  hard 
to  locate;  furthermore,  eggs  are  hard  to  penetrate.  The  pupal 
stage  is  also  not  normally  controlled  because  it's  dormant  in 
most  cases.  The  larvae  and  adult  stages  are  the  ones  most 
often  controlled  because  these  are  the  most  damaging  and 
they  are  easier  to  control . 

Using  this  information,  you  can  understand  that 
insecticides  are  identified  as  ovicides,  larvicides,  or  adulticides, 
depending  upon  the  intended  use.  For  example,  if  the  insecticide 
is  to  be  used  for  controlling  the  larval  stage,  the  insecticide 
would  be  further  classified  as  a  larvicide. 

Along  this  same  order,  herbicides  can  be  further  classified 
ai  being  preemergence  or  postemeigence  herbicides.  Preemer- 
gence  herbicides  are  those  designed  to  kill  seeds  and  immature 
stages  of  plants  before  they  break  the  soil.  The  postemeigence 
herbicides  arc  designed  to  kill  gtound  after  the  plant  has  broken 
the  surface. 

Mode  of  entry  or  action.  The  final  step  in  classifying 
pesticides  is  traditionally  done  according  to  the  method  in 
which  it  kills. 

Pesticides  that  are  designed  to  kill  pests  when  taken  into 
the  digestive  system  are  classified  as  stomach  poisons. 
Stomach  poisons  are  applied  directly  to  the  natural  food  of 
pests,  mixed  into  bail  material,  or  sprinkled  over  runways. 
These  poisons  are  very  effective  against  certain  pests  that 
chew,  suck,  and  have  protective  shields;  they  are  generally 
very  toxic  to  humans  and  other  vertebrate  animals. 

Contact  poisons  are  pesticides  that  are  designed  to  kill 
pests  through  absorption.  These  poisons  are  applied  directly 
to  the  pests  or  to  surfaces  the  pests  will  crawl  over.  Contact 
poisons  are  probably  used  more  than  any  other  type  of 
pesticide. 

Respiratory  poisons  are  most  often  referred  to  as 
fiimigants.  These  poisons  are  volatile  chemicals  that  kill  an 
organism  by  entering  through  its  respiratory  system  and  are 
very  useful  in  controlling  pests  that  are  difficult  to  manage  by 
other  methods. 


Exercises  (405): 

1 ,    A  pesticide  that  is  used  to  manage  vegetation  is  classified 
as  a  
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2.  A  pesticide  that  is  used  to  control  the  eggs  of  an  insect  is 
classified  as  an  

3.  A  pesticide  that  kills  an  organism  when  it  is  applied 
directly  to  the  organism  or  when  the  organism  crawls 
into  it  is  classified  as  a  

4.  A  pesticide  designed  to  control  rats  ani   nice  is  a 


5.  The  complete  classification  of  a  pesticic^e  that  is 
designe<l  lO  kill  adult  mosquitoes  when  they  fly  into  it  is 
as  follows:  and  poison. 

6.  A  pesticide  designed  to  kill  a  plant  before  it  breaks  the 
ground  surface  :s  a  

7.  A  pesticide  that  kills  by  ingestion  would  be  classified  as  a 
 poison. 


406.  Distinguish  between  pesticide  toxicity  and  hazard,  state 
how  LD50  is  expressed,  and  define  acute  oral  and  derma] 
LI>50. 


Pesticide  Tbxicity  and  Hazard.  Federal  law  requires  that 
all  manufacturers  of  pesticides  place  accurate  and  complete 
dilution  and  application  instructions  on  their  container 
labels.  This  and  other  information  on  the  labels  must  be  based 
u[\  n  very  extensive  research,  which  in  turn  must  be 
reviewed  and  aoproved  by  the  Environmental  Protection 
Agency  before  the  label  is  registered  for  use.  During  this 
research,  the  manufacturer  must  also  establish  toxicity  levels 
for  the  pesticide  being  tested.  This  is  the  main  topic  of  our 
discussion. 

Comparing  toxicity  and  hazard.  A  number  of  people  tend 
to  use  the  terms  * 'toxicity"  and  ''hazards'*  synonymously 
when  discussing  pesticides.  This  practice  is  erroneous  since 
toxicity  implies  the  ability  of  a  compornd  to  cause  death  or 
injury,  whereas  hazard  implies  the  likelihood  that  the 
compound  will  cause  death  or  injur>'  in  a  given  situation. 
"Tbxicity,"  therefore,  represents  a  fixed  quantity,  and 
"hazard"  represents  a  variable  quantity.  For  example, 
consider  sodium  monoflc»uroacetate  (Compound  1080).  This 
is  an  extremely  deadly  rodenticide  ij  lat  is  capable  of  causing 
death  in  warm-blooded  mammals  when  ingested  in  rather 
minute  quantities.  It  is  an  extremely  toxic  compound  whether 
locked  in  a  steel  vault  or  placed  on  a  kitchen  table  where  small 
children  arc  present.  The  toxicity  of  the  compound  does  not 
vary,  regardless  of  its  location.  However,  when  the 
compound  is  left  on  a  kitchen  table  in  the  presence  of  small 
children,  it  presents  an  infinitely  greater  hazard  than  when 
locked  in  a  steel  vault.  In  addition  to  the  hazard  to  human 
beings,  the  hazard  to  other  desirable  animal  and  plant  forms 
must  be  considered  when  selecting  and  applying  pesticides. 
This  can  be  a  complicated  process  because  many  pesticides 
with  a  low-manunalian  toxicity  arc  extremely  toxic  to 
cold-blooded  animals  and  vice  versa.  All  these  hazards  can 
be  minimized  or  eliminated  by  adhering  to  label  instructions 
and  practicing  safety  when  handling  or  applying  pesticides. 

Determining  and  expressing  LDSO  values.  Ibxicity  of 
pesticides  is  based  principally  upon  the  results  of  laboratory 
tests  wherein  rats,  mice,  and  rabbits  are  exposed  to  carefully 
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measured  doses  of  pesticides.  These  animals  are  used 
because  their  bodies  function  much  in  the  same  way  as  human 
bodies.  Test  animals  in  the  laboratory  environment  are 
carefully  examined  before  the  test  to  insure  that  all  body 
functions  are  normal  and  that  they  are  healthy  animals.  The 
ultimate  objective  of  these  tests  is  to  determine  the  amount  of 
pesticide  that  is  lethal  to  50  percent  of  the  test  group  of 
animals.  The  figure  is  expressed  as  milligrams  of  toxicant 
necessary  to  kill  1  kilogram  of  body  weight  (mg/kg/). 

Relationship  of  LDSO  values  and  pesticide  classification. 
LDSO  values  are  useful  in  classifying  pesticides  into  groups 
according  to  their  relative  toxicities  as  follows:  Highly  toxic  =  0 
to  50  mg/kg,  moderately  toxic  =  50to500  mg/kg,  slightlytoxic 
=  500  to  5,000  mg/kg  and  relatively  nontoxic  =  5,000 
-f  mg/kg. 

As  you  can  see,  the  lower  the  numbers,  the  more  toxic  a 
pesticide  is.  This  is  because  a  lower  number  indicates  that  a 
smaller  amount  of  toxicant  is  required  to  cause  death. 

Toxicity  is  usually  expressed  in  terms  of  exposure  routes. 
The  two  common  terms  are  "oral  toxicity,"  which  relates  to 
ingestion  of  the  toxicant  by  mouth  and  "dennal  toxicity," 
which  relates  to  absorption  of  the  toxicant  through  the  skin. 
Dermal  toxicity  values  are  based  upon  the  quantity  of 
toxicant  that  will  kill  50  percent  of  the  test  animals  when 
absorbed  through  the  unabraded  skin.  Oral  and  dennal 
toxicities  of  a  given  toxicant  are  rarely  identical.  Usually, 
dermal  exposure  is  less  hazardous  than  oral  exposure. 
However,  some  chemicals  arc  almost  as  dangerous  when  left 
in  contact  with  the  skin  as  they  arc  when  ingested,  and  in  no 
case  should  any  toxicant  be  left  in  contact  with  the  skin, 
especially  if  the  toxicant  is  in  its  concentrated  form. 

It  is  apparcnt  that  the  traditional  practice  of  environmental 
exploitation  must  now  be  modified.  From  the  beginning  of 
time  until  very  recently,  humans  have  pursued  socioeconomic 
endeavors  on  the  premise  that  the  Earth's  natural  resources 
were  inexhaustible  and  that  the  earthy  environment  was 
indestructible  and,  in  fact,  inalterable  at  their  hands.  Now, 
largely  due  to  the  burgeoning  world  population  and  rapidly 
advancing  industrialization,  we  have  been  compelled  to  face 
the  stark  reality  of  natural  resource  depletion  and 
increasingly  harmful  environmental  pollution. 

This  text  has  discussed  the  interdependence  of  all 
elements,  living  and  nonliving,  in  our  environment.  Human 
beings  are  an  integral  part  of  this  environment  and  arc  just  as 
dependent  on  the  other  elements  of  the  environment  as  any 
other  organism.  Therefore,  in  order  to  insure  our  own 
continued  existence  and  state  of  well-being,  we  must  not 
commit  acts  that  could  ultimately  result  in  the  destruction  of 
any  essential  element  of  our  environment. 

We,  as  pest  managers,  have  a  great  responsibility  resting 
on  our  shoulders.  As  you  have  seen,  pesticides  arc  an 
essential  tool  in  the  control  of  medically  and  economically 
important  pests,  and  will  remain  so  for  the  foreseeable 
future.  We  also  demonstrated,  on  the  other  hand,  that  the 
improper  and  indiscriminate  use  of  pesticides  can  exert  a 
very  destructive  influence  on  our  environment.  It  is  our 
responsibility  to  use  pesticides  only  to  the  extent  necessary 
and  to  insure  that  we  use  them  in  such  a  way  as  to  prevent 
unnecessary  deleterious  effects  on  the  environment.  We 
must  make  the  greatest  possible  use  of  nonchcmical  methods 
to  manage  pest  populations. 
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Exercises  (406): 
1 .    Define  hazard. 


2.    Define  toxicity. 


3 .    Explain  what  the  term  '  'LD50' '  means. 


4.    How  is  LD50  expressed? 


5.    What  is  the  main  difference  between  oral  and  dermal 
toxicity?  Which  is  more  toxic? 


2-2.  Pesticides  for  Controlling  Arthropods 

This  is  the  first  of  several  lessons  you'll  study  to  learn 
about  classes  of  pesticides  and  how  they  are  used.  In  later 
sections,  you'll  read  about  rodenticides,  .'ovicides  (pesticides 
for  controlling  birds),  herbicides,  and  turf  fungicides. 

In  this  section,  you'll  learn  about  maiiy  of  the  classes  of 
pesticides  used  to  control  arthropods.  These  classes  include 
organophosphates,  organic  sulfers  (carbamates),  oi^Eino- 
chlorines  (chlorinated  hydrocarbons),  insecticidal  fiunigants, 
biological  pesticides,  and  various  other  insecticides. 


407.  Specify  characteristics  of  organophosphate  com- 
pounds, and  identify  various  organophosphate  compounds 
with  their  appropriate  uses. 


Oi^anophosphates.  These  compounds  are  synthetically 
produced,  basically  derived  from  phosphoric  acid,  and  are 
characterized  by  their  similar  structure  and  mode  of  action. 
All  of  them  work  as  inhibitors  of  the  enzyme  cholinesterase. 

In  the  early  1970s,  the  organophosphate  insecticides 
played  much  the  same  role  in  controlling  arthropods  of 
medical  importance  as  did  the  chlorinated  hydrocarbons 
(oi^ganochlorines)  from  the  middle  1940s  to  the  middle 
1960s.  The  organophosphates  have  almost  completely 
replaced  the  chlorinated  hydrocarbons  as  the  pesticides  of 
choice,  because  they  are  effective  against  msect  resistant  to 
the  organochlorine  compounds  and  they  are  biodegradable; 
therefore,  they  do  not  contaminate  the  environment  for  very 
long  and  have  less  long-lasting  effects  on  nontarget 
organisms. 

The  greatest  disadvantage  of  organochlorine  compounds 
from  the  medical  standpoint  is  that  they  are  accumulative  in 
the  body  of  humans.  These  compounds  will  not  dissipate 
through  the  functions  of  the  normal  body  system  after  a  short 
time  as  compared  to  other  pesticide  groups. 

Afalathion.  Malathion  is  one  of  the  safest  and  most  useful 
of  insecticides ,  being  a  far  less  active  cholinesterase  inhibitor 
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than  most  other  common  organic  phosphates.  It  has  less 
adverse  effect  upon  the  natural  habitat  than  more  persistent 
insecticides  and,  in  general,  has  replaced  DDT  as  the  most 
commonly  used  chemical  for  killing  adult  mosquitoes, 
bedbugs,  and  human  lice. 

Tbchnical  grade  malathion  is  a  clear  amber  fluid  that  can 
be  incorporated  into  solutions,  emulsifiable  concentmtes, 
dusts,  and  wettable  powders.  The  odor-causing  impurities 
have  largely  been  removed  in  present-day,  premium  grade 
materials.  Malathion  is  registered  for  the  control  of  more 
than  100  sp>ecies  of  insects  and  is  a  standard  stock  item  within 
the  Air  Force  inventory. 

Residual  application  of  malathion  to  surfaces  at  a  rate  of 
100  to  200  milligrams  per  square  foot  (standard  applications 
of  1  to  2  gallons  of  2.5  to  5  percent  sprays  are  1,000  square 
feet)  has  effectively  killed  mosquitoes  for  3  to  5  months. 
When  used  as  a  mist  in  space  spraying,  excellent  mosquito 
kills  have  been  obtained.  Ultralow  volume  space  application 
of  malathion  with  ground  or  aerial  equipment  has  resulted  in 
spectacular  control  of  mosquitoes  in  many  areas. 

Dichlorvos.  Dichlorvos  (DDVP  or  Vapona)  was  synthe- 
sized and  tested  by  research  workers  at  the  Center  for  Disease 
Control.  It  differs  from  most  other  insecticides  in  that  it  can 
be  incorporated  into  resin  strips  or  pellets,  to  give  off  toxic 
vapors  for  up  to  4  months,  and  be  used  as  a  residual 
fiimigant.  DDVP  resin  strips,  a  standard  stock  item,  are  sold 
commercially  and  used  by  the  general  public  to  control 
coc;kroaches,  ants,  spiders,  clothes  moths,  silverfish,  and 
many  other  household  insects.  The  Air  Force  uses  these 
strips  for  inclusion  into  retrograde  cargo. 

Dichlorvos  emulsions  can  be  used  as  residual  sprays  or  as 
space  sprays  for  controlling  pests  such  as  bedbugs,  biting 
midges,  mosquitoes,  and  stored  products  pests. 

Dimeihoaie.  Dimethoate  (Cygon)  has  been  proven 
effective  as  a  space  spray  and  larvicide  in  controlling  flies. 
As  a  residual  spray,  it  is  effective  in  controlling  most 
common  fly  species  except  the  housefly,  although  it  is 
recommended  for  controlling  housefly  larvae.  Other  uses  of 
Dimethoate  allowed  by  the  Air  Force  are  for  controlling 
spider  mites  and  scale  insects.  This  compound  is  a 
nonstandard  stock  item  and  must  be  obtained  through  local 
purchase. 

Naled.  This  chemical  (Dibrom)  is  closely  related  to 
DDVP  in  terms  of  its  molecular  structure.  It  is  a  contact  and 
stomach  poison.  This  material  is  generally  used  in  space 
sprays  for  control  of  adult  mosquitoes  and  flies  at  application 
rates  of  from  0.02  to  0. 1  pound  per  acre,  significantly  lower 
dosages  than  arc  used  with  malathion  for  mosquito  control. 
Naled  aerial  applications  are  reported  to  provide  better 
adult  fly  control  than  malathion,  a  factor  of  some  importance 
in  vector  control  in  disaster  or  flooded  areas.  Naled  is 
approved  for  aerial  ultralow  volume  (ULV)  application  and 
has  provided  excellent  control  of  flies  and  mosquitoes  in 
many  areas.  It  is  also  used  as  a  bait  or  spot  treatment  for 
houseflies  out-of-doors.  It  is  sometimes  irritating  to  people, 
causing  them  to  cough  and  sneeze,  thus  limiting  its  usefulness 
in  populated  areas.  Naled  can  cause  corrosion  of  insecticidal 
equipment,  and  requires  special  cleaning  precautions  or  the 
use  of  special  materials  such  as  stainless  steel,  plastic,  or 
fiberglass. 

Naled  must  be  used  with  care  to  avoid  hazards  to  fish  and 


wildlife,  although  it  breaks  down  chemically  within  a  few 
days  after  application.  It  has  moderate  toxicity  to  humans. 
You  can  obtain  naled  as  a  standard  stock  item. 

Thchlorfon.  TVichlorfon  (Dipterex)  is  approved  for  use 
by  the  Air  Force  only  in  the  treatment  for  white  grubs  on  golf 
courses,  parks,  ornamental  turf,  and  cemeteries;  however,  it 
is  a  nonstandard  stock  item  and  must  be  ordered  through  local 
purchase. 

When  used  with  normal  precautions,  trichlorfon  creates  a 
very  low  toxic  hazard  to  msect  controllers  and  the  public.  It 
should  not  be  mixed  with  malathion,  because  the  resultant 
mixture  is  more  toxic  to  mammals  than  either  of  the  chemicals 
used  separately. 

Abate.  Abate  is  very  effective  as  a  mosquito  larvicide  but 
not  as  an  adulticide.  Its  extremely  low  toxicity  to  mammals, 
birds,  and  fish,  plus  its  high  toxicity  to  mosquito  larvae  make 
it  very  effective  for  mosquito  control.  Abate  may  be  applied 
by  ground  or  aerial  equipment. 

The  1 -percent  Abate  sand  formulation  has  been  used  in 
Aedes  aegypti  eradication  programs  at  the  rate  of  one-tenth 
teaspoonful  per  gallon  of  water,  or  approximately  one  part 
per  million  of  actual  toxicant.  Lxx)k  at  this  rate  for  the 
treatment  of  birdbaths,  animal  drinking  containers,  and 
drums  of  rainwater.  Because  rainwater  is  often  used  for 
drinking  or  cooking  in  Puerto  Rico  and  the  Virgin  Islands,  a 
careful  evaluation  of  Abate  was  made  for  4  weeks  without 
clinical  symptoms  or  side  effects  attributable  to  Abate  and 
without  detectable  effect  on  red  blood  cell  or  plasma 
cholinesterase. 

Diazinon.  Diazinon  is  authorized  and  widely  used  by  Air 
Force  personnel  in  controlling  cockroaches,  silverfish,  fleas, 
spiders,  and  many  other  household  pests.  It  is  more  toxic  to 
humans  than  malathion;  therefore,  only  the  0.5-percent 
spray  and  1 -percent  dust  are  used.  Pyrethrins  or  dichlorvos 
may  be  added  to  diazinon  sprays  to  provide  a  rapid 
knockdown  or  a  flushing  of  cockroaches,  thus  producing  a 
more  effective  kill. 

Dilute  spray  solutions  not  more  than  24  hours  before  use. 
The  solvent  used  in  formulations  may  stain  certain  plastic, 
rubber,  and  asphalt  materials  such  as  tiles  and  floor 
coverings.  Use  dust  applications  to  supplement  spray 
applications  for  more  complete  coverage. 

Chlorpyrifos.  Chlorpyrifos  (Dursban)  acts  as  a  contact 
insecticide  and  stomach  poison  with  some  fiimigant  action  in 
field  formulations.  It  has  proved  effective  in  controlling  a 
wide  variety  of  arthropod  pests.  The  0.5-percent  spray  of 
chlorpyrifos  has  given  longer  periods  of  control  of 
cockroaches  in  some  experiments  than  either  diazinon  or 
propoxur. 

In  mosquito  control,  it  has  shown  promise  as  a  larvicide 
and  adulticide.  It  is  highly  toxic  to  mosquito  larvae,  with  an 
LD95  value  of  4.5  parts  per  billion  against  Aedes  aegypti. 
Dursban  is  effective  against  culex  larvae  in  polluted  waters. 
It  has  also  been  used  as  a  prehatch  treatment  to  control 
temporary  pool  mosquito  larvae.  For  example,  Aedes  vexans 
larvae  were  controlled  in  Minnesota  where  it  was  effective 
for  periods  of  more  than  60  days.  Although  Dursban  was  not 
labeled  for  ULV  application  with  ground  or  aerial  equipment 
as  of  February  1973,  experimental  work  with  backpack  ULV 
sprayers  in  Minnesota  gave  a  good  reduction  of  aedes 
mosquitoes. 


Since  Dursban  is  slow  acting  against  many  insects, 
dichlorvos  or  pyrethrins  may  be  added  to  sprays  to  give  a 
rapid  knockdown.  Mixtures  of  0.5  percent  Dursban  with  0,5 
percent  pyrethrins  or  0.5  percent  DDVP  produced  rapid 
knockdown  of  cockroaches  an^^  100  percent  mortality  in 
laboratory  tests.  It  is  less  expensive  to  use  0.5  percent 
dichlorvos  than  the  higher  concentration  of  Dursban, 

Dursban  is  moderately  toxiv  to  warm-blooded  animals. 
Heavy  application  of  0.5  percent  emulsions  and  suspensions 
in  Aedes  aegypti  larviciding  has  decreased  the  plasma 
cholinesterase  level  in  applicators. 

Propetamphos.  Propetamphos  (Safrotin)  is  a  moderately 
toxic  contact  insecticide  with  some  stomach  activity.  You 
can  use  it  to  control  several  insect  pests  such  as  cockroaches, 
ants,  crickets,  firebrats,  silverfish,  carpet  beetles,  pantry 
pests,  and  others.  Permitted  application  areas  include  homes, 
stores,  warehouses,  schools,  hospitals,  industrial  buildings, 
trucks,  and  other  areas.  You  can't,  however,  apply  it  in 
restaurants,  dining  halls,  and  other  areas  where  food  is 
processed  or  prepared.  In  household  kitchens,  apply 
prof)etamphos  only  as  a  crack  and  crevice  or  spot  treatment. 
Don't  use  it  as  a  space  spray. 

In  recommended  dilutions,  propetamphos  is  a  low-odor 
insecticide,  is  nonstaining,  and  won't  harm  or  cause  damage 
to  fabrics,  plastics,  paints,  or  other  surfaces  that  can't  be 
damaged  by  the  carrier  (water  or  oil).  It's  available  as  an 
emulsifiable  concentrate  or  wettable  powder. 


Exercises  (407): 

1 .    From  what  material  are  organophosphates  derived,  and 
how  do  they  work? 


What  two  advantages  do  organophosphate  compounds 
have  over  chlorinated  hydrocarbons? 


3.    Match  the  organophosphate  compounds  in  column  B 
with  their  described  uses  in  column  A. 


Column  A 

_(1 )  Very  effective  as  a  mosquito  larvi- 
cide, but  not  as  an  adulticide. 

_(2)  Widely  used  by  AF  personnel  to 
manage  cockroaches. 

_(3)  Authorized  for  AF  use  to  control 
spider  mites  and  scale  insects,  if 
the  label  so  states. 

_(4)  Widely  used  to  control  mosquitoes 
using  ultralow  volume  equipment. 

_(5)  A  moderately  toxic  contact  and 
stomach  pesticide  labeled  for  use 
in  many  arcas  except  food-handling 
areas  for  cockroach  and  other  pest 
control. 

_(6)  AF  approved  for  controlling  white 
grubs  on  airfields;  it  should  not  be 
mixed  vvith  malathion  because  of 
increased  mammalion  toxicity. 

__(7)  Acts  as  a  contact  and  stomach 
poison  with  some  fumigant  action 
in  field  formulations. 


Column  B 

a.  Malatnion. 

b.  Dichlorvos. 

c.  Dimethoate. 

d.  Naled. 

e.  THchlorfon. 

f.  Abate. 

g.  Diazinon. 

h.  Chlorpyrifos. 

i.  Propetamphos. 
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Column  A 

.(8)  Can  be  used  as  a  residual  fumigant 
in  resin  strips  or  pellets  to  control 
flying  insects  for  up  to  4  months. 

«(9)  A  contact  and  stomach  p>oison 
offering  better  adult  fly  control 
than  malathion,  and  requiring 
lower  application  rates. 


408.  Specify  characteristics  of  and  safety  precautions  for 
various  carbamate  compounds,  and  identify  them  with 
their  appropriate  uses. 

Organic  Sulfurs  (Carbamates).  Partly  because  of  in- 
creased environmental  awareness,  oiganic  sulfur  confipounds 
are  being  used  more  often  due  to  their  rapid  breakdown 
within  the  environment.  Common  organic  sulfur  compounds 
used  on  Air  Force  installations  are  carbaryl,  propoxur, 
SMDC  and  bendiocarb. 

The  carbamates  arc  derivatives  of  carbamlc  :^id.  Typical 
carbamates  contain  nitrogen,  but  differ  from  the  chlorinated 
hydrocarbons  and  organophosphate  insecticides  in  their  lack 
of  chlorine  and  phosphorus.  Most  carbamates  are  contact 
insecticides,  lowering  the  cholinesterase  level  and  acting  as 
nerve  poisons  in  much  the  same  manner  as  organophosphate 
insecticides.  A  number  of  carbamates,  such  as  cp.rbaryl, 
produce  a  rapid  knockdown  of  insects  similar  to  the  action  of 
pyrethrum. 

Carbaryl.  Carbaryl  (Sevin)  is  widely  used  in  Air  Force 
pest  management  programs  to  control  a  variety  of  pests.  It 
has  a  low-manmialian  toxicity  but  is  highly  toxic  to  honey 
bees.  Carbaryl  dusts  are  used  at  2  to  5  percent  concentrations 
to  kill  fleas  on  dogs,  cats  (except  kittens,  and  puppies  under  4 
weeks  of  age).  Since  the  restrictions  on  the  use  of  DDT  in  the 
United  States,  carbaryl  dust  has  been  one  of  the  insecticides 
of  choice  to  kill  the  Oriental  rat  flea  in  murine  typhus  control 
programs  and  wild  rodent  fleas  in  rural  plague  control 
programs.  Carbaryl  sprays  and  dusts  have  been  used  to 
control  adult  mosquitoes.  Very  finely  powdered  carbaryl 
combined  with  other  insecticidal  dusts  have  been  used 
effectively  in  aircraft  disinsection.  This  conipound  is  prob- 
ablv  most  often  used  in  controlling  ornamental  and  turf  pests 
and  can  be  mixed  with  a  variety  of  non-alkaline  turf,  fungi- 
cides, such  as  maneb,  thiram,  ziram,  zineb,  and  mancozeb. 

PropoxuK  Propoxur  (Baygon)  acts  both  as  a  stomach 
poison  and  contact  insecticide.  In  cockroach  control,  the 
2-percent  bait  acts  as  a  stomach  poison,  while  the  1-percent 
spray  acts  as  a  long-lasting  residual  contact  insecticide. 
Propoxur  differs  from  many  other  insecticides  in  having  a 
* 'flushing  action, ' '  or  irritating  quality  that  forces  insects  out 
from  hiding  places  to  make  greater  contact  with  sprayed 
surfaces.  It  also  has  a  rapid  knockdown  action.  In  some 
areas,  staining  and  odor  problems  have  been  noted  following 
applications.  iPropoxur  is  also  used  in  controlling  mosquitoes, 
flies,  sandflies,  ants,  earwigs,  and  many  other  arthropods.  In 
residual  applications,  it  is  effective  in  controlling  the  brown 
dog  tick,  but  propoxur  should  not  be  used  in  trxjating  animals 
themselves.  Propoxur  is  a  cholinesterase  inhibitor  and  must 
be  used  with  carc  despite  its  moderate  toxicity  to  mammals. 

Bendiocarb.  Bendiocarb  (Ficam)  is  a  ready-to-use 
inst  "icidal  product  that  gives  effective  control  of  several 


indoor  and  outdoor  pests.  The  lists  of  pests  controlled 
includes  cockroaches,  wood-destroying  pests,  venomous 
pests,  stored-product  pests,  fleas,  ticks,  and  fire  ants.  It's 
formulated  as  a  76  percent  wettable  powder  for  dilution  in 
water  to  give  a  .25-percent  or  .50-percent  suspension,  as  a 
I -percent  ready-to-use  dust,  as  a  wettable  powder  including 
synergized  pyrethrins,  and  as  a  25-percent  oil  suspension  for 
ULV  application. 

Bendiocarb  shares  some  characteristics  with  propetaniphos 
in  that  it  is  low  in  odor  and  doesn't  harm  surfaces  that  aren't 
damaged  by  water. 

Store  this  product  in  a  cool,  dry  location  away  from 
pesticides  with  strong  odors  that  may  be  absorbed.  Keep  it 
away  from  heat  sources,  since  bendiocarb  gives  off  methyl 
isocyanate  fumes  when  heated. 

The  acute  oral  toxicity  of  carbamates  is  high ,  but  the  acute 
dermal  toxicity  is  low;  however,  as  in  all  cases,  when 
handling  any  pesticide,  you  must  wear  protective  clothing 
and  equipment  and  observe  the  rule  of  no  smoking,  eating,  or 
drinking  while  handling  these  compounds. 

NOTE:  SMDC  is  a  carbamate  used  as  a  fumigant; 
therefore,  it  will  be  discussed  later  within  this  section  along 
with  other  fumigant  compounds. 


Exercises  (408): 

1 .    Why  are  carbamates  being  used  more  extensively? 


In  what  ways  are  carbamate  insecticides  similar  to  the 
organophosphates? 


3. 


What  are  the  oral  and  dermal  toxicity  characteristics  of 
carbamates? 


What  safety  precautions  must  you  take  when  handling 
carbamates? 


Match  the  carbamate  compounds  in  column  B  with  theii 
appropriate  descriptions  in  column  A.  Items  in  column  B 
may  be  used  more  than  once. 


Column  A 

-(1)  May  cause  staining  and  odor 
problems  in  some  areas. 

-(2)  Compatable  with  several  fungi- 
cides. 

-(3)  Should  never  be  stored  near  pesti- 
cides with  strong  odors. 

_(4)  Has  replaced  DDT  in  cont  ro- 
grams  for  fleas  that  trrinsn..!  dis- 
eases. 

_(5)  Diluted  in  water,  it's  applied  as  a 
.25-percenlor  .50-percent  suspen- 
sion. 

,(6)  Has  a  flushing  action  and  rapid 
knockdown  action. 


Column  B 

a.  Cartaryl. 

b.  Pmp>oxur. 

c.  Bendiocarb. 
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409.  Cite  characteristics,  uses,  and  safety  precautions  for 
various  oi^anochlorine  compounds. 


How  is  chlordecone  used? 


Organochlorines  (Chlorinated  Hydrocarbons).  Organo- 
chlorines  are  organic  synthetically  produced  compounds  that 
contain  chlorine,  hydrogen,  and  carbon  elements,  with  Gome 
containing  other  elements  such  as  oxygen  and  sulfur.  These 
compounds  are  very  persistent  and  contributed  immensely  to 
the  concern  over  pesticide  use  you  learned  about  earlier. 
Because  of  this,  most  organochlorine  formulations  have  been 
classified  as  restricted  use  pesticides,  which  means  that  they 
can  only  be  used  in  specific  situations  and  by  certified  jHjr- 
sonnel  or  personnel  under  their  direct  supervision. 

There  are  three  organochlorine  compounds  commonly 
used  by  Air  Force  personnel:  chlordane,  chlordecone,  and 
pentachlorophenol . 

Chlordane.  Chlordane  is  a  pale  amber,  oily  fluid  that  can 
be  dissolved  in  many  solvents — but  not  in  water — to  produce 
oil  solutions  or  emulsifiable  concentrates.  Chlordane  acts  as 
a  stomach  poison,  contact  insecticide,  and  fiimigant.  Because 
of  its  volatility,  and  other  potentially  hazardous  characteristics, 
chlordane  can  be  used  only  under  buildings  for  treatment  of 
termites. 

Chlordecone.  Chlordecone  (Kepone)  is  a  chlorinated 
polycyclic  ketone  compound.  It  is  used  as  a  stomach  poison 
to  control  ants  and  cockroaches  and  is  prepared  in  bait 
material  such  as  peanut  butter. 

This  poison  bait  must  not  be  used  in  places  that  are 
accessible  to  children  and  pets,  since  it  is  very  toxic  to 
mammals.  Always  handle  with  rubber  gloves  or  equivalent 
I  type  and  avoid  contamination  of  otht,r  tbod  and  water 
t;ources.  Adhere  to  ths  no  smoking,  eating,  and  drinking 
pesticide  rule  while  handling  chlordecone. 

Pentachlorophenol.  Pentachlorophenol  is  a  highly  toxic 
chemical  used  to  protect  wood  from  attack  by  termites,  fungi, 
and  lyctus  beetles.  It's  highly  irritating  to  the  skin  and  eyes 
and  must  be  handled  with  care.  It's  available  as  an  oil  solution 
and  as  creamy  emulsion  paste  that  releases  the  preservative 
into  the  wood  slowly,  thus  providing  good  penetration.  It's 
also  available  as  a  water  soluble  salt,  sodium  pentachloro- 
phenate. 

Exercises  (409): 

1 ,    Why  are  most  organochlorine  pesticides  for  restricted 
use  only? 


2.    For  what  purpose  may  you  use  chlordane? 


3.    What  modes  of  action  does  chlordane  have? 


4.    What  personal  safety  precautions  must  you  observe 
when  using  chlordecone? 


6.    How  is  pentachlorophenol  used? 


7.    In  what  formulations  is  pentachlorophenol  available? 


410.  Identify  various  insecticidal  fumigants  with  their 
described  characteristics  and  uses. 

Insecticidal  Fumigants.  Fumigants  are  gases  designed  to 
kill  cells  and  tissues  of  plant  and  animal  matter  by  penetrating 
the  dermal  wall  and  respiratory  process.  These  gases  are 
dispersed  in  molecular  form,  which  provides  thorough  and 
rapid  penetration.  Fumigants  may  be  obtained  in  solid, 
liquid,  and  gaseous  forms.  Regardless  of  what  form  the 
fumigant  is  obtained  in,  the  end  result  will  be  in  gaseous  form 
once  it  is  released. 

All  modem  fumigants  that  produce  effective  control  of 
pests  are  also  toxic  to  man.  Therefore,  every  fiimigator  must 
receive  thorough  training,  must  be  provided  with  proper 
equipment,  and  must  understand  the  hazards  associated  with 
the  ftimigants  he  or  she  uses. 

Naphthalene.  This  common  household  fumigant  is 
obtained  by  the  distilling  of  coal  tar.  The  product  is  marketed 
as  mothballs  or  flakes  and  is  used  by  the  Air  Force  in 
controlling  bats.  Naphthalene  has  proven  to  be  an  excellent 
repellent  for  squirrels,  skunks,  and  rats  in  inclosed  spaces. 
It's  also  effective  in  small  spaces  for  repelling  clothes  moths, 
but  odors  last  a  long  time.  It  has  therefore  been  replaced,  to  a 
large  extent,  by  paradichlorobenzene,  a  fumigant  that  has  a 
more  pleasant  odor. 

Paradichlorobenzene  (PDB).  This  is  a  crystalline  solid 
commonly  used  in  deodorant  cakes  and  mothballs,  and  is 
used  primarily  for  ^  *cting  woolens,  fiirs,  and  insect 
collections  from  insect  a;;ack,  and  as  a  masking  deodorant  in 
such  places  as  public  restnx)ms.  The  odor  of  PDB  is  not  as 
persistent  as  that  of  napthalene,  so  it  is  more  suitable  *or  use 
when  storing  clothing. 

Methyl  bromide.  This  is  a  heavy  (heavier  than  air), 
odorless,  and  nonflammable  gas  fumigant.  It  is  used  for 
fumigating  structures  in  treating  for  dry-wood  termites. 
Other  methyl  bromide  uses  include  fumigating  for  clothes 
moths  and  carpet  beedes  and  also  as  a  herbicidal  fumigant. 

As  a  herbicidal  fumigant,  it  is  used  as  a  preplant  herbicide 
to  kill  seeds  and  ..an  be  used  to  control  nematodes  and  soil 
fungi.  It  is  especially  good  as  a  herbicidal  fumigant  because 
of  its  heavy  properties  that  allow  it  to  remain  on  the  ground 
instead  of  rising. 

Since  methyl  bromide  is  odorless,  chloropicrin  is  added  to 
provide  a  warning  agent. 

Dichlorvos.  This  compound  was  previously  discussed  in 
this  section  under  the  subject  of  organophosphates.  It  does 
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serve  as  a  fiimigant  and  is  authorized  for  use  by  the  Air  Force 
when  placed  within  retrograde  cargo. 

3ulfuryl  fluoride.  This  fumigant  (vikane)  is  used  in 
fumigating  structures  for  dry-wood  termites.  This  is  a  liquid 
compound  that  is  stable,  odorless,  nonflammable^ 
nonexplosive,  noncorrosive,  and  shows  rapid  penetration 
and  may  eventually  replace  methyl  bromide  since  it  is  more 
toxic  to  dry- wood  termites. 

Aluminum  phosphide.  This  is  one  of  the  newest 
compounds  used  as  a  fumigant.  The  ftimigant  is  actually 
hydrogen  phosphide,  which  is  a  gas  released  by  aluminum 
phosphide.  It  is  used  primarily  for  intransit  freight  car 
fumigation  to  rid  processed  nonperishable  subsistence  items 
of  stored-products  pests.  This  compound  can  be  obtained  in 
pellet,  tablet,  and  powdered  forms  and  is  authorized  for  use 
by  military  personnel  in  fumigating  foi  btorcd-products 
pests,  which  is  done  !jy  the  inplace  atmosphere  fumigation 
method. 

ruummum  pnosphide  has  a  very  rapid  molecular  action, 
is  corrosive  to  gold,  and,  in  its  pure  state,  is  highly  explosive 
when  exposed  to  the  atmosphere;  but  commercial  forms  have 
been  developed  with  a  cooling  agent  and  protective  layer  to 
retard  rapid  decomposition  caused  by  exposure  to  air. 

Although  this  compound  is  considered  to  be  the  safest 
fumigant  available,  protective  clothing  and  equipment  still 
must  be  worn  when  entering  or  cleaning  a  freight  car  of  stack 
that  is  under  fumigation.  The  advantages  of  this  fumigant  is 
the  intransit  fumigation  ability  and  the  fact  that  stocks  can  be 
fumigated  under  cover  within  a  building  that  is  occupied  by 
other  personnel. 

All  fiimigants  are  toxic  to  all  forms  of  life,  and  you  must 
use  them  with  extreme  caution.  Always  wear  protective 
clothing  and  equipment.  Gas  masks  with  appropriate 
cannisters  for  the  type  of  fumigant  being  used  must  be  worn 
and  precautions  must  be  taken  to  avoid  explosions  and  fires. 
The  area  being  fumigated  must  be  adequately  and  readily 
identified  by  posting  warning  signs,  and  in  most  cases  the 
areas  must  be  sealed  off  to  keep  individuals  away. 

Exercise  (410): 

1,    Match  the  fumigant  in  column  B  with  the  appropriate 
characteristic  or  use  in  column  A. 

Column  A  Column  B 
 (1)  Crystalline  solid  commonly  used       a.  Napthalene. 

in  deodorant  cakes  and  mothballs.        b.  PDB. 
 (2)  Very  safe  ftimigant  usable  in  occu-       c.  Methyl  bromide. 

pied  buildings  for  stack  fumigation        d.  Dichlorvcs. 

of  stored  foods.  e.  Sulfury!  fluoride 
 (3)  Effective  in  small  spaces  for  a-c;-        f.  Aluminum  phosphide. 

pelling  clothes  moths,  but  xior 

lasts  a  long  time. 
 (4)  Used  for  fumigating  buildings  io\ 

dry-wood  termites,  is  mon:  toxic  to 

them  than  methyl  broitiidc. 
 (5)  This  ncnflammable  gai  may  be 

used  as  a  herbicidal  fiimigh:^*. 
 (6)  This  chemical  is  approved  tor  .A.ir 

Force  use  in  fumigating  retro- 
grade cargo. 

411.  Differentiate  between  various  miscellaneous  pesti* 
cides  and  their  characteristics. 
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Miscellaneous  Pesticides.  In  addition  to  the  classes  of 
pesticides  youVe  learned  about,  there  are  other  important 
chemicals  of  which  you  should  be  aware.  These  pesticides,  in  A 
a  variety  of  chemical  classes,  are  the  subject  of  this  lesson.  \ 

Pyrethrum.  Pyrethrum  is  a  pyrethroid  derivative  of  a 
flower  that  is  one  of  the  chrysanthemums.  As  an  extract,  it  is 
a  dark  syrupy  liquid  that  must  be  purified  and  standardized 
for  insecticidal  use.  It  is  available  in  a  variety  of  concentra- 
tions: as  a  concentrate  in  both  oil  solutions  and  emulsifiablc 
concentrates  and  also  as  a  dust.  It  is  actually  a  mixture  of  four 
toxic  chemicals.  On  insecticide  labels,  these  are  group^ed  and 
referred  to  collectively  as  pyrethrins.  The  pyrethrins  com- 
prise a  chemically  unstable  group  that  accounts  for  their 
short  residual  effectiveness.  Pyrethrum  is  frequently  com- 
bined with  other  chemicals  that  act  as  synei^ists  to  increase 
its  effectiveness.  Pyrethrum  is  quick  acting  and  thus  an 
excellent  knockdown  insecticide,  but  it  does  not  always  kill 
all  of  the  insects  it  knocks  down.  Its  action  is  very  irritat- 
ing to  insects  and  it  is  frequently  used  by  the  pest  control 
specialist  to  flush  out  insects  in  hidden  cracks  and  crevices. 
The  acute  oral  LD50  of  pyrethrins  is  1,800  mg/kg,  a  rela- 
tively safe  group  of  compounds, 

Resmethrin.  Resmethrin  (SBP-1382)  is  a  synthetic  pyre- 
throid. The  knockdown  action  of  resmethrin  is  slightly 
slower  than  pyrethrum,  but  all  insects  knocked  down  usually 
die.  In  dark  areas  such  as  cracks  and  crevices  it  has  some 
residual  action.  Commercial  preparations  are  available  that 
contain  an  ultraviolet-light-screening  agent,  which  prevents 
the  resmethrin  from  breaking  down  rapidly  and  thus  provides 
some  residual  action.  These  preparations  cannofbe  used  in 
food  processing  areas.  The  toxicity  of  resmethrin  is  less  than  A 
that  of  pyrethrum,  having  an  acute  oral  DL50  of  more  than  * 
4,000  mg/kg. 

Boric  acid.  This  chemical  is  a  slightly  toxic,  white, 
free-flowing  powder  used  for  cockroach  control.  It  is  slow 
acting,  requiring  7  to  10  days  to  control  roach  f>opulations, 
but  offers  long-lasting  control  when  it*s  properly  applied  in 
walls,  voids,  and  other  small  spaces.  As  with  other 
pesticides,  you  can  only  use  it  in  cracks  and  crevices  of 
food-handling  facilities,  and  you  should  always  take  care  to 
avoid  depositing  the  f>owder  onto  exfKjsed  surfaces  or  in  the 
air. 

Methoprene  (Altosid,  Precor),  This  insecticide  is  an 
insect  growth  regulator  (IGR)  that  is  used  in  commercial 
products  for  controlling  culex  mosquitoes,  and  dog  and  cat 
fleas  in  buildings.  This  amber  liquid  is  formulated  as  4 
percent  briquettes,  a  10-percent  slow  release  formulation, 
and  as  a  5-percent  active  ingredient  fogger  for  indoor  use. 
Unlike  ordinary  insecticides,  methoprene  prevents  larval 
and  pupal  insect  stages  from  maturing  to  the  adult  stage 
instead  of  having  a  direct  toxic  impact  on  the  pest.  As  a  result, 
it  is  highly  selective  to  a  few  insect  species  and  extremely  low 
in  toxicity  to  fish  and  mammals, 

Amdro,  Like  methoprene,  amdro  is  a  biodegradable 
insect  growth  regulator  uced  to  obtain  long-term  control  of 
imported  fire  ants.  It's  available  as  a  soybean  oil  and  com  grit 
bait  and  works  by  sterilizing  the  queen,  the  colony's  only  egg 
layer.  Since  the  workers  have  a  short  life  span  and  provide  for 
the  queen,  when  they  die  off,  the  queen  also  soon  dies.  As  a  d 
result,  amdro  works  slowly,  requiring  several  applications  " 
over  4  to  6  months  to  eliminate  large  colonies.  This  chemical 
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is  toxic  to  fish,  so  it  must  be  kept  out  of  lakes,  pKDnds,  and 
streams. 

Silica  aerogeL  This  is  a  very  finely  ground  dust  compKDsed 
of  precipitated  silicic  acid.  This  material  is  thought  to  kill 
insects  by  inducing  excessive  water  loss  through  physical  dis- 
ruption of  the  waxy  layer  of  the  epicuticle.  Regular  silica  gels 
are  very  light  and  fluffy  and  are  very  difficult  to  keep  confined 
to  the  treatment  areas.  For  this  reason,  commercial  formula- 
tions are  usually  impregnated  with  another  insecticide,  such 
as  pyrethrins,  in  order  to  increase  the  weight  of  the  powder 
and  keep  it  from  drifting  away  from  the  area  being  treated. 
Silica  gels  are  not  poisonous  to  humans,  but  they  should  not 
be  breathed  into  the  lungs. 

Bacillus  thuringiensis,  van  israelensis  (BH),  This  is  a 
biological  pesticide  containing  bacterial  spores  and  crystalline 
endotoxin.  It's  a  specific  insecticide  for  controlling  several 
genera  of  mosquito  larvae,  including  Psorophora,  Aedes, 
Anopheles,  Culex,  Culiseta,  and  others  as  well  as  Iq^idoptera 
larvae.  It's  environmentally  safe,  being  harmless  to  humans, 
animals,  and  useful  insects.  BTi  is  available  as  a  water  dis- 
persible  concentrate  (Teknar)  or  as  a  high-potency  wettable 
powder,  granular  and  briquette  product  (Bactimos). 

Exercise  (411): 

1 .    Match  each  pesticide  in  column  B  with  its  appropriate 
description  in  column  A. 

Column  A  Column  B 
 (I)  An  insect  growth  regulator  for        a.  Pyrethrum. 

selective  control  of  culex  mosqui-        b.  Resmethrim, 

toes«  and  dog  and  cat  fleas.  c.  Boric  acid. 
 (2)  A  botanical  insecticide  frequently        d.  Methoprene. 

used  as  a  flushing  agent.  e.  Amdro. 
 (3)  A  synthetic  pyrethroid  used  for        f.  Silica  aerogel. 

flying  insect  control,  but  with        g.  BTi. 

lower  toxicity  and  slower  knock- 
down action  than  pyrethrum. 
 (4)  An  environmentally  safe  biologi- 
cal pesticide  for  selective  control 

of  mosquito  larvae. 
 (5)  An  extremely  light,  nontoxic  dust 

usually  mixed  with  pyrethrum 

powder;  it  possibly  kills  insects 

through  abrasion  of  the  body  wall 

and  loss  of  body  fluids. 
 (6)  This  slightly  toxic  pesticidal  dust 

gives  slow  but  long^Iasting  control 

of  cockroaches  when  properly 

applied  in  walls,  voids,  and  other 

small  spaces. 
 (7)  A  biodegradable  insecticide  for 

controlling  imported  fire  ants;  it 

works  slowly  to  eliminate  a  colony. 


2*3.  Rodenticides 

Rodenticides  have  evolved  into  a  variety  of  products  over 
the  years.  Until  about  30  years  ago,  most  were  "one  shot" 
poisons,  those  generally  requiring  only  one  feeding.  Then  in 
the  1950's,  anticoagulants  made  their  debut.  These 
multiple-dose  chemicals  controlled  rodents  over  a  number  of 
days  and  required  more  than  one  feeding.  Today,  in  the  face 
of  growing  rodent  resistance  to  some  of  these  products, 
we're  seeing  the  emergency  of  a  new  class  of  rodenticides— 
single-dose  anticoagulants  -which  combine  the  best  features 
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of  the  earlier  two,  plus  some  other  advantages. 

In  this  section,  you'll  learn  about  many  of  the  most 
commonly  used  rodenticides.  Also,  you'll  learn  about  some 
fumigants  that  can  be  used  in  rodent  control  programs. 

412.  Cite  general  characteristics  of  anticoagulants  and 
identify  descriptive  statements  with  various  multiple- 
dose  rodenticides. 


Multiple<-Dose  Rodenticides.  All  of  the  multiple-dose 
rodenticides  arc  anticoagulants.  These  synthetic  organic 
compHDunds  are  used  mostly  s  rodenticides,  although  at  least 
one  of  these  com|X)unds  is  used  in  the  medical  treatment  of 
humans  in  the  prevention  of  blood  clots. 

Anticoagulant  rodenticides  act  to  reduce  the  clotting 
ability  of  the  blood,  resulting  in  internal  and  external 
hemorrhage  and  eventual  death.  An  important  characteristic 
is  that  relatively  low  dosages  of  anticoagulants  ingested  daily 
for  about  7  days  are  fatal  to  rodents  when  the  same  total 
amount  of  a  single-dose  chemical  may  produce  no  significant 
damage  or  symptoms.  The  low  concentrations  at  which  the 
anticoagulant  rodenticides  are  effective  almost  eliminates  the 
hazard  of  acute  toxicity  to  humans  and  greatly  reduces  this 
hazard  to  domestic  animals.  Also,  the  meal  baits  in  which 
they  are  used  are  not  generally  attractive  to  children  and  pets. 

The  anticoagulants  kill  in  a  radically  different  manner 
from  the  older  single-dose  poisons.  Most  single-dose  poisons 
kill  rats  within  hours  (Vl  hour  to  48  hours)  after  ingestion. 
Anticoagulants  must  be  ingested  in  small  amounts  for  several 
days  before  they  become  effective.  Even  when  weakened, 
rats  apparently  do  not  associate  their  loss  of  strength  with 
their  food  supply.  They  return  to  feed  on  anticoagulant 
treated  baits  again  and  again.  Thus,  the  problem  of  bait 
shyness  commonly  associated  with  "one  shot"  poisons  is 
largely  overcome.  Nonfatal  doses  of  single-dose  poisons  are 
painful;  whereas,  anticoagulants  apparently  cause  no  pain. 

Warfarin.  Warfarin  is  an  anticoagulant  with  an  acute  oral 
LD50  of  50  to  232  n,g/kg.  It  is  a  cumulative  poison  usually 
requiring  several  repeated  feedings  over  a  period  of  several 
days  for  best  results.  It  is  effective  against  all  kinds  of  rats  and 
mice,  and  bait  shyness  does  not  develop  on  repeated 
feedings,  but  in  some  areas,  rats  are  developing  resistance  to 
it.  Warfarin  is  used  as  a  dry  powder  with  solid  baits,  but  is 
also  available  under  the  name  Warfacide  to  be  used  as  a  liquid 
bait. 

PivaL  Pival  is  a  fluffy,  yellow  powder  with  a  slightly 
moldy,  acrid  odor  suggestive  of  marigolds  or  tobacco.  It  is 
essentially  insoluble  in  water  but  soluble  in  organic  solvents. 
The  sodium  salt  derivative,  though  soluble  in  water  up  to  0. 1 
percent,  nevertheless  settles  out  sufficiently  from  water  to  be 
observed  grossly  by  rodents  and  to  cause  concern  with 
diminished  efficiency.  To  eliminate  this  drawback,  a 
stabilizing  agent,  versene  (regular) ,  can  be  added  to  the  water 
to  make  a  0.1 -percent  solution  from  which  the  product  will 
not  precipitate. 

Pival  is  available  as  a  0.5  percent  concentrate  in 
cornstarch.  The  manufacturer  recommends  a  1:19  dilution 
by  weight  in  bait.  The  sodium  salt  (Pivalyn)  is  available  as 
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packaged  units  sufficient  to  poison  1  quart  of  water.  Each 
packet  has  versene  added  to  the  Pivalyn. 

You  can  use  Pival  in  most  situations  for  controlling  both 
rats  and  mice.  It  appears  to  be  about  equal  to  warfarin  in  its 
rodenticidal  effectiveness.  Pival  has  been  found  to  inhibit 
mold  formation  and  the  development  of  insects  infesting 
grain. 

Diphacinone.  Diphacinone  is  one  of  the  newer 
anticoagulant  chemicals  made  available  in  the  fall  of  1957 
and  is  widely  used  to  control  both  rats  and  mice.  This  product 
is  available  as  a  0. 1  percent  concentrate,  which  is  mixed  with 
1  to  19  pounds  of  bait,  and  in  a  ready-to-use  dry  bait 
formulation  containing  a  0.005-percent  concentration  of  the 
active  ingredient.  It  generally  requires  fewer  successive 
feedings  to  kill  than  older  anticoagulants  and  resists  insects 
and  mold.  Methods  of  application  for  rodent  control  are 
similar  to  those  used  for  other  anticoagulants  in  food  baits. 

Chlorvphacinone.  This  pnxluct  (RoZol)  is  an  anticoagulant 
soluble  in  oil  and  thus  suitable  for  use  in  oily  baits.  It  is 
effective  against  Norway  rats  and  house  mice.  It  is  a 
cumulative  poison  usually  requiring  repeated  feedings  over  a 
period  of  several  days  for  best  results.  Rats  and  mice  do  not 
develop  bait  shyness  on  repeated  feedings  of  this  material. 
Chlorophacinone  can  be  absorbed  through  the  unbroken 
skin,  so  it  should  be  handled  with  rubber  gloves. 


Exercises  (412): 

1 .    How  do  anticoagulants  kill  rodents? 


2.    What  advantages  do  anticoagulants  have  for  people  and 
nontarget  animals  as  compared  to  single-dose  poisons? 


3.    iVIatch  the  rodenticide  in  column  B  with  the  appropriate 
descriptive  statement  in  column  A. 

Column  A  Column  B 
 (1)  A    stabilizing    agent    such    as        a.  Warfarin. 

versene  should  be  added  when  us-        b.  Pival. 

ing  this  product  in.  water.  c.  Diphacinone. 
 (2)  This  rodenticide  is  widely  used  in        d.  Chlorophacinone. 

the  Air  Force  for  both  rat  and 

mouse  control. 
 (3)  In  some  areas,  rats  are  developing 

resistance  to  this  rodenticide. 
 (4)  This  rodenticide  is  soluble  in  oil, 

making  it  suitable  for  use  in  oily 

baits. 


413.  Specify  characteristics  and  safety  precautions  for 
various  single-dose  rodenticides. 


Single-Dose  Rodenticides.  In  this  lesson,  you'll  leam 
about  some  older  rodenticides  still  in  use  as  single-dose 
rodenticides.  Additionally,  you'll  leam  about  some  of  the 
newest  rodenticides  referred  to  as  single-dose  anticoagulants. 

Zinc  phosphide.  Zinc  phosphide,  a  synthetic  inorganic 
compound,  is  a  heavy,  dark-gray  powder  that  is  chemically 


stable  and  insoluble  in  water.  It  has  a  faint  odor  of 
phosphorus  due  to  the  slow  release  of  phosphine  (PH3).  Both 
the  powder  and  gas  are  very  toxic.  You  should  weigh  and  mix 
zinc  phosphide  out-of-doors,  or  in  a  well-ventilaied  roi^MTi,  to 
avoid  inhalation  of  gas  or  dust.  Wear  gloves  when  mixing  or 
distributing  baits. 

This  rodenticide  has  been  used  for  many  years  and  is 
effective  against  all  species  of  rats  and  mice.  Though  highly 
toxic  to  all  animal  life,  some  animals  will  not  eat  baits 
prepared  with  it  because  of  its  objectionable  odor  and  taste. 
Most  species  of  rats  and  mice  will  ac«  =^pt  attractive  zinc 
phosphide  baits.  Zinc  phosphide  is  used  u  j  .txingth  of  about 
1  percent  by  weight  in  blended  or  mixed  ^-.tits.  The  baits  must 
be  thoroughly  mixed  because  of  the  small  amount  of  toxicant 
required. 

Zinc  phosphide  reacts  with  dilute  acids  to  release 
phosphine;  therefore,  bait  materials  containing  organic  acids 
may  be  unsuitable  because  they  cause  this  poison  to 
deteriorate  too  rapidly.  However,  bait  materials  that  cause 
slow  deterioration  may  be  desirable  as  a  safety  factor. 

As  a  safety  factor,  add  tartar  emetic  (antimony  potassium 
tartrate)  to  the  poison  before  mixing  with  bait  in  the 
proportion  by  weight:  zinc  phosphide-~8  parts,  tartar 
emetic — 3  parts,  even  though  acceptability  of  such  baits  is 
thereby  reduced.  Oils  and  fats  used  as  a  binder  also  increase 
absorption  of  poison  into  a  rat'  s  body. 

Sirychnine.  This  is  the  only  boranical  compound  used  by 
the  Air  Force  as  a  rodenticide  at  the  present  time.  Strychnine 
is  a  white  powder,  practically  insoluble  in  water,  but  is 
readily  soluble  in  chloroform  and  certain  other  organic 
solvents.  It  can  be  obtained  as  a  premixed  bait  and  tracking 
powder.  Some  products  are  approved  for  controlling  moles 
and  prairie  dogs. 

Strychnine  is  highly  toxic  if  ingested;  therefore,  you  must 
take  every  precaution  available  to  avoid  contamination  of  all 
food  and  water  sources  and  to  prevent  children  and  animals 
from  coming  into  contact  with  it. 

Brodifacoum  and  bromadiolone.  These  chemicals  are 
among  the  "third  generation"  rodenticides  used  to  control 
rats  that  are  resistant  to  other  products.  They  act  as 
single-dose  anticoagulants  for  controlling  Norway  rats,  roof 
rats,  and  house  mice  in  industrial  and  residential  buildings 
and  in  urban  outdoor  areas. 

Brodifacoum  (Tklon)  has  an  acute  oral  LD50  of  0.26 
mg/kg  for  rats,  and  Bromadiolone  (control,  Maki)  has  an 
acute  oral  LD50  of  1 . 125  mg/kg. 

As  with  other  rodenticides,  keep  these  products  away 
from  children,  domestic  animals  and  wildlife,  and  wash  after 
handling  baits.  After  treatment,  remove  and  bury  uneaten 
bait  and  rodent  bodies. 


Exercises  (413): 

1 ,    Why  should  zinc  phosphide  be  mixed  outdoors  when 
possible? 


2.    At  what  concentration  are  food  baits  made  with  zinc 
phosphide? 
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3.    Describe  the  safety  precautions  you  should  take  when      with  special  local  restrictions  in  some  states.  Assuming  you 
placing  strychnine  poisons.  follow  these  and  other  label  directions  properly,  aluminum 

phosphide  can  be  a  very  safe,  effective  treatment  for  rodents 
in  burrows. 


4.    In  what  form  is  strychnine  available? 


5.    What  characteristics  set  bromadiolone  and  brodifacoum 
apart  from  other  anticoagulants? 


6.    What  precautions  should  you  take  following  a  treatment 
program  with  rodenticides? 


Exercises  (414): 

1 .    How  can  you  use  calcium  cyanide  as  a  rodent  fumigant? 


2.    What  advantages  does  calcium  cyanide  have  in  a  disease 
vector  control  program? 


3.    List  the  safety  precautions  you  should  always  observe 
when  using  calcium  cyanide. 


414.  State  characteristics  and  safety  precautions  for 
rodenticidal  fumigants. 

Rodenticidal  Fumigants.  There  are  two  products  you 
can  use  as  fumigants  in  rodent  burrows.  These  are  calcium 
cyanide  and  aluminum  phosphide. 

Calcium  cyanide.  This  compound  is  for  gassing  rodent 
burrows  outdoors.  It  should  never  be  used  near  a  building 
occupied  by  people.  It  is  a  grayish-white  compound  available 
in  either  granular  or  powdered  form  that  produces 
hydrocyanic  acid  gas  upon  exposure  to  moist  air.  Both  the 
dust  and  the  gas  liberated  will  kill  any  animal,  including 
insects  and  man.  In  rat  control  it  is  used  to  treat  burrows  and 
under  certain  circumstances,  small  inclosed  spaces  or 
harborages.  An  advantage  of  this  gas  over  poisons  is  that  it 
kills  the  flea  and  mite  parasites  as  well,  a  factor  of 
considerable  importance  in  controlling  the  spread  of  diseases 
such  as  plague  and  murine  typhus. 

Calcium  cyanide  is  extremely  hazardous  to  humans  and 
should  be  used  only  by  well-trained  personnel.  Personnel 
should  stand  upwind  while  applying  this  fumigant  and  must 
have  appropriate  p.as  masks  and  canisters  available  for  use. 

Aluminum  phosphide.  You  have  already  learned  about 
using  this  product  as  an  insecticidal  fumigant.  With  proper 
labeling  you  can  also  use  it  outdoors  to  control  these  rodents 
in  their  burrows: 

•  Woodchucks. 

•  Marmots. 

•  Prairie  dogs. 

•  Norway  and  roof  rats. 

•  House  mice. 

•  Ground  squirrels. 

•  Moles,  voles,  gophers,  and  chipmunks. 

As  with  other  fumigants;  there  are  some  important 
environmental  hazaids  and  use  limitations  for  aluminum 
phosphide.  You  can't  use  it  within  15  feet  of  inhabited 
structures  or  place  it  in  burrows  that  may  open  into  or  under 
occupied  buildings.  Also,  some  important  considerations 
regarding  endangered  species  are  listed  on  the  label,  along 


4.    Under  what  conditions  should  you  not  use  aluminum 
phosphide  to  control  rodents  in  burrows? 


2-4.  Avicides 

Avicides  are  pesticides  used  to  control  birds  (class  Aves). 
In  this  *?ection,  you'll  learn  about  three  chemicals  that  may  be 
used  in  a  bird  management  program,  although  one  of  them 
isn't  an  avicide  in  the  true  sense  of  the  word,  but  a  type  of 
sterilant  for  pigeon  birth  control. 

If  you  have  a  bird  problem  aC  your  installation,  you're 
s*rongly  encouraged  to  study  bird  management  in  Volume  7 
before  you  resort  to  any  type  of  chemical  control.  This  is 
because  you  have  many  more  options  using  IPM  in  bird 
management  than  in  some  other  areas  of  your  job.  Also, 
chemical  control  of  birds  is  more  likely  to  create  a  public 
relations  problem  than  are  nonchemical  controls. 

415.  Relate  given  avicides  to  specific  characteristics  about 
each. 

Avitrol  (R).  Avitrol  is  a  highly  toxic  bird  control 
chemical  used  to  treat  bait.  When  treated  bait  is  mixed  with 
untreated  bait  in  low  concentrations,  it  can  be  used  as  a 
psychological  repellent.  In  higher  concentrations,  it  is  used 
as  a  poison. 

This  product  is  EPA  labeled  for  controlling  crows, 
pigeons,  grackles,  starlings,  sparrows,  cowbirds,  gulls,  and 
blackbirds  in  and  around  structures  and  agricultural  areas. 

Avitrol  can  be  used  as  a  poison  for  Domestic  Pigeons  and 
House  Sparrows  in  situations  where  rapid  results  are 
required,  nontarget  species  are  not  present,  and  the 
occurrence  of  dead  birds  in  the  surrounding  area  is  not  likely 
to  cause  an  adverse  public  reaction. 

Ornitrol  (R) .  Omitrol  is  not  a  toxicant  in  the  true  sense  of 
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the  word,  but  is  a  chemosterilant  registered  for  pigeon 
control.  Instead  of  poisoning  birds,  Omitrol  inhibits  the 
embryo  from  developing  within  pithin  pigeon  eggs  and 
sterilizing  results  with  no  direct  harm  to  the  birds.  This  effect 
lasts  for  about  6  months. 

Omitrol  is  available  as  a  0.1 -percent  whole  kernel  com 
bait  in  30-pound  bags.  It's  very  safe  since  a  toxic  dose  is 
practically  impossible,  and  it  has  a  very  bitter  taste  for 
people. 

DRC-1339.  This  chemical  was  tested  as  a  bird  poison  by 
the  Denver  Wildlife  Research  Center  of  the  U.S.  Fish  and 
Wildlife  Service.  The  commercially  available  product,  sold 
only  to  professionals,  consists  of  feed  pellets  treated  with  the 
poison.  '^Starlicide"  is  the  registered  trademark  of  this 
product,  and  the  0.1-percent  mixture  is  called  "Starlicide 
Complete." 

This  poison  is  registered  for  use  only  on  Starlings  and 
blackbirds  at  livestock  and  poultry  feedlots.  If  feedlots  near 
an  air  base  are  attracting  birds  that  are  creating  a  strike  hazard 
or  if  a  large  proportion  of  a  roosting  flock  is  feeding  at  a 
particular  feedlot,  this  control  method  may  be  appropriate. 

Starlicide  is  less  toxic  to  mammals  than  Avitrol.  It  is  less 
toxic  to  light-colored  birds  than  to  dark  birds  (such  as 
Starlings),  so  the  danger  to  many  protected  species  is  reduced. 

There  is  always  some  danger  that  protected  species  may 
be  affected.  Poisoning  birds  is  unpopular  and  may  cause  an 
adverse  public  reaction,  especially  since  the  slow-acting 
poison  will  not  take  effect  until  birds  have  moved  to  another, 
perhaps  more  populated,  location. 

Be  sure  to  wear  gloves  when  handling  treated  bait  and 
destroy  excess  bait  and  dead  birds  by  incineration.  Place  the 
bait  where  it  is  inaccessible  to  poultry  or  livestock,  £ind 
follow  label  instructions  carefully. 

Restrictions  on  Use.  Consult  U.S.  Fish  and  Wildlife 
Service  personnel  before  starting  a  management  program 
using  any  toxicant.  Permits  are  required  in  some  localities. 
Never  use  toxicants  where  protected  species  may  be  affected. 


Exercise  (415): 

1.  Match  the  avicide  listed  in  column  B  to  the  appropriate 
description  in  column  A.  Items  in  column  B  may  be  used 
more  than  once. 

Column  A  Column  B 
 (1)  Works  a';  a  chemosterilant  instead           a.  Avitrol. 

of  a  toxicant  in  pigeon  control  b.  Omitrol. 

programs,  c.  DRC-1339. 
 (2)  Available  as  feed  pellets  for  star- 
ling and  blackbird  control. 
 (3)  Less  toxic  to  light-colored  birds 

than  to  dark-colored  birds. 
 (4)  May  be  used  to  control  a  variety  of 

pest  birds  in  and  around  structures. 
 (5)  A  toxic  dose  is  almost  impossible 

and  it  has  a  very  bitter  taste. 
 (6)  May  be  used  in  low  concentrations 

as  a  repellent. 


2-5.  Herbicides 

In  this  section,  you'll  study  several  different  classes  and 
specific  types  of  herbicides.  These  classes  include  arsenical  s, 
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phenoxys,  phenylureas,  triazines,  dinitros,  benzoic  acids, 
and  alaphatic  acids.  There  is  also  a  final  lesson  on  some  other 
herbicides  that  are  not  in  any  of  these  classes,  but  have  various 
uses. 

Frequently,  herbicides  in  the  same  class  will  have  the 
same  general  use.  As  you  continue,  think  about  the  weed 
problems  you  have  on  your  base  and  look  for  classes  or 
specific  types  of  herbicides  you  could  use.  If  you  already  nave 
a  weed  control  program,  think  about  the  herbicide(s)  you're 
using  and  ask  yourself  what  characteristics  make  your  chem- 
ical suitable  for  your  needs.  Then  compare  your  mental  notes 
with  what  you  learn  in  this  section  and  see  if  you  can  come  up 
with  a  better  alternative. 


416.  Specify  characteristics,  uses,  and  safety  precautions 
for  arsenical  compounds. 


Arsenical  compounds  used  as  pesticides  are  divided  into 
two  groups — inorganic  and  organic. 

Inorganic  Arsenicals.  These  compounds  are  derived 
from  mineral  elements,  and  due  to  their  persistence  (ability  to 
remain  stable  for  long  periods  of  time)  they  arc  commercially 
unavailable. 

Organic  Arsenicals.  These  compounds  are  derived  from 
plant  and  animal  matter  and  are  much  less  persistent  than 
inoiTganic  arsenicals.  The  more  common  compounds  used 
within  the  Air  Force  as  herbicides  are  DSMA,  MSMA,  and 
AM  A. 

DSMA.  DSMA  (disodium  monomethylarsonate)  is  a  post- 
emergence  herbicide  that  is  soluble  in  water,  nonvolatile, 
and  nonflammable.  It  is  formulated  as  water-soluble  powders 
containing  50  to  100  percent  hexahydrate,  and  as  dry  mixtures 
with  vermiculite  containing  2.5  to  4  percent  hexahydrate. 
Total  water-soluble  arsenic  in  the  50-  and  100-percent  pow- 
ders is  12.8  and  25.86  percent,  respectively.  DSMA  is  com- 
patible with  the  salts  and  esters  of  2,4-D. 

MSMA.  MSMA  (monosodium  methanearsonate)  is  used 
as  a  selective,  contact,  postemergence  herbiciae.  It  is  formu- 
lated as  a  water-soluble  powder  and  is  very  similar  to  DSMA 
in  action,  although  it  is  more  phytotoxic  and  more  effective  in 
high  temperatures. 

AMA.  AM  A  (ammonium  methanearsonate)  is  a  selective 
postemergence  herbicide  formulated  as  a  water-soluble 
liquid.  This  compound  is  often  added  to  silvex  in  controlling 
certain  vegetation. 

These  organic  arsenical  compounds  are  considered  to  be 
moderately  toxic  upon  ingestion  and  moderately  to  relatively 
nontoxic  through  absorption;  however,  protective  clothing 
and  equipment  must  be  worn,  and  there  must  not  be  any 
smoking,  eating,  or  drinking  during  the  handling  of  these 
compounds.  Always  insure  that  these  compounds  do  not 
contaminate  any  water  source  during  or  after  application. 

Exercises  (416): 

1 .    Comparing  the  characteristics  of  organic  arsenicals  and 
inoi^anic  areenicals,  you  will  find  that  oi^ganic  arsenicals 

are  derived  ^rom    and    matter; 

whereas  inoi^anic  arsenicals  are  derived  from  

elements. 
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2,    Which  arsenical  compound  is  used  as  a  herbicide? 


3.    A  common  use  characieristic  of  DSMA,  MSMA»  and 
AM  \  is  that  all  three  are  used  as  herbicides. 


4 .    W'rut  safety  precaution  applies  to  environmental  protec- 
tion when  using  arsenical  herbicides? 


417.  Specify  characteristics  and  uses  of  phenoxy  com- 
pounds. 

Phenoxys.  The  phenoxy  compounds  we'll  discuss  are 
2,4-D  and  MCPA.  In  the  acid  form,  these  herbicides  arc  only 
slighdy  soluble  in  water.  For  commercial  use,  they  are 
formulated  as  esters,  which  form  milky  emulsions  with  water 
and  also  dissolve  in  light  oils,  or  as  water-soluble  salts.  The 
amines  are  the  most  wid^jly  used  salts.  They  are  easily  soluble 
in  water  and  are  commonly  sold  in  liquid  form.  There  are  also 
sodium  and  ammonium  salt  formulations  that  are  sold  as 
water-soluble  powders,  but  they  are  not  so  effective  as  are  the 
amine  salts  on  hard-to-kill  species  or  on  weeds  that  are  in  bud 
stage  and  beyond.  All  of  the  salts  are  practically  nonvolatile. 
T\vo  general  kinds  of  esteis  are  commercially  available: 
relatively  high-vo'iatile  esters  and  relatively  low-volatile 
esters.  Although  the  low-volatile  esters  vaporize  less 
rapidly,  both  types  are  volatile  at  high  tenr-peratures.  Drift 
can  occur  with  any  of  the  formulations  if  the  spray  is  in  very 
fine  droplets  or  mist  and  there  is  a  wind. 

The  phenoxy  formulations  are  moderately  toxic.  The 
hazard  to  livestock  and  wildlife  is  negligible  on  treated 
vegetation,  but  toxic  amounts  could  be  eaten  if  animals  had 
access  to  undiluted  concentrates  or  large  amounts  of  spray 
mixtures.  As  ordinarily  handled,  these  materials  are  not 
likely  to  cause  irritation  to  skin  or  eyes.  They  are  not 
absorbed  through  the  skin  to  any  appreciable  extent  and,  in 
the  amounts  likely  to  be  inhaled,  are  not  hazardous.  Neither 
is  the  ingestion  of  harmfiil  amounts  likely.  As  dosages  used  for 
weed  control,  they  may  harm  fish  in  still,  shallow  water. 
They  are  noncorrosive  and  nonflammable. 

2,4'D.  2,4-D  is  formulated  as  water-soluble  sodium, 
ammonium,  or  amine  salts  and  volatile  or  low-volatile  esters. 
A  new  formulation  is  the  diamine  sal;.  It  is  an  oil-soluble 
amine  tl-;at  has  the  weed-killing  properties  of  an  ester  and  the 
nonvolatile  features  of  amine  salts.  It  is  formulated  in  a 
concentrate  containing  2  pounds  acid  equivalent  per  gallon. 

2,4-D  is  used  for  the  control  of  herbaceous  broadleaf 
weeds.  It  can  be  applied  at  extremely  low  concentrations 
compared  with  the  inorganic  herbicides,  such  as  borates  and 
chlorates.  It  is  absorbed  through  leaves  and  is  readily 
tran  located  in  the  plant,  but  it  is  also  absorbed  by  plant  roots. 
It  i^  ommonly  used  as  a  selective  herbicide  rather  than  soil 
stes^ant.  (ts  effect,  when  applied  to  the  soil,  is  temporary 
exii:spt  under  very  dry  conditions  or  cool  weather.  2,4-D  is 


used  on  many  perennial  broad-leaved  weeds,  since  it  is 
translocated  to  the  roots  and  underground  storage  organs.  It 
is  carried  with  the  sugars  as  th  .y  move  out  of  the  leaves.  It  is, 
therefore,  most  effective  on  warm  sunny  days  when 
photosynthesis  is  active.  It  is  a  very  useftil  herbicide  to  kill 
annual  nongrass  weeds  that  frequently  reinfest  an  area 
treated  with  a  soil  sterilant  after  it  has  leached  below  the 
surface  layer.  It  is  also  an  inexpensive  and  convenient 
chemical  to  kill  certain  weeds  that  are  tolerant  to  a  soil 
sterilant.  On  roadsides  and  similar  areas  where  grasses  are 
desirable  for  erosion  control  and  in  turf,  2,4-D  can  be  used 
selectively  to  kill  broad-leaved  plants  in  sod.  2,4-D  is  also 
effective  on  certain  broad-leaved  aquatic  plants.  It  is  also 
used  for  control  c**  woody  plants.  The  salt  formulations  are 
practically  nonvolatile,  but,  with  the  possible  exception  of 
the  diamine  salt,  are  less  effective  than  the  esters  on 
hard-to-kill  species.  The  low-volatile  esters  are  equally  as 
effective  as  the  volatile  esters  and  in  some  instances  are 
better  Some  woody  species  are  tolerant  to  2,4-D. 

MCPA.  MCPA  contains  several  isomers,  but  the 
2-methyl-4-cMoro  isomer  is  the  most  effective  for  killing 
weeds.  Therefore,  the  better  formulations  contain  a  high 
proportion  of  this  isomer.  The  most  widely  used 
formulations  are  ;he  sodium  and  amine  salts.  MCPA  is  very 
similar  in  use  to  2,4-D  because  it,  too,  is  used  in  controlling 
broad-leaved  weeds;  however  it  is  more  expensive  than 
2,4-D.  Depending  on  the  weeds  being  controlled,  it  may  be 
more  or  less  effective  than  2,4-D. 


Exercises  (417): 

1 .    Into  what  toxicity  range  do  the  phenoxy  compounds  fall? 


List  the  personal  safety .  dvantages  phenoxy  compounds 
offer  when  you  apply  them  at  the  recommended  rate  and 
strength? 


3.    How  is  2,4-D  used? 


4.    Under  what  conditions  is  2,4-D  most  effective? 


In  terms  of  control  results,  how  does  MCPA  compare 
with  2,4-D? 


418.  Cite  general  characteristics  for  phenylurea  com- 
pounds and  identify  uses  of  specific  compounds  with  the 
herbicide  they  describe. 

Phenylureas.  Tl.ese  compounds  are  used  for  soil 
sterilants  and  include  monuron,  duron,  siduron  and 
tebuthiuron.  They  are  only  slightly  soluble  in  water,  have  a 
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low  volatility,  arc  noncorrosivc,  and  nonflammable.  They 
arc  fonnulated  as  water-dispcrsible  powders  and  granular 
products.  With  the  exception  of  the  granular  materials,  all 
forms  arc  applied  as  suspensions  in  rclatively  large  volumes 
of  water  and  require  agitation  in  the  spray  tank. 

Although  these  chemicals  do  not  move  far  laterally  in  the 
soil,  they  may  be  washed  down  the  surface  slopes  to  kill 
vegetation  below  and  they  leach  deeply  enough  to  reach  the 
roots  of  trees,  shrubs,  and  the  deep-rooted  plants  growing 
under  the  treated  area.  All  these  chemicals  can  irritate  your 
eyes,  nose,  tliruat,  and  skin. 

Monumn.  Monuron  is  formulated  as  a  water-dispersible 
powder  containing  80  percent  active  ingredient.  It  is  also 
formulated  as  a  granular  material. 

The  effects  of  monuron  on  all  weeds  are  slow  to  appear. 
Monuron  is  more  effective  in  light,  sandy  soils  than  in  heavy 
types  at  equivalent  rates  and  is  more  active  in  mineral  soils 
than  those  high  in  organic-mr^ter  content.  It  is  much  more 
soluble  in  water  than  diuron,  so  it  is  better  adapted  to  areas  of 
less  than  25  inches  of  rainfall  a  year,  except  along  irrigation 
and  drainage  ditches.  It  is  also  preferred  to  diuron  for  soils 
containing  considerable  amounts  of  clay,  especially 
bentonite,  or  of  oi^anic  matter.  At  high  rates,  it  leaches 
readily  from  sandy  soils  and  moves  downward  twice  as  last 
as  diuron  in  both  clay  and  sandy  soils.  It  is  somewhat  more 
effective  on  grasses  than  nongrasses.  Heavy  rainfall  and 
standing  or  running  water;  condition  favoring  microbial 
activity  such  as  warm  soils  of  high  organic-matter  content 
and  moisture;  and  soil  cultivation  shorten  its  persistence  in 
the  soil.  Sterility  of  the  soil  may  last  1  to  3  years;  this  depends 
on  rates  applied,  soil  type,  and  rainfall. 

Diuron,  Dmron  is  even  less  soluble  m  water  than 
monuron.  It  is  formulated  as  a  water-dispe^sible  powder 
containing  80  percent  active  ingredient.  There  is  also  a  liquid 
suspension,  containing  2.8  pounds  per  gallon,  active 
ingredient. 

The  effects  of  diuron  on  all  weeds  are  slow  to  appear. 
Diuron  is  more  effective  than  monuron  where  rainfall  is  over 
25  inches  a  year  and  especially  on  sandy  soils.  It  is  not 
necommended  for  areas  of  low  rainfall,  especially  to  control 
deep-rooted  plants.  Larger  amounts  of  diuron  than  monuron 
are  absorbed  by  all  soils;  consequently,  it  is  more  persistent. 

Siduron.  Siduron  is  a  slightly  toxic  herbicide  used  for 
prcemei^ence  control  of  a  variety  of  annual  grasses  in 
established  cool-season  turf.  Controlled  grasses  include 
crabgrass,  foxtail,  and  barnyard  grass.  You  can  apply 
siduron  in  newly  seeded  or  established  plantings  of 
bluegrass,  fescue,  redtop,  and  other  cool-season  turfs.  It's 
available  as  a  50-percent  wettable  powder  under  the  trade 
name  "Tbpersan." 

Tkbuthiuron.  This  is  a  highly  active  preemergence  and 
postemergence  herbicide  for  total  vegetation  control  in 
noncropland  areas,  including  trees  and  shrubs.  It's 
formulated  as  an  80-percent  wettable  powder.  Depending  on 
the  vegetation  you  want  to  control,  it  can  be  applied  at  rates  of 
2.5  to  20  pounds  per  acre.  In  areas  where  rainfall  is  at  least  25 
inches  per  y^ar,  an  application  rate  of  3.0  lbs/acre  should 
generally  be  used.  If  the  average  annual  rainfall  is  less  than 
15  inches  per  year,  apply  it  just  before  rainfall  reaches  its 
seasonal  peak.  At  least  1  to  1 ,5  inches  of  rainfall  is  needed  to 
activate  tebuthiuron. 


Given  the  broad  spectrum  characteristics  of  tebuthiuron, 
it's  very  important  that  you  don't  contaminate  bodies  of 
water,  because  aquatic  vegetation  could  be  injured  or  killed. 
Also,  never  contaminate  water  when  you  clean  application 
equipment  or  dispose  of  wast«  s. 


Exercises  (418): 

1 .    How  are  phenylurea  compounds  used? 


2.    What    are    the    basic    chemical    characteristics  of 
phenylureas? 


3.    In  what  forms  are  phenylureas  commonly  available? 


4.    Describe  how   phenylurea   compounds  arc  moved 
through  the  soil. 


5.    Match  the  statements  in  column  A  with  the  herbicide 
each  describes  in  column  B. 

Column  A  Column  E 
 (I)  Highly  active  against  all  types  of        a.  Monuron. 

vegetation,  including  trees  and        b,  Diuron. 

shrubs.  c.  Sidunun. 
 (2)  Most  effective  as  a  soil  sterilant        d,  Tebuthiuron. 

where  rainfall  is  over  25  inches 

per  year,  especially  in  sandy  soils. 
 (3)  Used  for  preemergence  control  of 

annual  grasses  in  established  cool- 
season  turf. 
 (4)  Most  effective  as  a  soil  sterilant 

where  rainfall  is  less  than  25 

inches  per  year. 

419.  Specify  characteristics,  uses,  and  safety  precautions 
for  triazine  compounds* 


IKazines.  THazine  compounds  include  simazine  and 
atrazine.  These  are  soil  sterilants  when  applied  at  high  rates. 
They  are  noncorrosive,  nonflammable,  and  present  no  elec- 
trical or  conductivity  problem  around  utilities,  powerplants, 
transformers,  signal  blocks,  or  other  electrical  installations. 

Simazine,  Simazine  is  practically  insoluble  in  water.  It  is 
formulated  as  an  80-percent  water-dispersible  powder  and  as 
a  4-percent  granular  product.  Both  formulations  are  used  for 
the  nonselective  control  of  vegetation  on  areas  where  any 
plant  growth  is  undesirable.  The  granular  product  is  also 
effective  against  rooted  aquatic  plants  such  as  coontail, 
fanwort,  homed  pond-weed,  and  water  milfoil. 

Simazine  is  absorbed  by  soil  colloids.  High  cation- 
exchange  capacity,  high  organic -matter  content  and,  to  a  less 
extent,  high  clay  content  of  soils  reduce  its  toxicity  to  plants. 
It  is  probably  also  deactivated  by  soil  micro-organisms. 
Simazine  has  little  or  no  contact  action  on  foliage,  so  there  is 
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no  drift  hazard.  It  cannot  penetrate  an  unbroken  leaf  cuticle 
and  is  absorbed  only  through  the  roots,  Simazine  is  ineffec- 
tive until  water  carries  it  to  the  root  zone,  and  its  action  is 
slow.  It  is  easily  removed  from  equipment  by  washing.  It 
foitns  a  suspension  in  water  that  requires  agitation  to  keep  the 
chemical  from  separating  out. 

Atrazine.  This  product  is  formulated  as  an  80  percent 
water-dispersible  powder  and  a  4-percent  granular  product. 
It  is  more  soluble  than  simazine,  so  it  is  more  effective  in  dry 
ai^as.  Weeds  that  are  better  controlled  with  atrazine  llian 
simazine  are  horsetail,  Indian  hemp,  prickly  lettuce,  yellow 
nutgrass,  rush,  sedge,  and  Canada  thistle. 

Atrazine,  unlike  simazine,  is  absorbed  through  plant 
leaves;  hence,  there  is  a  drift  hazard.  It  is  slightly  more  toxic 
than  simazine  to  mammals  and  remains  toxic  in  the  soil  for  a 
slightly  shorter  time. 


pounds  DNBP  per  gallon  plus  87.9  percent  oil  or  an 
alkanolamine  salt  containing  3  pounds  DNBP  per  gallon. 
Ammonium  salts  of  DNBP  contain  1  pound  per  gallon. 

DNC.  Commercial  formulations  contain  30  percent 
sodium  salt  of  DNC.  The  effectiveness  of  DNC  can  be 
increased  by  adding  ammonium  sulfate,  aluminum  sulfate, 
or  sodium  bisulfate. 


Exercises  (420): 

1 .    Name  the  parent  compounds  of  the  dinitros  and  their 
physical  characteristics. 


2.    What  hazards  do  the  compounds  present  to  humans? 


Exercises  (419): 

1 .  When  applied  at  high  rates,  triazine  compounds  are  used 
as  

2.  The  triazine  compound  that  has  little  or  no  contact  action 
on  foliage  and  does  not  penetrate  unbroken  leaf  cuticles 
but  is  absorbed  only  through  the  roots  is  

3.  The  triazine  compound  that  presents  a  drift  hazard  is 


4.    Based  upon  the  text,    would  be  the  safest 

compound  to  use. 


)    420.  Cite  characteristics  of  dinitro  compounds  and  the 
hazards  they  present  humans. 

Dinitros.  These  are  contact  herbicides  used  alone  and  to 
fortify  oils.  The  parent  compouads  do  not  dissolve  in  water 
but  are  soluble  in  oil.  Sodium,  ammonium,  or  amine  salt 
formulations  are  water  soluble. 

The  three  parent  compounds  are  designated  by  the  Weed 
Society  of  America  (WSA)  as  DNAP,  DNBP,  and  DNC. 

All  three  compounds  are  yellow  dyes  that  stain  skin,  hair, 
and  clothing.  They  are  highly  poisonous  if  swallowed,  if 
absorbed  through  the  skin,  or  if  any  appreciable  amount  of 
spray  mist  is  inhaled.  Although  they  are  not  irritating,  they 
are  readily  absorbed  through  the  sldn.  They  should  be  kept 
away  from  heat  and  open  flame. 

The  parent  compounds  P'v  used  nonselectively  for  top- 
kills  of  vegetation.  The  sodium,  ammonium,  and  amine  salts 
are  used  selectively.  The  parent  compounds  are  very  effec- 
tive contact  herbicides  that  control  a  wide  range  of  herbaceous 
plants^  including  many  oil-resistant  plants.  They  require 
large  amounts  of  water,  and  their  effectiveness  as  weed 
killers  varies  widely  with  the  temperature. 

The  dinitros  are  not  economical  to  use  on  perennial 
grasses  and  on  coarse,  vigorous,  annual  grasses.  Repeated 
applications  are  required  for  control  in  areas  of  long  seasons 
and  high  rainfall. 

DlNBP  is  the  most  eftecuve  form,  DNC  the  least  effective, 
I     and  DNAP  intermediate. 

DNBP.    DNBP  commercial   formulations  contain  5 


3.    How  are  dinitro  parent  compounds  used? 


4.    What  plants  do  the  compounds  effectively  control? 


421.  State  characteristics ,  uses,  and  safety  precautions  of 
benzoic  acid  compounds. 

Benzoic  Acit^*;.  These  compounds  are  readily  trans- 
located in  the  plant.  They  kill  through  both  root  and  foliage 
absorption.  They  are  good  temporary  soil  sterilants  for  both 
perennial  and  annual  weeds. 

2,3,6'TBA.  This  product  is  formulated  as  the  dimethy- 
lamine  salt  of  trichlorobcnzoic  acid,  containing  2  pounds  per 
gallon  acid  equivalent.  It  is  nonvolatile,  noncorrosive,  and 
nonflammable.  It  is  a  mild  skin  irritant  and  is  compatible  with 
2,4-D  amine,  dalapon,  diuron,  and  monuron. 

PBA.  This  is  a  mixture  of  a  small  amount  of 
2,3,6-THchlorobenzoic  acid  and  a  higher  proportion  of 
several  other  polychlorobenzoic  acid  derivatives.  It  is 
formulated  as  the  dimethylamine  salts  of  polychlorobenzoic 
acids,  containing  4  pounds  per  gallon,  acid  equivalent.  It  is 
nonvolatile,  noncorrosive,  and  nonflammable.  It  is  a  mild 
skin  irritant  and  is  also  compatible  with  2,4-D  amine, 
dalapon,  diuron,  and  monuron. 

Dicamba.  Dicamba  is  formulated  as  the  dimethylamine 
salt  of  2-methoxy-3,  6-dichlorobcn2oic  acid  in  water, 
containing  4  pounds  acid  equivalent  per  gallon. 

It  is  very  effective  on  several  hard-to-kill  broad-leaved 
weeds  such  as  buckwheat,  tartary,  garlic  wild,  prostate 
knotweed,  Russian  thistle,  green  smart-weed,  sowthistle, 
Canada  thistle,  and  wild  buckwheat. 

When  handling  these  compounds,  wear  protective 
equipment  and  clothing.  Avoid  drifts  so  that  desired 
vegetation  will  not  be  affected  and  water  sources  will  not  be 
contaminated. 
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Exercises  (421): 

1 .    How  do  benzoic  acids  act  on  affected  vegetation? 


2. 


How  arc  aliphatic  acids  used? 


2.    Which  benzoic  acid  compound  is  very  effective  against 
hard-to-kill  weeds  such  as  buckwheat  and  knotweed? 


3.    What  should  you  do  to  avoid  personal  contamination? 


422.  Cite  characteristics  and  uses  of  aliphatic  acids,  and 
list  the  safety  precautions  to  be  observed  with  them. 

Aliphatic  Acids.  These  compounds  are  relatively  strong 
acids  and  are  primarily  used  as  herbicides.  They  are  derived 
from  sodium  salt  and  are  usually  obtained  in  powder  or  pellet 
forms.  They  are  water  soluble  and  are  used  principally  as 
selective,  translocative,  preemergence,  and  postemergence 
herbicides.  The  two  most  common  aliphatic  acids  used  in  the 
Air  Force  are  Dalapon  and  TCA. 

Dalapon.  Dalapon  (2,2-Dichloropix)pionic  acid)  is 
formulated  as  the  sodium  salt  of  dichloropropionic  acid.  It  is 
a  water-soluble  powder  applied  as  a  solution  for  foliage 
spray.  A  typical  commercial  product  contains  85  percent  of 
the  salt  or  74  percent  of  the  acid  equivalent.  The  acute  oral 
toxicity  is  low.  It  is  not  absorbed  through  unbroken  skin. 
Undiluted,  it  may  cause  skin  irritation  after  prolonged 
contact,  but  spray  concentrations  are  not  irritating.  The 
powder  or  concentrate  solutions  can  cause  painful  irritation 
of  the  eyes.  Dalapon  is  used  principally  to  control  grasses, 
but  it  is  also  effective  against  cattails,  jack  pine,  phragmites, 
rushes,  and  white-cedar.  It  is  a  growth-regulator  type  of 
herbicide  that  is  translocated  from  leaves  to  roots  and 
rhizomes  of  perennial  grasses.  It  is  more  effective  in  foliar 
applications  than  TCA,  but  it  is  also  absorbed  by  the  roots. 
For  general  weed  control,  it  is  mixed  with  a  broad-leaved 
weedkiller  such  as  2,4-D  amitrole,  or  silvex.  Dalapon 
disappears  from  the  soil  mc  i  rapidly  in  warm  and  humid 
regions.  It  persists  longer  in  dry,  cool  soils  where  microbial 
activity  is  low. 

TCA.  TCA  (TOchloroacetate  acid)  is  very  similar  to 
Dalapon,  but  a  typical  commercial  product  coiitains  a  higher 
percentage  of  sodium  salt;  therefore,  it  is  basically  used  as  a 
temporary  soil  sterilant. 

Do  not  apply  these  compounds  near  desired  vegetation  or 
irrigation  water  or  when  heavy  rains  are  expected,  because 
these  compounds  have  a  tendency  to  leach  out  of  top  soil. 

Wear  protective  clothing  and  equipment,  avoid  drift,  and 
wash  spray  equipment  immediately  following  use  because 
these  compounds  are  very  corrosive. 

Exercises  (422): 

1 .    Aliphatic  acids  arc  derived  from  what  source? 


3.    What  aliphatic  acid  compound  is  used  basically  as  a 
temporary  soil  sterilant? 


4.    Dalapon  is  primarily  used  to  control  


5.    List  the  environmental  safety  precautions  that  must  be 
observed  when  using  aliphatic  acids. 


6.    Equipment  that  has  been  used  to  apply  aliphatic  acid 

compounds  should  be  immediately  because 

these  compounds  are  . 


423.  Identify  miscellaneous  herbicides  with  their 
descriptions. 

Miscellaneous  Herbicides.  There  are  many  other  classes 
of  herbicides  in  addition  to  the  ones  you've  studied  up  to  now, 
but  it's  easier  for  you  to  study  them  as  individual  chemicals 
than  to  describe  them  by  group.  In  this  lesson,  you'll  learn 
about  some  herbicides  in  various  classes  and  having  several 
different  uses.  These  products  include  glyphosate,  bromacil, 
trifluraline,  diquat,  endothall,  and  paraquat. 

Glyphosate.  Glyphosate  (Roundup)  is  a  moderately  toxic 
nonselective,  postemergence  herbicide.  You  can  use  it  to 
control  many  annual  and  perennial  grasses,  broadleaf  weeds 
and  woody  brush  species  in  the  spring,  summer,  or  fall  using 
a  wide  variety  of  equipment.  Glyphosate  is  a  foliar-applied, 
translocated  herbicide  and  is  available  as  a  41 -percent 
water-soluble  concentrate. 

Bromacil.  Bromacil  (Hyvar  X;  XL)  is  slightly  toxic  as  a 
dry  formulation  and  moderately  toxic  as  a  water-soluble 
liquid.  You  can  use  it  as  a  preemergence  and  postemergence 
herbicide  or  as  a  nonselective  soil  sterilant.  It  is  slow-acting, 
noncorrosive  and  nom  olatile.  A  small  amount  of  rainfall, 
about  one-half  inch  is  enough  to  activate  it. 

Applied  at  a  rate  of  2  to  8  pounds  per  acre,  it  controls  a 
wide  variety  o^ grasses,  including: 

•  Cr»bgrass. 

•  Cheatgrass. 

•  Ragweed. 

•  Pigweed. 

•  Quackgrass, 

•  Dandelion. 

•  Bermuda  grass. 

Use  higher  aes  for  soil  high  in  organic  matter. 

Bromacil  works  best  when  you  apply  it  just  before  or 
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during  the  weed's  most  active  growing  period.  If  you  use  it, 
do  not  use  the  same  equipment  to  apply  other  pesticides,  and 
don't  use  equipment  that  uses  air  agitation. 

TH/lumline.  THfluralinc  (TlTeflan)  is  a  toluidine  compound 
used  ac  a  selective,  prcemergence  herbicide.  It's  available 
as  an  eniulsifiable  concentrate  with  4  pounds  active  ingredient 
per  gallon  or  as  5  percent  granuals.  This  slightly  toxic  product 
can  be  used  to  control  many  different  grasses  plus  some  broad- 
leafs  such  as  lambsquarters,  pigweed,  Russian  thistle,  sanbur, 
and  others.  It's  applied  at  .5  to  1.5  lbs  active  ingredient  per 
acre;  lower  rates  are  used  on  sandy  soils. 

Tk-ifluraline  works  best  when  it's  incorporated  2  to  4 
inches  into  the  soil.  Rainfall  isn't  needed  to  acti  .ate  it.  It's 
very  resistant  to  leaching,  with  little,  if  any,  lateral 
movement  in  the  soil. 

Diquat.  This  is  a  nonvolatile,  nonflammable  contact 
compound  you  can  use  as  an  aquatic  or  general  use  herbicide. 
It  controls  practically  all  types  of  annual  plants,  but  annual 
grasses  are  less  susceptible  than  broadleaf  plants.  It  generally 
acts  by  local  absorption  but  may  be  translocated.  Diquat  is 
rapidly  and  completely  inactivated  by  contact  with  the  soil, 
so  it  doesn't  cause  residual  buildup. 

Paraquat.  Paraquat  is  a  foliage  spray  with  rapid  absorption, 
thus  it  is  not  affected  by  rain.  Also,  action  on  the  plant  is  very 
rapid,  since  wilting  may  start  within  30  minutes.  Use  of  an 
appropriate  surfactant  is  essential.  It  will  control  young  grass, 
broadleaf  weeds,  and  will  kill  the  tops  of  some  perennial 
grasses,  including  Kentucky  bluegrass.  It  may  be  used  to  kill 
small  weeds  a  day  or  two  before  seeding  grass ,  and  may  be  used 
in  nurseries  and  under  shade  trees .  It  is  also  used  to  kill  weeds 
in  noncrop  areas,  along  fence  lines,  railroads,  and  tank  areas. 
There  is  some  evidence  that  it  may  be  used  on  aquatic  weeds 
such  as  alligator  weed  and  southern  water  grass .  It  is  completely 
soluble  in  water,  nonflammable,  and  virtually  noncorrosive. 

Paraquat  has  a  high-oral  toxicity,  and  you  should  take  care 
to  avoid  contact  with  skin,  eyes,  and  nose.  It  is  toxic  to 
wildlife,  so  birds  and  other  v/ildlife  may  be  harmed  in  treated 
areas.  Avoid  drift  to  valuable  plants.  Like  Diquat,  it  is 
inactivated  upon  contact  with  the  soil. 

EndothalL  Endothall  consists  of  three  isomers,  of  which 
the  exo-cis  isomer  shows  the  greatest  biological  activity.  Its 
acute  oral  toxicity  to  mammals  is  high;  therefore,  endothall 
must  be  handled  with  care. 

Endothall  is  selective;  but,  combined  with  2,4-D,  it 
provides  control  of  many  grasses  and  broadleaf  weeds.  It 
breaks  down  rapidly  in  the  soil  so  that  residual  toxicity  is 
short,  especially  in  the  humid  areas.  It  is  absorbed  by  plant 
roots,  but  it  may  be  translocated  in  some  plants. 

Both  liquid  and  granular  formulations  are  used  for 
aquatic-weed  control.  A  typical  liquid  formulation  is  a  water 
solution  containing  19.2  percent  disodium  endothall.  A 
granular  formulation  contains  5  percent  disodium  endothall 
on  an  inert  clay  carrier.  Potassium  ana  amine  formulations 
are  also  used  for  aquatic  weeds.  In  most  cases,  the 
concentration  of  amine  salt  needed  to  kill  the  weeds  is  fatal  to 
fish  (amine  salt  is  toxic  to  fish  at  0.3  parts  per  million  (ppm) 
or  higher).  Concentrations  of  10  ppm  of  sodium  and 
potassium  salts  are  harmless  to  fish.  Either  may  be  fatal  if 
swallowed,  and  both  are  irritating  to  skin,  nose,  and  throat. 

Both  formulations  are  contact  herbicides  effective  on 
burreed,  coontai!,  homed  pond  weed,  watermilfoil,  and 


pondweeds  (Potamogetou  spp.).  In  northern  areas,  Pitho- 
phora,  Cladophora,  and  Spirogyra  algae  appear  susceptible 
at  the  2  to  5  ppm  rate.  Because  of  endothall 's  short  residual 
life,  treated  areas  that  have  conditions  favorable  for  algae 
development  may  be  subject  to  rcgrowlh  within  the  season. 
At  rates  of  1  to  2  ppm  of  the  sodium  or  potassium  salt,  there  is 
a  wide  margin  of  safety  for  fish. 


Exercise  (423): 

1.    Match  each  herbicide  in  column  B  with  the  statement 
that  best  describes  it  in  column  A. 


Column  A  Column  B 

A  moderately  toxic,  postemer-        a.  Olypiiosate. 
gencc  herbicide  for  nonselective        b.  Broniacil. 
control  of  vegetation.  May  be        c.  TVifjuraline. 
applied  in  th!  spring,  summer,  or        d.  diquat. 
fall.  e.  Paraquat. 

_(2)  An    aquatic    and    general    use        f.  Endothall. 
herbicide  that's  nonvolatile,  non- 
flammable, and  nonselective. 

^3)  This  selective  aquatic  herl  icidc 
can  be  used  to  control  many 
grasses  and  broadleafs  when  it*s 
combined  >^ith  2,4-D. 

_(4)  A  selective,  preemergence  herbi- 
cide for  controlling  several  dif- 
ferent grasses  and  some  broadleaf 
plants.  Works  best  when  incorpo- 
rated 2  to  4  inches  into  the  soil. 

_(5)  A  compound  used  as  a  preemer- 
gence and  postemergence  herbi- 
cide or  as  a  nonselective  soil 
sterilant.  Applied  just  before  or 
during  the  weed's  most  active 
growth  peuod. 

_(6)  A  foliage  spray  with  rapid  absorp- 
tion; plant  wilting  may  start  within 
30  minutes. 


2-6.  Fungicides 

As  the  role  of  pest  managers  expands  in  the  area  of  turf 
management,  you  may  get  involved  in  controlling  turf 
diseases.  This  section  has  been  added  to  familiarize  you  with 
some  of  the  turf  fungicides  you  may  use  for  this  purpose. 
Some  of  these  products  are  carbamates;  some  are  chlorinated 
hydrocarbons.  Most  arc  slightly  toxic  and  systemic  in  action. 
All  of  them  should  be  used  only  in  conjunction  with  proper 
turf  management  practices.  (You'll  learn  about  these  in  detail 
in  Volume  5,  along  wiu  various  diseases  mentioned  in  this 
section.) 


424.  Outline  various  characteristics  and  uses  for  turf 
fungicides. 


Benomyl.  Benomy!  (Benlate,  Tfersan  1991)  is  a  slightly 
toxic  carbamate  compound  used  as  a  systemic  foliar  and  soil 
fungicide.  It  is  available  as  a  dust  or  a  50-percent  wettable 
powder.  You  can  use  it  on  a  wide  variety  of  plant  diseases, 
including: 

•  Powdery  mildew. 

•  Black  rot. 
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•  Pusarium  patch. 

•  Brown  patch. 

•  Dollar  spot. 

•  Anthracnose  and  others. 

Benomyl  is  not  phytotoxic  (toxic  to  higher  plants)  when 
used  as  directed.  It  has  excellent  residual  characteristics  both 
as  a  preventive  and  eradicant  fungicide. 

Chloroneb.  Chloroneb  (Ansi,  Tbrsan  SP)  is  a  slightly 
toxic  fungicide  formulated  as  a  65-percent  wettable  powder. 
It  is  used  as  a  supplemental  seed  treatment  and  preemergence 
fungicide  for  various  crops.  In  turfgrass,  it  controls  snow 
mold  and  pythium  blight, 

Chloroneb  is  a  chlorinated  hydrocarbon  and  you  should 
avoid  contact  with  skin  and  clothing. 

Maneb.  Maneb  (Manzeb,  Tfersan  LSA)  is  a  carbamate 
compound  used  as  a  foliar  fungicide.  It*s  used  to  control  leaf 
spots,  rust,  and  brown  rot.  It  is  formulated  as  an  80-percent 
wettable  powder  and  is  labeled  as  a  slightly  to,:ic  pesticide. 

Thiabendazole.  Thiabendazole  (Arbotect  S)  is  a  systemic 
fungicide  that  provides  preventive  and  therapeutic  control  of 
Dutch  elm  disease  and  sycamore  anthracnose.  It*s  a  slightly 
toxic  fungicide,  but  may  irritate  skin  and  eyes.  It  comes  as  a 
liquid  concentrate  containing  1.3  percent  active  ingredient 
and  mixed  with  a  1:1  ratio  (one  part  water  to  one  part 
thiabendazole  concentrate).  This  diluted  mixture  is  Xhcn 
injected  into  the  tree  in  various  amounts,  depending  on  the 
type  of  treatment  and  the  size  of  the  tree. 

Bayleton.  This  systemic  fungicide  ,s  formulated  as  a 
25-percent  wettable  powder  and  is  moderately  toxic.  It 
controls  several  diseases  on  flowers,  turf,  trees,  and  other 
foliage.  On  turf,  you  can  use  it  as  a  preventive  control  of  a 
variety  of  diseases.  For  corrective  control,  it  is  used  to  treat 
dollar  spot,  brown  patch,  copper  spot,  powdery  mildew,  red 
thread,  and  rusts. 

Thiram.  This  chemical  (Tfersan  75)  is  an  organic 
systemic  fungicide .  It  can  also  be  used  as  a  seed  treatment  and 
as  a  repellent  to  protect  shrubs  and  oman*entals  from  rabbit 
ar  deer  depredation.  As  a  turf  fungicide,  it  gives  preventive 
and  corrective  control  of  damping  off,  seedling  blights, 
brown  patch,  dolI**r  spot,  snow  mold,  and  others. 

Thiram  is  a  slightly  toxic  fungicide  and  is  available  as  a 
dust,  wettable  powder,  and  a  water  suspension. 


Exercise  (424): 

1.  For  each  of  the  fungicides  listed  here,  identify  :he 
characteristics  specified.  As  an  example,  number  one 
has  been  done  for  you. 

(1)  Benomyl 

a.  Type  of  fungicide— Systemic  foliar  fungicide  and  soil 
fungicide. 


c.  Residual  characteristics — Excellent,  both  as  a  prevent 
tive  and  eradicant  fungicide. 


d.  Diseases  controlled  (list  4)— Any  four  of  tho  following: 
f>owdery  mildew,  black  rot,  fusarium  patch,  brown 
patch,  dollar  spot,  and  anthracnose. 


(2)  Chloroneb 

a.  Chemical  classification. 


b.  TUrf  diseases  controlled. 


c.  Toxicity  characteristic. 


(3)  Maneb 

a.  Chemical  classification. 


b.  TUrf  diseases  controlled. 


c.  Tbxicity  characteristic. 


(4)  Thiabendazole 

a.  lypeoffungicfde. 


b.  Diseases  controlled. 


c.  Toxicity  characteristic. 


(5)  Bayleton 

a.  T^'pe^^f  fungicide. 


b.  Recommen^^cd  asea 


b.  Toxicity  characteristics— Slightly  toxic,  not  toxic  to 
higher  plants. 


c.  Toxicity  characteristic . 
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(6)  Thiram 

a.  Recommended  uses. 


b.  Diseases  controlled  (list  3). 

c.  Toxicity  characteristic. 

d.  Repellent  uses. 


2-7.  Diluting  Pesticides 

In  most  cases,  pesticides  are  received  in  concentrated 
form  to  reduce  shipping  expenses.  Therefore,  you  as  a  pest 
manager  will  be  required  to  prepare  safe  and  effective 
pesticidal  formulations .  To  do  this,  you  must  know  what  type 
of  materials  you  can  use  to  prepare  certain  products.  In 
addition  to  this,  you  must  be  able  to  dilute  pesticidal 
concentrates  according  to  label  instruction  and  calculate  the 
correct  amount  of  finished  product  to  do  the  job  according  to 
recommendations  provided  on  the  pesticide  label. 

In  this  section  we  discuss  identifying  supplementary 
materials  used  in  conjunction  with  pesticides,  the  compo- 
nents of  common  pesticide  formulations,  and  a  method  for 
diluting  pesticidal  concentrates. 


425.  Differentiate  between  supplementary  materials  and 
their  uses. 


Supplementary   Materials   and  Their   Uses.  The 

materials  discussed  in  this  section  are  those  that  help 
pesticides  work  more  efficiently  and  economically  by  acting 
as  solvents,  emulsifiers,  spreading  and  wetting  agents, 
adhesives  or  stickers,  perfumes  and  masking  agents, 
synergists,  and  carriers  or  diluents.  It  is  generally  not 
economical  to  apply  pesticides  as  technical  grade  material  or 
in  concentrated  form.  A  wide  variety  of  chemicals  have 
been  found  useful  in  formulating  sprays  and  dusts. 

Repellents.  These  are  substances  that  keep  pests  away 
from  plants  or  animals  by  emitting  odors  that  are  offensive  or 
by  presenting  an  appearance  or  taste  that  is  undesirable. 
Diethyl  toluamide,  a  repellent,  is  applied  to  exposed  skin 
surfaces  and  clothing  to  prevent  attack  by  mosquitoes  and 
other  arthropods.  Moths  are  repelled  by  clothing  treated  with 
naphthalene.  Repellents  do  not  necessarily  kill  arthropods, 
but  they  do  protect  people  and  materials  from  arthropod 
attack. 

Attractants,  These  are  substances  that  attract  arthropods 
by  sensory  stimulation.  They  are  used  to  lure  arthropods  into 
traps  or  away  from  certain  areas.  They  are  also  used  to 
enhance  poison  baits  so  that  an  arthropod  will  eat  it.  An 
example  of  attraction  is  the  response  of  insects  to  odors  from 


foods,  opposite  sex,  prey,  or  from  sites  suitable  for  the 
deposit  of  eggs.  A  few  attempts  have  been  made  to  use  the 
principle  of  attraction  to  induce  i>ests  to  eat  poison  baits  of  to 
lure  them  into  various  types  of  traps. 

DessicanCs.  Very  finely  powdered  silir^a  gels  and  siUca 
aerogels  have  been  tested  for  the  control  of  cockroaches, 
fleas,  kissing  bugs,  dry- wood  termites,  and  such  ectoparasites 
of  domestic  animals  as  ticks,  lice,  and  mites.  Silica 
aerogels  and  dialomaceous  earths  are  also  used  to  protect 
stored  grains  from  the  attacks  of  beetles  and  moths  in  iri^ny 
countries.  These  compounds  kill  arthropods  by  damaging  the 
outer,  waterproof  layer  of  the  arthropod  exoskeleton,  the 
cpicuticle,  either  by  absorbing  the  fatty  or  waxy  material,  or 
by  abrasion.  The  arthropods  lose  liquid  rapidly,  sometiri^es 
becoming  incapacitated  in  an  hour's  time,  and  die  by 
dessication.  These  materials  are  reported  to  be  nontoxic  to 
human  and  to  warm-blooded  animals.  Sorptive  dusts  are 
uncrystallized  and  it  is  possible  that  arthropods  '  ;U  not 
become  resistant  to  them.  The  real  problem  in  using  this  type 
of  control  is  to  keep  the  fine  jKJWder  in  areas  where 
arthropods  will  come  in  contact  with  it. 

Solvents,  A  solvent  dissolves  a  pesticide  so  that  the 
molecules  of  a  pesticide  are  evenly  dispersed  throughout  the 
resultant  solution.  The  solvent  acts  both  as  a  carrier  for  the 
pesticide  and  as  a  diluent,  reducing  the  concentration  of  the 
insecticide  to  the  most  economical  pcicentage.  Son^e 
solvents,  such  as  petroleum  products,  also  add  to  the 
insect-killing  powers  of  the  formulation.  Many  pesticides  are 
dissolved  in  solvents  such  as  fuel  oil,  kerosene,  or  xylene  in 
the  preparation  of  field  spray  solutions  or  emulsifiable 
concentrates.  The  selection  of  a  solvent  depends  on  its  ability 
to  hold  the  pesticide  in  solution,  its  toxicity  to  animal  ^nd 
plant  life,  its  odor  and  staining  characteristics,  and  its  fine 
hazard. 

TVo  general  types  of  solvents  are  commonly  used:  (1) 
volatile  liquids,  such  as  xylene,  which  evaporate  after 
spraying  and  leave  only  a  residual  deposit  of  the  pesticide, 
and  (2)  nonvolatile  or  semivolatile  liquids,  such  as  petroleum 
oil,  which  leave  the  surface  coated  with  a  solution  of  the 
toxicant.  Fuel  oil  and  kerosene  do  not  dissolve  the  high 
concentrations  of  pesticides  needed  to  make  emulsifiable 
concentrates,  so  other  compounds  are  often  used  as  auxiliary 
solvents.  The  flashpoint  must  be  considen^d  when  selecting  a 
pesticidal  solvent  for  fogging  operations.  Materials  with  a 
low  flashj>oint  increase  the  fire  hazard  of  an  insecticide; 
therefore,  solvents  with  flashpoints  over  200"*  F  are 
preferred. 

Emulsifiers,  An  emulsifier  is  a  surface  active  agent 
(detergent)  that  stabilizes  a  mixture  of  a  liquid  within  a  liquid . 
Milk,  for  example,  is  an  emulsio:  witn  tiny  gloDuies  of 
butterfat  and  other  ingredients  suspended  in  water.  A 
technical  grade  insecticide  may  be  dissolved  in  xylene  and  an 
emulsifier  added  to  produce  an  emulsifiable  concentrate  of 
low  bulk  that  may  be  stored  and  moved  with  ease,  rather  than 
storing  or  shipping  large  amounts  of  more  dilute  materials. 
At  the  time  of  use,  the  concentrate  is  diluted  with  water,  the 
most  universal  and  economical  carrier,  to  produce  an 
inexpensive  and  effective  emulsion. 

The  emulsifier  forms  a  thin  film  around  each  minute 
droplet  of  oil,  resisting  the  tendency  of  the  droplets  to 
coalesce  and  separate  into  continuous  layers  of  oil  and  water. 
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In  the  familiar  oil-in-water  insecticidal  emulsions,  the  many 
finely  divided  oil  droplets  form  the  dispersed  phase  and  the 
water  comprises  the  continuous  phase. 

The  early  emulsifiers  were  soaps,  but  modem  usage 
requires  more  effective  synthetic  detergents  such  as  the 
TKtons,  Spans,  and  IWeens.  Substances  that  lower  the 
surface  tension  of  water  tend  to  stabilize  a  water  emulsion. 

Spreading  and  wetting  agents.  Many  of  the  synthetic 
emulsifiers  and  detergents  are  also  used  as  wetting  and 
spreading  agents.  These  agents  are  rather  difficult  to  define, 
except  according  to  the  manner  in  which  they  are  used. 
Detergents  are  developed  primarily  for  their  cleaning  ability. 
Spreading  agents,  such  as  Hercules  THton  B-1956,  may  be 
added  to  oil  larvicides  to  decrease  the  surtace  in  which  the 
larvae  live.  Wetting  agents  promote  the  formation  of  a 
continuous  film  of  pesticide  cn  water-repellent  surfaces  or 
increase  the  rate  with  which  the  pesticide  soaks  into  or  wets 
other  materials.  Sulfonated  oils,  the  higher  sodium  alkyl 
sulfates,  and  other  surface-active  dispersants  may  be  added 
to  pesticidal  dusts  to  produce  wettable  pesticide  powders 
(also  known  as  water-dispersible  powders)  that  form 
suspensions  when  added  to  water. 

Adhesives  or  stickers,  Adhesives  are  substances  added  to 
liquid  sprays  to  improve  the  adhesive  quality  of  the 
insecticidal  deposit,  especially  to  avoid  leaching  by  the  rain. 
Protective  materials  such  as  gelatin,  glue,  rosin,  and  other 
gums  are  valuable  adhesives. 

Masking  agents.  Perfumes  or  masking  agents  are 
agreeable  scents,  like  oil  of  wintergreen,  that  are  added  to 
household  insecticides  to  mask  unpleasant  odors  (such  as 
those  of  kerosene,  pyrethrum,  or  cyclohexanone).  There  are 
many  proprietary  perfumes  and  masking  agents  now 
available. 

Synergists,  Syneiigisi  .  (from  the  Greek,  meaning 
••working  together")  is  said  to  occur  when  two  materials 
give  greater  physiological  action  when  applied  together  than 
separately.  Certain  compounds  added  to  pesticidal  mixtures 
do  increase  their  toxicity;  therefore,  the  amount  of  the  basic 
pesticide  in  the  formulation  may  be  greatly  reduced.  For 
example,  the  addition  of  the  relatively  inexpensive  synei^gist 
piperonyl  butoxide  to  fly  and  mosquito  sprays  makes  it 
possible  to  reduce  the  amount  of  the  more  expensive 
pyrethram  insecticide  and  still  obtain  effect!  .  control  with 
substantial  savings  in  the  final  formulation.  These  synei;gists 
may  also  be  used  to  counteract  the  resistance  of  insects  to 
certain  chemicals.  A  synergist  apparently  brings  about  an 
alteration  in  the  insect's  physiological  reaction  to  an 
insecticide,  making  the  poison  more  effective.  A  synei^gist 
applied  as  much  as  a  day  before  the  pesticide  may  still 
produce  an  activating  effect.  However,  a  synergist  applied 
after  the  pesticide  is  of  no  value.  The  most  practicable 
procedure  is  to  mix  the  syneigist  with  the  insecticide;  then, 
only  one  application  is  required. 

Some  of  the  activators,  or  synergists,  are  piperonyl 
butoxide,  sesamex,  sulfoxide,  propylisome,  and  MGK-264. 

Carriers  and  diluents.  Most  pesticidal  dusts  are 
purchased  "ready  for  use,"  but  may  be  diluted  for  special 
purposes.  Some  of  the  generally  available  carriers  include 
attapulgitc,  bentonite,  calcite,  diatomite,  gypsum,  hydrated 
lime,  kaolin  clay,  pyrophyllite,  and  talc.  Dust  carriers  should 
be  relatively  low  in  cost,  and  must  have  greater  absorptive 
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capacity  when  they  are  used  to  absorb  liquid  pesticides  such 
as  malathion.  These  carriers  must  not  produce  any 
breakdown  of  the  pesticidal  chemical.  Dusts  are  usually 
mixed  in  a  ballmill  or  other  type  of  blending  machine.  They 
must  be  extremely  fine  particles  and  of  low  density  in  order 
that  they  may  be  airborne  for  a  considerable  distance  when 
applied. 


ExercUse  (425): 

1 .  Match  each  of  the  supplementary  materials  in  column  B 
with  its  purpose  of  use  in  column  A.  Some  column  B 
items  may  be  used  more  than  once. 


Colimn  A 

Column  B 

— (1) 

Adhesives/stickers- 

a. 

Peanut  butter,  apples. 

 (2) 

Attractants. 

and  sugar. 

 (3) 

Carriers/diluents. 

b. 

Xylene,  fuel  oil,  and 

 (4) 

Dessicants. 

kerosene. 

 (5) 

Emulsifiers. 

c. 

Oil  of  wintergreen  and 

 (6) 

Masking  agents. 

shaving  lotion. 

 (7) 

Repellents. 

d. 

Bentonite,  vemiculite. 

 (8) 

Solvents. 

and  talc. 

 (9) 

Spreading  and  wetting  agents. 

e. 

Gelatin  and  resin. 

 (10) 

Synergists. 

f. 

Silica  gels. 

g- 

Naphthalene  and  para- 

dichlorobenzene. 

h. 

Synthetic  detergents. 

i. 

Piperonyl  butoxide  and 

sesamex. 

426.  Identify  pesticide  formulations  with  their  compo- 
nents. 


Pesticide   Formulations   nnd   Their  Components. 

icides  are  produced  from  natural  or  synthetic  chemicals 
that  kill  insects  readily,  but  will  not  cause  undue  hazards  to 
man,  animals,  and  plants  when  formulated  and  applied 
correctly.  Precise  formulation  and  application  are  essential 
in  all  pesticidal  programs.  Some  toxicants  are  applied  as 
technical  grade  pesticides,  such  as  malathion  in  ultralow 
volume  (ULV)  applications.  Most  pesticides,  howeNer,  arc 
made  into  proper  strcngth  dusts,  granules,  suspensions, 
solutions,  or  emulsions  beforc  application.  Dusts  arc  often 
diluted  tc  lower  concentrations  with  talc  or  pyrophyllite. 
Wettable  powders  arc  mixed  with  water  to  form  suspensions 
of  desircd  concentration.  Liquid  sprays  are  often  purchased 
as  concentrated  solutions  or  emulsifiable  concentrates. 
Concentrated  solutions  may  be  diluted  with  oils,  and 
emulsifiable  concentrates  with  water,  to  prepare  field 
strength  solutions  or  emulsions. 

Tbchnical  grade  pesticide.  This  is  the  basic  toxic  agent  in 
its  purest  commercial  form.  It  is  rarely  chemically  pure. 
Some  technical  grade  pesticides  are  liquids;  others  occur  in 
solid  form.  Technical  grade  malathion  is  a  clear,  amber 
liquid,  whereas  chlorpyrifos  (Dursban)  is  a  white,  granular, 
crystalline  material.  Some  undiluted  technical  grade 
pesticides  are  used  in  ultralow  volume  space  applications. 
However,  in  most  cases,  technical  grade  pesticides  are  mixed 
with  a  carrier  before  use,  formini*  a  dust,  granule, 
suspension,  solution,  or  emulsion,  as  t  own  in  figures  2-1 
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DUST  or 
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♦  WETTING 
AGENT 

^  WETTABLE 
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POWER 

•  INERT 
CARRIER 

.  WETTING 
AGENT 

*  WATER 

SUSPENSION 

CFN-006 


Figure  2-1 ,  Components  ot  babicaii>  viry  lorrnulations. 


and  2-2.  Refer  to  these  figures  as  we  discuss  the  following 
liquid  and  dry  formulation. 

Pesticidal  dust.  A  pesticidal  dust  in  its  simplest  form  is 
merely  finely  pulverized  insecticide  (such  as  sulfur  dust  used 
to  repel  chiggers).  Most  pesticidal  dusts,  however,  consist  of 
the  technical  grade  pesticide  and  an  inert  carrier  such  as  talc 
or  pyrophyllite  with  each  mmute  particle  of  the  carrier  coated 
with  the  chemical  toxic  to  insects.  Dusts  may  be  applied  by 
hand,  by  simple  dust  guns,  by  large  power  dusters,  or  by 
airplanes.  These  materials  are  usually  low  in  cost,  easy  to 
apply,  nonstaining,  and  nontoxic  to  vegetation. 

Pesticides  in  dust  form  are  generally  absorbed  through  the 
skin,  but  may  be  dangerous  if  inhaled  into  the  respiratory 
tract.  Dusts  do  not  adhere  well  to  vertical  surfaces  and  are 
easily  removed  by  rain  and  wind.  They  are  unsightly  in  the 
home  and  have  been  replaced,  by  the  most  part,  by  sprays  and 
aerosols. 

Pesticidal  grannie.  These  are  basically  the  same  as  the 
dust  formulation  shown  in  figure  2-1,  except  the  carrier 
particles  are  larger.  Vermiculite  is  used  as  the  inert  carrier 
instead  of  talc  or  pyrophyllite  in  most  granular  formulations. 
Since  granules  are  heavier  than  dusts,  they  do  not  adhere  to 
leaves;  therefore,  they  will  penetrate  dense  foliage,  which 
are  real  advantages  when  you  want  the  pesticide  to  reach  the 
water  surface  for  mosquito  control  in  vegetated  swamps,  or 
to  get  to  the  ground  surface  through  trees  and  shrubs  for 
chigger  or  fire  ant  control.  Other  advantages  of  using 
granules  are  that  they  provide  longer  lasting  effects  and  they 
are  not  as  apt  to  dntt  away  from  the  target  areas. 


Wettable  powder.  This  formulation  consists  of  die 
technical  grade  pesticide,  an  inert  carrier,  and  n  wetting 
agent  (usually  a  synthetic  detei^ent)  that  helps  mix  it  with 
water.  You  can  see  this  in  figure  2-1 .  Many  wettable  powders 
have  an  anticaking  agent  that  prevents  lumping  while  in 
storage,  and  a  dispersant  that  helps  keep  the  particles  in 
suspensions  from  settling  out  too  quickly.  Wettable  powders 
may  have  a  technical  grade  chemical  content  ranging  from  15 
to  90  percent.  The  insecticide  is  coated  (absorbed)  onto  a  fine 
inert  dust,  such  as  talc  or  pyrophyllite.  Wettable  powders 
have  advantages  over  other  concentrates.  They  do  not 
require  the  addition  of  solvents,  which  can  cause  injury  to 
plants;  they  lack  a  solvent  odor;  and  they  do  not  have  a 
tendency  to  irritate  the  skin  of  the  operators  or  to  be  absorbed 
through  the  skin. 

Suspension.  This  formulation  is  obtair.ed  when  wettable 
powders  are  added  to  water.  A  great  advantage  of  a 
suspension  is  the  tendency  of  the  pesticide  to  be  deposited  on 
the  porous  surface  of  the  structure  sprayed.  When  porous 
materials  such  as  concrete,  plaster,  adobe,  or  unpainted 
wood  are  sprayed  with  a  suspension,  the  water  penetrates, 
leaving  the  carrier  and  the  maximum  amount  of  the  pesticide 
on  the  surface  available  to  kill  pests.  By  contrast,  when 
solutions  or  emulsions  are  sprayed,  they  penetrate  porous 
materials  so  that  less  of  the  pesticide  remains  on  the  surface. 
When  using  suspensions,  be  sure  to  agitate  them 
continuously  to  prevent  settling  of  the  solid  pesticide 
particles. 

Suspensions  tend  to  clog  the  strainers  and  nozzles  of 
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Figure  2-2.  Components  of  liquid  formulations. 
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sprayers,  especially  when  the  wettable  powder  is  storer*  for 
long  periods  in  humid  areas,  w:iich  causes  a  clumping  o-T 
particles,  or  when  it  is  applied  in  high  concentration.  IVou'dIc 
is  experienced  when  usinr  so  le  municipal  water  supplies. 
Some  waters  produce  foaming  while  others  require  t» 
addition  of  more  v*eliing  agent. 

Solution.  Tnis  formulation  consists  of  the  technical  grad  . 
pesticide  dissolve i  in  a  solvent  such  as  kerosene,  diesel  oi', 
or  xylene.  Solutiu'^s  are  available  as  ready-to-use  formui-.- 
tions  (e.g. ,  ordinary  household  fly  and  mosquito  sprays  witl>.  a 
low  percentage  of  pesticide)  and  as  solution  concentrates. 
Solution  concentrates  contain  a  high  percentage  of 
insecticide  and  must  ordinarily  be  diluted  in  oil,  water,  or 
other  suitable  solvent  and  diluent  indicated  on  the  label 
before  use.  Some  concentrates  are  used  without  dilution  in 
ultralow  volume  (ULV)  applications.  In  residual  spraying, 
the  solvent  evaporates  from  the  treated  surfaces,  leaving  a 
deposit  of  the  pesticide.  DDT  and  some  other  insecticides 
cause  a  **blooming"  of  fine  ci-ystals  that  are  readily  picked 
up  by  the  feet  and  bodies  of  insects.  Some  other  pesticides, 
.such  as  chlordane  and  malathion,  do  not  crystallize,  but  form 
a  thin  film  of  insecticide  on  treated  surfaces. 

Solution  concentrates  have  the  advantage  of  low  volume, 
which  reduces  bulk,  weight,  and  shipment  costs.  They  are 
diluted  at  the  destination,  often  in  the  field,  making  their 
portability  a  real  advantage.  The  diluted  mixture  is  called  a 
field  strength  solution.  Oil  solutions  are  used  outdoors 
extensively  in  fog  applicators,  but  aren't  used  for  most  dilute 
spray  applications  because  of  their  toxicity  to  plants  (you're 
using  them  for  vegetation  control). 

Emulsifiable  concentrate.  Emulsifiable  concentrates 
consist  of  the  technical  grade  pesticide,  a  solvent,  and  an 
emulsifying  agent,  usually  a  synthetic  detergent.  Emulsifi- 
able concentrates  have  the  same  advantages  as  the  solution 
concentrates,  plus  the  benefits  of  a  low  cost  and  a  readily 
available  diluent  water. 

Emulsion.  When  the  emulsifiable  concentrate  is  added  to 
water  and  agitated,  an  emulsion  is  formed,  and  the 
concentration  of  pesticide  is  reduced  to  the  desired  field 
strength.  Pesticidal  solutions  and  emulsifiable  concentrates 
usually  are  clear,  whereas  emulsions  have  an  appearance 
similar  to  milk,  the  most  common  natural  emulsion.  Unlike 
solutions,  most  emulsions  require  periodic  agitation  to 
prevent  the  concentrate  from  separating  out  of  the  water. 
Emulsions  or  solutions,  diluted  to  field  strength,  are  called 
finished  sprays. 

Emulsions  are  widely  used  for  the  residual  treatment  of 
solid  surfaces.  Pests  that  rest  on  these  treated  surfaces  are 
killed  by  the  residue  of  pesticide.  Some  emulsions  remain 
effective  for  a  longer  time  on  masonite  and  bare  or  painted 
wood  than  on  glazed  tile  or  shiny  metal.  This  is  an  important 
consideration  in  determining  the  time  interval  between 
residual  applications.  Emulsions  with  a  high  percentage  of 
the  pesticide  (and  solvent)  may  bum  plants.  Therefore,  any 
emulsions  sprayed  on  plants  should  have  a  low  percentage  of 
pesticide  and  solvent  and  a  high  percentage  of  water. 
Mosquito  larvicidal  treatments  with  emulsions  are  usually 
confined  to  shallow  bodies  of  water  and  to  treatment  of  water 
containers,  where  excessive  dilution  will  not  take  place.  Oil 
solutions  are  more  suitable  for  deep  bodies  of  water. 
Mosquito  larvicidal  treatments  with  emulsions  are  usually  in 


a  tliin  film  that  kills  the  larvae  when  they  come  to  the  sprayed 
surface  to  breathe  atmospheric  air.  Emulsions  may  damage 
aluminum,  varnish,  and  painted  surfaces,  due  to  the  action  of 
solvents  such  as  xylene.  Emulsions  are  often  corrosive  to 
metal  sprayers  and  their  fittings.  Sprayers  used  to  dispense 
emulsions  should  be  made  of  stainless  steel,  aluminum, 
fiberglass,  or  other  noncorrosive  materials.  After  use,  the 
sprayers  are  easily  cleaned  by  a  water  rinse. 

Invert  emulsion.  These  formulations  are  water-in-oil 
mixti  res  in  which  every  droplet  is  surrounded  by  oil  instead 
ov  water.  This  results  in  a  viscous  material  that  is  difficult  to 
apply  but  is  less  likely  to  drift.  This  type  of  formulation  is 
raix^ly  usee*  in  the  Air  Force,  out  it  does  have  certain  merits  in 
he/bicidal  applications. 


Exercise  (426): 

1 .    Match  the  formulation  components  in  column  A  with  the 
appropriate  pesticidal  formulation  in  column  B. 


Column  A 

Column  B 

(1) 

Tfechnical   grade   pesticide  and 

a. 

Emulsifiable  conccn< 

vermiculite. 

trates . 

(2) 

Ibchnica!  grade  pesticide,  talc. 

b. 

Invert  tmulsions. 

and  synthetic  detei^ent. 

c. 

Pesticidal  dusts. 

(3) 

Tbchnical  grade  pesticide,  xylene. 

d. 

Emulsions. 

synthetic  detergent,  and  water 

e. 

Granules. 

 (4) 

Purest  commercial  toxicant. 

f. 

Solutions. 

 (5) 

Tbchnical  grade  pesticide,  pyro- 

g- 

Suspensions. 

phyllite.  synthetic  detei^ent.  and 

h. 

Technical  grade  pesti- 

water. 

cide. 

 (6) 

Ibchnical   grade   pesticide  and 

i. 

Wettable  powders. 

kerosene. 

(7) 

'^Tbchnical  grade  insecticide,  kero- 

sene, and  water. 

 (8) 

Tfechnical   grade   pesticide  and 

pyrophyllite. 

(9) 

Technical  grade  pesticide,  xylene. 

and  synthetic  detergent. 

427.  Solve  given  pesticide  dilution  problems  based  on 
area  size. 


Determining  Pesticide  Amounts  by  Area.  In  recent 
years,  EPA  label  requirements  have  made  it  much  easier  for 
you  to  quickly  and  accurately  dilute  and  apply  pesticides. 
Specific  instructions  for  preparing  diluted  products  arc  a  part 
of  every  label.  If  you  have  some  chemicals  that  arc  so  old  that 
they  don't  have  these  instnictions,  or  the  label  is  unreadable, 
you  can't  legally  use  them.  Hence,  the  purp>ose  of  this  lesson 
is  to  show  you— in  one  quick,  easy  operation—how  to 
determine  how  much  pesticide  you  need  to  complete  a  given 
area.  It  doesn't  matter  if  you're  using  liquids,  solids,  or  both; 
the  formula  is  the  same,  and  it  has  only  four  steps. 

Step  L  Find  the  product  rate  on  the  label.  An  example  of 
this  is  "20  pounds  per  acre."  When  you've  found  this, 
you're  dee  with  step  1 . 

Step  2.  Find  out  the  si:--  of  the  a'l'ea  you  have  to  treat.  The 
industrial  engineering  section  in  CE  ::m  tell  you  this  for  large 
outdoor  areas  or  individual  buildinj,s.  If  you  want  to  figure 
this  out  for  yourself,  refer  to  table  2  1 .  For  example,  if  you 
have  to  treat  an  area  that  measures  400  by  750  feet,  then  400 
X  750  =  300,000  square  feet  you  must  treat. 
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TABLE  2-1 

CALCULATIONS 


1.  Conversions  o£  units  of  mcasurcst 

a.  To  convert  square  yards  to  square  feet  multiply  by  "9". 

b.  To  convert  "-luare  feet  to  square  yards  divide  by  "9". 

c.  To  convert  the  area  to  be  treated  to  match  the  application 
units  on  the  product  label,   divide  the  application  units 
(5a)    into  the  total  area    (5b) .   This  gives  the  a/en  In 
BLOCK  units. 

d.  To  convert  acres  to  square   feet  multiply  by  43,560. 

e.  To  convert  square  feet  to  acres  multiply  by  .OO0O23i 
•r  multiply  by  23  and  move  the  decimal  to  the  left 
six  places  in  your  answer. 

f.  Common  conversion  equivalents: 
1  oz.   -  30  grama 

1  fl.  oz.  -  30  milliliters 

1  lb.        16  ounces 

1  gal     -  128   fluid  ounces 

1  qt.    -   32  fluid  ounces 

1  K<jr.   "22  pounds  -   1000  grams 

1  mi.   «  5,380  linear  feet  -   1,760   linear  yards 

1  Ac.    -  43,360  square  feet 

1  cup  -  8  fluid  ounces  -  16  Tablespoons 

1  dry  cup  ■  4  ounces 

2.  Area  calculations: 

a.  Length  X  Width  -  Rectangle 

2 

b.  (3.14)    X  Radius       -  Circle 

c.  1/2  Base  X  Point  Height  -  Triangle 

3.  Perimeter  measurement: 

a.  (Length  *  Width)   X  2  -  Rectangle 

b.  (3.14)    X  Radius  X  2  -  Circle 

c.  Sum  of  all  the  sides  -  Triangle 
.  Volume  calculations! 

a.  Length  X  Width  X  Depth  -  volume 

b.  Surface  Acres   (L  X  W)   X  Average  Depth  in  Feet  -  Acre/Ft. 

5.  Computing  total  product: 

a.  Find  product  rate  on  the  label 

b.  Find  area 

c.  Convert  area  utiits  in  "b"  to  match  area  units  on  product 
label    (follow  "Ic") . 

d.  Multiply  "C"  times  "A"  -  Total  product 

6.  Computing  total  active  ingredient   (A.I.)    for  AF  Form  290: 

a.  Compute  total  product 

b.  Use  formula  #1  when  computing  pounds  A.I.   for  dry  chemicals! 
use  formula  #2  when  computing  pounds  A. I.   for  liquid 
chemicals. 

Formula  #1  -  Dry 

Total  produce  X  %A.I.     •  Pounds  A.I. 
106 

Formula  #2  -  Liquid 

Total  produce  x  lbs.  A.I.  or  A.E.  per  gal.  *  Pounds  A.I. 


Move  the  decimal  point  over  6  places  to  get  6.9  acres. 

There  is  one  more  step  sometimes  involved  here.  If,  for 
example,  you  must  apply  1  gallon  of  a  product  to  each  10 
acres  and  you  have  50  acres  to  treat,  you'd  have  to  figure  oi»t 
how  many  * 'groups  of  10  acres"  you  have.  To  do  this,  simply 
divide  the  unit  area  into  the  total  size  of  the  area  to  be  treated: 

50  -i-  10  =  5  *'groups  of  lOacres.** 

Siep  4,  Multiply  the  answers  in  steps  1  and  3.  For  the 
above  problem,  it  would  work  out  like  this: 

20lbs/acrc  x  6.9  acres  =  138  pounds  of  concentrate. 

Refer  to  the  following  case  situations  to  see  how  this 
formula  works  for  other  problems. 

Case  Situation  #1:  You're  going  to  apply  Tebuthiuron 
herbicide  to  a  field  at  the  rate  of  2  pounds  per  acre.  The  area  is 
500  by  3,500  feet. 

•  Step  1 .  The  product  rate  is  2  pounds  per  acre. 

•  Step  2.  The  area  size  is  500  by  3,500  feet. 

•  Step  3 .  Convert  the  area  units  in  step  2  to  match  the  area 
unit  in  step  1 . 

Since  the  product  refers  to  acres,  you  must  first  determine  the 
total  number  of  square  feet  and  then  convert  it  to  acres: 

500'  X  3,500'  =  1, 750,000 square  feet. 

Then: 

1 ,750,000  X  23  =  40,250,000.  After  moving  the  decimal  point  six 
places  to  the  left,  you  get  40.25  acres  you'll  treat. 

Step  4.  Multiply  the  answers  in  steps  1  and  3.  Since  you 
have  40.25  acres  and  will  apply  2  pounds  per  acre,  then: 

40.25  X  2  =  80.5  pounds  of  product  needed. 

Case  Situation  #2.  You  must  apply  Maneb  fungicide  to  a 
yard  measuring  1 10'  by  40'  in  the  front  and  back  and  30'  by 
20'  on  each  side.  Label  instructions  say  to  apply  the 
concentrate  at  3  ounces  per  1 ,000  square  feet. 

•  Step  1 .  The  product  rate  is  3  ounces  per  1 ,000  square 
feei. 

•  Step  2.  You  must  figure  the  size  in  square  feet  for  4 
yard  sections,  the  front,  back,  and  2  sides: 

a.  110'  x40'  X  2  sections  =    8,800  square  feet 

b.  30'  X  20'  X  2  sections  =    1,200  square  feet 

Ibtal:  10,000  square  feet 

•  Step  3.  Both  units  in  steps  1  and  2  are  ia  square  feet,  but 
you  must  find  out  how  many  * 'groups  of  1 ,000"  you 
have: 


Step  3,  Convert  the  area  urJts  in  step  2  to  match  the  area 
unit  in  step  1 .  Look  back  and  you'll  see  that  in  step  2,  the  unit 
was  square  feet — in  step  1 ,  acres.  Now  refer  to  table  2-1  and 
use  the  formula  for  converting  square  feet  to  acres.  This  is 
how  the  above  problem  would  work  out: 

300,000  sq.  ft.  X  23  ==  6,900,000. 


10,000 -^  1,000  =  10  **groups  of  1.000** 

•  Step  4.  Multiply  the  answers  in  steps  1  and  3: 

302  X  10  =  30  ounces  of  concentrate  needed. 

By  now  you  should  understand  the  formula.  The  following 
exercises  give  you  a  chance  to  test  your  skills. 
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BEST  COPY  AVAILABLE 


TABLE  2-1  (Con'd) 


RECTANGLE : 

Area  -  L  x  W  Perimetnr  =    (L  +  W)    X  2 

E  X  a  mp  le:     Pinrt     ^  r^an     r\f^                                        '  ^ 

*■          ciLsjcx  t) r   rectanoie  with 
length  of    18   ft  and  width 

of   12  ft 

Area  =  L  x  W 

=    18   X  12 
=   216   sq  ft 

t^"^^ "      ina  tne  perimeter  of  the 
same   rectangle . 

Perimeter  =    (L  +         y  9 

=    (18   +   12)    X  2 
=    (30)    X  2 
—  D  u   r  t 

Remember , 
the  same . 

a  square  is 

a 

rectangle  where  the   length  and  -width  are 

CIRCLE: 

Area  =  TT  X  r^    (r  x  r)  where 
=  3.14 

oJL— 

Example:    Find  at-i^^          r^-i>-^ic»  ..^^u 
"    *■           ui.(:^ci  or   circle  witn 

radius  of   10  feet. 

I 

/ 

Area  =       TT   X   10   X  10 
=  3. 14   X   10  X  10 
=  3.14  X  inn 
=  314   square  feet 

Circumference  =     TT  X  r  X  2 

r,xampj.e.   Find  Circumference  of  the 
above  circle. 

Circumference  =       TT  X  r  X  2 
=3.14X10X2 
=   3.14   X  20 
=   62.8  feet 

Remember , 
radius. 

the  diameter 

of 

a  circle  is  twice  the  length  of  the 

TRIANGLE: 

Area  =   1/2  X  b  X  h 
Perimeter  =  b  +  s  +  s 

/ 

h 

Example:   Find  area  of  a  triangle 
with  base  of   46   feet  and 
height  of  20  feet. 

Area  =   1/2   X   46   X  20 
=   1/2  X  920 
=   460   sq  ft. 

Example:   Find  perimeter  of  triangle 
with  base  of   46   feet  and 
•^^i^c^o  Kjj,  reet. 

Perimeter  =  b  +  s  +  s 

=46+42+42 
=   130  feet 

b 
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Exercises  (427):  2.    A  glyphosate  label  says  to  apply  1  quart  of  concentrate 

1.    How  many  gallons  of  a  concentrate  containing  6  pounds  per  acre  to  control  annual  weeds.  You'll  apply  this  along 

per  gallon  would  you  use  to  treat  20  acres  of  land  if  the  a  perimeter  fence  that  is  2.5  miles  long,  spraying  1  foot 

rate  ofapplication  on  the  label  is  1  gallon  concentrate  per  out  from  each  side  of  the  fence.  How  many  quarts  of 

100  gallons  of  water  applied  to  5  acres?  concentrate  will  you  need? 
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CHAPTER  3 


Pesticide  Dispersal  Equipment 


SINCis  1940,  insect  control  has  been  revolutionized  by  two 
outstanding  developments;  first,  the  production  of 
phenomenally  effective  pesticides  such  as  the  chlorinated 
hydrocarbons,  organopfiosnhates,  and  carbamates;  and 
second,  the  parallel  development  of  new  types  of  pesticide 
application  equipment.  Ultralow  volume  insecticide 
generators,  for  example,  became  available  only  a  few  years 
ago  and  have  a  considerable  impact  on  the  efficiency  and 
effectiveness  of  many  pest  management  programs. 

Hundreds  of  different  kinds  of  sprayers,  dusters,  aerosol 
generators,  and  other  devices  have  been  designed, 
manufactured,  and  marketed.  Your  selection  of  the  best 
equipment  for  a  pest  management  program  is  of  great 
importance  since  pesticide  application  problems  may 
seriously  affect  a  program.  Safely  and  efficiently  applying 
pesticides  to  control  insects  and  other  arthropods  requires  a 
knowledge  of  pesticide  application  equipment  and  training  in 
the  method  of  applying  these  pesticides. 

ITiis  chapter  identifies  and  describes  the  uses  of 
equipment  commonly  used  by  Air  Force  pest  managers; 
outlines  operational  and  maintenance  responsibilities  and 
procedures;  and  describes  the  methods  used  for  regulating 
dispersal  rates  and  calibrating  pesticide  dispersal  equipment. 

3-1 .  lypes  and  Uses  of  Equipment 

You  can  use  some  equipment  items  in  several  different 
types  of  pest  management  programs.  However,  there  is 
usually  one  piece  of  equipment  that  is  safer  and  more  efficient 
for  a  particular  program  than  other  types  of  equipment.  The 
purpose  of  this  section  is  to  give  you  a  basis  for  selecting 
pesticide  dispersal  equipment  and  help  you  identify  some  of 
the  types  and  uses  of  pesticide  dispersal  equipment 
comrponly  used  in  Air  Force  pest  management  programs. 

428.  Identify  factors  involved  in  selecting  pest  management 
equipment. 

BasLs  for  Selecting  Equipment.  Before  the  actual  selection 
of  pest  management  equipment,  you  must  consider  all  the 
factors  outlined  in  Volume  2  and  Chapter  2  of  this  volume. 

After  reviewing  rnese  lessons,  yoK  can  see  that  there  are 
many  factors  to  consider  in  selecting  equipment;  and  yet, 
there  are  more. 

The  remaining  factors  that  are  used  as  basis  for  selecting 
equipment  are  dependent  upon: 


•  Availability. 

•  Effectiveness. 

•  Safeness. 

•  Cost. 

•  Durability  of  the  equipment. 

Availabiiity,  When  selecting  equipment  to  be  used  for  a 
particular  pest  .iianagemem  situation,  base  your  selection  on 
the  equipment  that  is  presently  available,  providing  it  will  do 
the  job  effectively  and  safely.  However,  there  may  be  some 
pest  management  situations  that  will  require  special 
equipment.  In  tliis  case,  check  the  table  of  allowance  (TA 
489,  Part  C)  to  see  if  the  equipment  you  want  is  listed  and 
authorized  for  your  section.  Whether  the  equipment  is 
authorized  or  not,  you  must  prepare  and  submit  sufficient 
justification  as  to  why  this  equipment  is  required. 

Effectiveness.  This  is  one  of  the  primary  factors  you  must 
consider  when  you  select  equipment.  The  equipment  you 
choose  must  be  the  most  effective  for  doing  the  job. 

In  the  following  lesson,  you'll  learn  more  about  equipment 
effectiveness  in  regards  to  the  pesticide  particle  size  it  creates. 

Safety.  This  the  most  important  factor  for  you  to  consider 
when  selecting  shop  equipment.  Regardless  of  how  effective 
the  equipment  might  be  for  a  pest  management  situation,  if  it 
is  unsafe,  you  can't  use  it. 

Cost,  With  today's  austere  operational  budget,  it  is  essential 
that  you  strongly  consider  equipment  costs.  Ideally  the  equip- 
ment you  select  should  be  low  in  initial  cost  and  inexpensive  to 
maintain. 

Durability.  Consider  durability  when  you  contemplate 
the  total  cost  of  the  equipment.  The  item  may  lave  a  low 
purchase  price,  which  would  be  low  in  cost  initially,  but  if 
it  isn't  durable,  the  overall  cost  may  be  great  due  to  maintenance 
and,  possibly,  replacement  costs. 

Remember,  the  effective  use  of  pesticides  depends  upon 
your  having  efficient  and  durable  equipment.  When  you 
select  equipment,  do  it  on  the  basis  of  its  being  the  safest  and 
most  effective  for  the  work  you  do. 

Exercises  (428): 

1 .    Why  is  the  identification  of  the  type  of  pest  important  in 
selecting  control  equipment? 


2.    The  equipment  you  select  must  be  the  most 
fordoing  the  job. 


32 


288 


3.    Your  selection  should  be  based  on  that  which  is  presently 

 and  provided  that  it  will  do  the  job  

and  


4.    The  most  important  factor  to  consider  in  selecting 
equipment  is  that  the  equipment  must  be  . 


5.    The  equipment  you  select  sh'-uld  be  low  in 
initially  and  to  maintain. 


6.    If  the  equipment  is  not 
be  great. 


_,  the  overall  cost  may 


429.  Identify  pesticide  particle  sizes  with  the  type  of 
application  each  describes,  and  specify  facts  about  how 
pesticide  particle  size  affects  performance. 


Pesticide  Application  and  Particle  Size.  The  effectiveness 
of  an  equipment  item  and  the  pesticide  it  disperses  is  greatly 
influenced  by  the  size  of  the  droplets  of  pesticide  generated. 
For  example,  in  residual  applications,  a  spray  is  desirable  in 
order  to  wet  the  surface  and  leave  a  long-lasting  deposit.  In 
space  spraying,  where  you  want  to  kill  mosquitoes  and  flies 
on  the  wing,  use  a  mist  or  fog  so  the  pesticide  will  remain 
suspended  in  the  air  for  a  long  time  to  kill  the  insects  exposed 
to  the  droplets.  Pesticides  n»ay  be  applied  as  liquid  or  dusts. 

Liquid  sprays.  Liquid  sprays  range  from  rainlike  drops 
delivered  by  orchard  sprayers  to  mists  and  fogs  produced  by 
mist,  fog,  or  aerosol  generators.  It  is  impossible  to  break  up  a 
liquid  into  entirely  uniform  droplets,  although  the  range  of 
droplet  size  may  be  considerably  restricted.  There  are  always 
some  fine  droplets  among  the  others,  even  when  the  spray  is 
rather  coarse.  The  usual  practice  is  to  refer  to  the  mass 
median  diameter  (MMD)  of  the  spray,  which  is  the  droplet 
diameter  that  divides  the  volume  or  mass  of  the  spray  into  two 
equal  portions,  respectively,  more  finely  and  more  coarsely 
atomized .  The  unit  of  measurement  is  the  micron  ,1/1 ,000  of 
a  millimeter  or  about  1/25,000  of  an  inch.  The  average 
diameter  of  a  human  hair  is  about  100  microns. 

Coarse  sprays  contain  droplets  400  microns  or  mc.e  in 
diameter  which  are  produced  with  coarse  disc  nozzles  or 
solid-stream  gun  nozzles. 

Fine  sprays  have  droplets  ranging  from  100  to  400 
microns,  produced  with  high  pressure  through  hollowcone 
and  fan-spray  nozzles. 

Mists  range  in  droplet  size  from  50  to  100  microns  in 
diameter.  They  are  produced  by  high-pressure  pumps, 
high-speed  mechanical  rotors,  and  atomizers. 

Aerosols,  smokes,  and  fogs.  Aerosols,  smokes,  and  fogs 
may  be  defined  as  assemblages  of  solic-  particles  or  liquid 
droplets  suspended  in  air  and  ranging  in  size  from  0. 1  to  50 


microns.  Pesticidal  aerosols  and  fogs  may  be  produced  by 
spraying  insecticides  into  a  blast  of  hot  air  as  with  a  thermal 
aerosol  generator,  or  by  mixing  them  with  a  liquified  gas, 
which  is  then  released  through  small  orifices,  as  with  the 
household  *'bug  bomb."  Th^  can  also  be  produced  by 
atomization  from  very  fine  nozzles,  or  by  being  thrown  off 
the  rim  of  high-speed  rotors. 

Fumigants.  This  includes  fumes,  vapors,  and  gases  and 
consists  of  particles  in  the  range  of  0.001  to  0.1  microns  in 
diameter.  These  are  common  in  the  release  of  fumigant 
compounds  within  the  atmosphere. 

Dusts  and  granules.  Pesticidal  dusts  occur  in  three  sizes: 

•  Coarse  dusts  have  a  particle  size  about  175  microns  or 
larger,  which  include  granules. 

•  Medium  dusts  range  from  45  to  175  microns. 

•  Fine  dusts  have  a  particle  size  of  44  microns  or  less. 

Fine  dust  particles  will  pass  through  a  325-mesh  screen; 
i.e.,  one  with  325  wires  to  the  inch.  A  coarse  dust  is  used 
where  excessive  drifi  must  be  avoided,  as  in  aerial 
application. 

During  the  past  few  years,  increasing  concern  has  been 
expressed  about  the  effects  of  pesticides  on  nontarget 
organisms,  particularly  from  the  buildup  of  f>esticides  in  the 
environment  following  repeated  applications.  Therefore, 
there  has  been  great  interest  in  recent  research  indicating  that 
very  effective  control  of  insects  could  be  obtained  by 
dispensing  very  small  amounts  of  pesticide  (such  as  0.5 
ounce  of  naled  or  3  ounces  of  malathion  per  acre)  in  the  form 
of  millions  of  tiny  droplets  evenly  disf>ersed  over  large  areas. 

Today  we  know  that  the  effectiver  ess  cf  a  pesticide 
increases  with  an  increase  of  its  exposed  surface.  For 
droplets  of  different  diameters,  the  volumes  are  to  each  other 
as  the  cubes  of  the  diameters,  while  tht  surfaces  are  to  each 
other  as  the  squares  of  the  diameters.  Thus,  for  equal 
volumes  of  one  aerosol  disf>ersed  as  droplet^  of  50  microns  in 
diameter  and  another  as  droplets  of  5  microns  in  diameter, 
there  would  be  10  x  10  x  10,  or  1 ,000  times,  as  r.iany  of  the 
smaller  droplets,  while  the  surface  area  of  he  smaller  droplets 
would  be  10  X  10,  or  100  times,  as  great  as  the  total  surface  area 
of  the  larger  droplets. 


Exercises  (429): 

1 .    Match  each  pesticide  particle  size  range  in  column  B 
with  the  type  of  application  in  column  A. 


Column  A 
Ji\.)  Aerosols  and  fogs. 
_(2.)  Fine  sprays. 
_(3.)  Fumigants. 
_(4.)  Medium  dusts. 
„(5.)  Mists. 


Column  B 

a.  0.001  to  0.1. 

b.  0.1  to  50. 

c.  50  to  100. 

d.  45  to  75. 

e.  100to400. 


The  average  diameter  of  a  human  hair  is  about  

microns. 

The  effectiveness  of  a  pesticide  is  greatly  influenced  by 

the  of  the  particles  when  applied. 

If  you  were  applying  pesticide  particles  that  range  in  size 
from  0. 1  to  50  microns  as  opposed  to  particles  that  range 
in  size  from  50  to  100  microns,  the  effectiveness  of  the 
p)esticide  would  


EKLC 


33 

289 


430.  Differentiate  between  listed  items  of  manual  spray 
applicators  and  their  described  uses. 

Types  and  Uses  of  Manual  Sprayers.  Now  that  you 
know  the  factors  you  must  consider  when  selecting 
equipment,  you  must  knov  the  types  and  uses  of  manual 
sprayers  that  you  can  use  to  carry  out  safe  and  effective  pest 
management  programs . 

Generally  speaking,  tl^ere  are  three  manually  operated 
sprayers  that  are  commonly  used  in  Air  Force  pest 
management  programs:  compressed  air  sprayers,  aerosol 
dispensers,  and  pressurized  cylinders. 

Compressed  air  sprayers.  This  item  of  equipment  (fig. 
3-1)  is  the  mainstay  of  most  pest  management  programs.  It  is 
used  particularly  to  apply  residuzd  sprays  for  mosquito,  fly, 
and  flea  control;  larvicides  for  mosquito  and  fly  control;  spot 
treatments  and  crack  crevice  treatments  for  cockroaches, 
ants,  ticks,  and  many  other  types  of  househould  insects;  and 
small  area  treatments  outside  to  control  fleas ,  ticks,  and  other 
pest  species.  (NOTE:  Be  cautious  in  selecting  high-quality 
equipment.) 


Aerosol  dispensers.  The  aerosol  dispenser  "bug  bomb'' 
is  more  widely  used  by  the  general  public  than  any  other  type 
of  pesticide  applicator. 

This  is  a  small  low-pressure,  disposable  dispenser  (fig. 
3-2)  that  is  used  in  the  average  household  for  flying  insect 
control.  Depending  on  the  inseciicidal  formulation,  it  may 
also  be  used  to  control  crawling  insects.  You  will  probably 
frequently  hear  of  people  who  use  the  wrong  tyi>e  of  product 
for  their  purposes  as  a  result  of  this  fact. 

For  pest  managers,  aerosol  disf)ensers  are  often  used  as 
inspection  tools  to  flush  indoor  pests  from  cracks,  crevices, 
and  other  harborage  areas. 

One  of  the  most  common  types  of  aerosol  dispensers  for 
flies  and  mosquitoes  contains  pyrethrum,  allethrin,  or 
synthetic  pyrethrum  for  quick  knockdown,  a  synergist  such 
as  piperonyl  butoxide,  and  a  synthetic  insecticide  such  as 
methoxychlor  for  the  kill.  Other  aerosol  dispensers  contain 
different  chemicals  to  kill  cockroaches,  ants,  and  other 
household  insects.  One  bomb,  manufactured  to  throw  a  fine 
stream  for  10  to  20  feet,  is  used  to  spn:y  nests  of  stinging 
insects  such  as  wasps  and  hornets  from  a  safe  distance. 

Pressurized  cylinders.  Another  type  of  spray  system  you 
can  use  is  the  pressurized  cylinder  (fig.  3-3).  Tnis  is 
esi>ecially  designed  for  ULV  application  of  liquid  pesticides 
The  cylinder,  typically  having  a  15-pound  capacity,  is 
pressurized  as  is  the  more  typical  aerosol  dispenser; 
however,  it  differs  in  that  the  only  solvent  in  the  tank  is  the 
propellent  gas  (which  together  with  the  pesticide)  is  the  entire 
contents  of  the  tank.  The  cylinder  is  equipped  with  an 
extension  hose  and  tube  you  can  use  to  inject  the  fine 
pesticide  particles  into  cracks  and  wall  voids. 


ULV,  Fogging  or 
Crack  S  Crevice 
Items 


Figure  3-3.  Pressurized  cylinder 


Exercise  (430): 

1.  Match  the  equipment  uses  in  column  A  with  the 
applicator  you  should  use  in  column  B.  Some  column  B 
items  may  be  used  more  than  once. 


Column  A 
.  (1)  Most  frequently  used  for  space 

applications  in  homes  and  offices. 
.  (2)  Used  to  inject  pesticide  particles 

into  cracks  and  wall  voids. 


Column  B 

a.  Compressed  air  sprayer 

b.  Aerosol  dispe:7^-'^( 

c.  Prcssiri'cd  cylinder. 


Column  A 

 (3)  Used  to  apply  residual  sprays  in 

buildings  and  to  small  outside 
areas  to  control  crawling  insects, 

 (4)  Used  as  an  inspection  tool  for 

flushing  insects  from  cracks  and 
crevices. 


431.  Identify  types  of  manual  dusters  with  their  described 
uses. 


Types  and  Uses  of  Manual  Dusters.  There  are  several 
typ>es  and  variations  of  manual  dusters;  eight  will  be 
described  in  this  lesson.  You  must  be  able  to  recognize  these 
items  of  equipment  and  krjw  uses  since  they  are 

frequently  discussed  in  day-to-day  Air  Force  pest  management 
programs  and  li*2rature. 

Hand  shaken  The  hand  shaker  (fig.  3-4)  is  ideal  for 
pi.icing  pesticides  on  high  or  hard-to-reach  areas.  You  can 
use  a  large  shaker  which  holds  9  pounds  of  insecticidal  dust  to 
dust  exposed  rat  runs  along  the  base  of  walls  and  foundations 
to  kill  rat  ectoparasites  like  oriental  rat  fleas  which  transmits 
sevi  al  disease  organism.  JSmall  1-  or  2-pound  shakers  may 
be  used  for  dusting  rat  runs  you  can't  get  with  the  large 
shaker. 

Hand  bellows.  This  duster  (fig.  3-5)  is  used  where  careful 
placement  and  neatness  are  essential,  dusting  crevices  where 
cockroaches  and  silverfish  hide,  or  placing  a  small  amount  of 
anticoagulant  dust  in  voids  for  mouse  control. 

Bulb  duster.  The  bulb  duster  (fig.  3-6)  is  also  designed  for 
careful  indoor  dusting  operations.  Its  uses  are  basically  the 
same  as  the  hand  t)eUows,  but  some  op>erators  prefer  the  bulb 
duster  over  the  hand  bellows . 

Plunger  duster.  The  plunger  duster  (fig.  3-7)  is  suitable 
for  applying  patches  of  malathion  and  carbaryl  dust  outdoors 
or  in  outbuildings  for  rodent  ectoparasite  control.  You  may 
also  :s»5  this  duster  to  apply  pesticides  to  control  many  other 
types  of  pests  such  as  chiggers.  mites  and  ticks. 


figure  3^.  Hand  shaker  Figure  3'f>.  Hand  bellows. 
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Rotary  duster.  The  rotary  duster  (fig.  3-8)  is  used 
effectively  for  applying  pesticides  for  controlling  fleas, 
ticks,  and  other  ectoparasites  around  buildings,  and  for 
applying  dusts  as  mosquito  larvicides.  Most  rotary  hand 
dusters  are  sold  with  a  fan~shaf)ed  tip  to  give  a  broad  band  of 
dust  for  mosquito  larviciding  or  for  area  treatment  in  flea, 
tick,  or  chigger  control. 

Foot  pump  duster  The  foot  pump  duster  (fig.  3-9)  is 
designed  to  apply  calcium  cyanide  to  rat  burrows  to  kill  rats 
and  their  ectoparasites.  It  is  also  useful  for  applying  dust  to 
rodent  burrows  and  other  inclosed  harborages. 

Compressed-air  duster  The  compressed-air  duster  (fig. 
3-10)  is  similar  to  the  compressed-air  sprayer,  except  it  is 
adapted  for  applying  dusts.  However,  instead  of  having  a 
hand  pump  attached,  you  must  charge  the  tank  at  a  source  of 
compressed  air  aft::r  you've  put  dust  in  the  tank.  You  can  then 
apply  dust  by  compressing  a  lever  mounted  over  the  tank. 
This  duster  discharges  large  amounts  of  dust  very  rapidly  and 
is  mainly  used  to  dust  large  confined  areas  such  as  crawl 
spaces  under  buildings. 

Granular  spreader  There  are  two  basic  types  of 
spreaders  commonly  used  in  Air  Fence  pest  management 
programs;  one  is  known  as  the  granular  spreader  (fig.  3-11), 
and  the  other  is  a  push-type  fertilizer  spreader.  Both  types 
ran  be  used  effectively  in  applying  pestif-ide  granules  over 

.all  outdoor  areas  to  control  many  insect  larvae  and  pests  of 
vegetation. 

Exercise  (431): 

1 .    Match  the  use  of  dusters  in  column  A  with  the  type  of 
manual  dusters  in  column  B. 

Column  A  Column  B 
 (I)  Used  effectively  in  controlling        a.  Hand  shakers, 

fleas  and  ticks  around  buildings        b.  Hand  bellows. 

and  applying  larvicides.  c.  Bulb  dusters. 
 (2)  Ideal  for  placing  pesticides  on        d.  Plunger  dusters, 

high  or  hard'to-rcach  areas.  e.  RoUry  dusters. 
 (3)  Used  outdoors  to  distribute  pes ti-        f.  Foot  pump  dusters. 

cides  to  control  insect  larvae  and        g.  Compressed-air  duster. 

pest  vegetation.  h.  Granular  spreaders. 
 (4)  Used  where  careful  placement  and 

neatness  are  essential. 
 (5)  Discharges  large  amounts  of  dust 

very  rapidly. 
 (6)  Used  to  apply  calcium  cyanide  to 

rat  burrows. 
 (7)  Suitable  for  applying  patches  of 

malathion  and  carbaryl  dust  out- 
doors or  in  outbuildings. 
 (8)  Designed  for  careful  indoor  dusting 

operation. 

432.  Identify  items  of  portable  powered  equipment  with 
their  recommended  uses  and  characteristics. 


Types  and  Uses  of  Portable  Powered  Equipment. 

Portable  powered  equipment  has  improved  pest  management 
programs  tremendously.  It  gives  you  access  to  areas  you 
couldn't  otherwise  reach  with  larger  equipment  items  and  at 
the  same  time,  reduces  time  requirements  for  treatment. 
You'll  learn  about  these  items  of  equipment,  along  with  their 


Figure  3-  U .  Granular  spreader. 


common  uses,  in  this  lesson.  For  text  purposes,  the  term 
•^portable"  applies  to  items  of  equipment  that  can  be  carried 
easily  from  one  place  to  another  by  one  or  two  people. 

Backpack  mist-dust  blower  The  backpack  mist-dust 
blower  (fig.  3-12)  is  very  light  in  weight  and  one  person  can 
carry  it.  You  can  use  most  models  to  apply  liquids,  dusts,  or 
granules.  This  item  of  equipment  is  very  useful  in  applying 
pesticides  to  small  outdoor  areas  and  areas  you  can't  reach 
with  a  larger  mist-dust  blower.  This  equipment  can  be  used  to 
apply  residuals  to  trees,  shrubs,  and  grasses  for  controlling 
pests  of  vegetation,  ants,  earwigs,  and  ectoparasites  such  as 
fleas,  lice,  ticks,  and  mites.  The  backpack  mist -dust  blower 
is  also  used  in  larviciding  programs  for  mosquitoes,  flies, 
and  beetles.  It  can  also  be  used  to  treat  exterior  surfaces  of 
buildings  to  control  flying  insects  and  spiders. 

Hand-carried  ultralow  volume  (UIV)  generator  The 
hand-carried  ultralov;  volume  generator  (fig.  3-13)  is 
primarily  designed  to  disperse  technical  grade  or  very  highly 
concentrated  pesticide  formulations.  You  can  also  use  it  for 
space  and  residual  treatments  of  indoor  and  small  outdoor 
areas.  Its  principal  use  outdoors  is  for  mosquito  adulticiding 
programs  and  its  principal  use  indoors  is  for  controlling 
household  pests. 

High-pressure  pesticide  sprayer  This  portable  unit 
(fig.  3-14)  is  designed  to  precisely  mix  a  pesticide  concentrate 
with  water  as  you  work.  This  eliminates  the  need  for  a  large, 
cumbersome  spray  tank,  and  also  insures  that  you  use  only 
what  you  need  for  any  given  job.  It  also  saves  you  the  time 
and  trouble  of  mixing  liquid  pesticides  with  water  before  you 
go  on  a  job.  A  typical  unit  weighs  54  pounds,  has  a  V2- 
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iMgure  3-12.  Backpack  mist-dust  blower. 


horsepower  electric  motor,  which  operates  a  3-gallon-per- 
minute  capacity  pump,  connectors  for  a  garden  hose  and 
pesticide  tank,  and  various  dials  and  gauges  for  adjusting  the 
sprayer.  To  use  it,  you  need  a  separate  grounded  power 
source,  and  a  water  source.  Around  buildings,  this  can  be 
a  standard  water  spigot  since  the  sprayer  has  built-in  backflow 
prcventors  to  keep  pesticide  from  entering  a  main  water  source. 

Ihis  sprayer  mjecis  emuismaoie  concentrate  pesticide 
directly  into  a  high-pressure  waterflow.  This  lets  you  switch 
quickly  from  one  pesticide  to  another  and  still  comply  with 
EPA  regulations  regarding  professional  pesticide  applications. 
It  also  makes  it  easy  for  you  to  keep  accurate  records  of  how 
much  chemical  you  use  for  each  job.  The  injection  rate  is 
adjustable  from  OFF  to  6,76  ounces  of  concentrate  per  gallon 


of  water.  As  a  result,  you  must  use  pesticides  which,  when 
properly  diluted  for  the  job  you're  doing,  do  not  exceed  the 
6,76-o2/gallon  limit.  For  example,  if  you  wanted  to  control 
lawn  pests  with  an  insecticide  that  called  for  dilution  at  8 
oz/gal,  you'd  have  to  use  a  different  type  of  sprayer. 
However,  if  the  insecticide  is  diluted  at  6  oz/gallon,  then  you 
could  use  this  sprayer 

You  can  use  the  sprayer  in  any  outdoor  situation  where 
you  have  access  to  a  water  and  electricity  source. 
Attachments  are  available  that  make  it  useful  rbr  lawn 
applications  and  all  types  of  termite  treatment  work, 

Frame-mounted  hydraulic  sprayer.  This  unit  (fig,  3-15) 
is  designed  to  disperse  emulsion  and  solution  formulations  as 
sprays,  but  it  isn't  efficient  for  dispersing  suspension 
formulations  since  it  doesn't  have  an  adequate  agitator  for 
suspensions.  Since  this  sprayer  is  operated  by  a  gasoline 
engine,  it's  suitable  for  doing  the  same  jobs  as  the 
high-pressure  pesticide  sprayer,  but  in  areas  where  there  is 
no  electrical  source.  Use  it  for  soil  poisoning  operations  to 
control  termites;  to  apply  residuals  to  trees,  shrubs,  and 
grasses  to  control  pests  of  vegetation  and  ectoparasites;  to 
apply  residuals  to  exterior  surfaces  of  buildings  and  beneath 
them  to  control  disease  vectors  and  venomous  arthropods; 
and  to  apply  herbicides  and  larvicides  to  soil  and  water  areas 
to  control  beetle,  fly,  and  mosquito  larvae. 


Exercises  (432): 

1 .  Match  the  types  of  equipment  in  column  B  with  tlieir 
appropriate  uses  and  characteristics  in  column  A, 
Colum  B  items  may  be  used  more  than  once. 


Column  B 

a.  Backpack  mist-dust  blow- 
er. 

b.  Hand -carried  ULV  gen- 
erator, 

c.  High-pressure  pesticide 
sprayer. 

d.  Frame-mounted 
hydraulic  sprayer. 


Rgurc  3-13.  Hand-carried  ULV  generator. 


Column  A 
_(1)  Electrically  powered  unit  used  to 

apply  liquid  pesticides  outdoors. 
_(2)  Useful  for  applying  mists,  dust. 

and  granules. 
_(3)  Oesigned  to  disperse  technical 

grade    or   highly  concentrated 

pesticides. 
_(4)  Lightweight  unit  for  dispersing 

larvicidal  dusts. 
_(5)  Suitable  for  outdoor  spraying  jobs 

where  no  electrical  source  is 

available. 

-(6)  Used   for   space   and  residual 

treatments  in  small  indoor  or 

outdoor  areas. 
_(7)  Designed  to  disperse  emulsions 

and  suspensions. 
_(8)  Doesn*t  require  prior  mixing  of 

liquid  concentrates  with  water. 


433*  Identify  items  of  nonportable  powered  equipment 
with  their  recommended  uses. 


Types  and  Uses  of  Nonportable  Powered  Equipment. 

Nonportable  powered  equipment  as  described  in  this  text, 
is  equipment  that  you  must  transport  with  a  vehicle  due  to 
its  weight  or  awkwaidness.  The  types  of  nonportable 
powered  equipment  are  as  varied  as  the  portable  powered 
equipment.  Although  the  designed  uses  for  each  type  are 


EKLC 


38 


294 


ERIC 


RED  POINTER  HANDLE  DIAL 


BLUE  POINTER  HANDLE  DIAL 


PERCENTAGE  OF  PESTICIDE 
IN  CONCENTRATE 


PERCENTAGE  OF  PESTICIDE 
IN  FINISHED  SPRAY 


Figure  3-14.  High-pressure  pesticide  sprayer. 
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Ficnn^  3-15.  Frame-mounted  hydraulic  sprayer. 


basically  tne  same,  the  nonportable  equipment  is 
d.-.signed  for  treating  larger  areas  in  a  much  shorter  time. 

Nonportable  mist-dust  blower.  This  equipment  item  is 
manufactured  in  many  forms  for  different  pest  management 
programs.  Some  are  designed  to  be  mounted  on  trailers  and 
others  for  trucks  of  various  sizes;  some  are  designed  to  rotate 
on  a  rail  base,  and  others  are  mounted  on  a  fixed  base. 

11  can  disperse  liquid,  dust,  and  granule  tormulations  and 
you  can  use  it  to  treat  large  outdoor  areas  by  rpplying 
pesticidal  mists  and  dusts  to  trees,  shrubs,  and  grasses  to 
control  pests  that  attack  vegetation  and  the  ones  that  harbor  in 
vegetation.  The  nonportable  mist-dust  blower  (fig.  3-16)  is 
alsc  used  for  applying  residual  mist  to  exterior  surfaces  of 
buildings  for  controlling  adult  flying  insects,  and  venomous 
arthropods,  and  tor  applying  larvicides  to  turf  and  water  for 
controlling  beetle,  fly,  and  mosquito  larvae. 

lhailer-mounted  hydraulic  sprayer.  The  trailer  mounted 


Rgure  3-16.  Nonportable  mist-dust  blower. 

hydraulic  sprayer  is  used  to  apply  all  types  of  liquid 
formulations  as  sprays.  There  are  two  basic  types  of  this 
sprayer.  One  is  the  boomless  sprayer  and  the  other  is  the 
boom  sprayer;  however,  some  are  designed  to  be  used  either 
way,  as  illustrated  in  figure  3-17. 

Boomless  hydraulic  sprayer.  The  boomless  hydraulic 
sprayer  is  designed  to  disperse  pesticides  through  a  single 
nozzle  and  is  used  to  apply  residual  sprays  to  trees,  shrubs, 
vegetation,  and  buildings.  You  may  also  use  the  boomless 
hydraulic  sprayer  to  apply  herbicides  in  ditchbank,  irrigation 


Figure  3-17.  TVailer-mounted  hydraulic  sprayer. 
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and  drainage  systems;  and  in  basal-bark,  stump,  and 
fence-row  treatments. 

Boom  hydraulic  sprayer.  The  boom  hydraulic  sprayer  is 
designed  to  disperse  pesticides  through  several  nozzles  that 
are  contained  in  the  boom.  This  way  you  can  apply  the 
pesticide  at  an  even  rate  over  a  wide  area  of  soil  and  turf  in  a 
single  swath.  This  type  of  hydraulic  sprayer  is  used  in  soil 
applications  to  prevent  termite  infestations  and  seed 
germir.ation.  It  is  also  used  to  apply  pesticides  over  turf  ar 
grass  areas  to  control  larval  and  adult  .uion,  i.^ 

larvae,  weeds,  and  to  control  turf  ^ 

Nonportable  UIV  generator.  In  recent  years,  there  has 
been  a  rapid  increase  in  the  use  of  undiluted  insecticides 
applied  at  extremely  low  dosage  to  control  insects  of  medical 
and  economical  importance  using  a  nonportable  ULV 
generator. 

The  nonportable  ultralow  volume  generator  (fig.  3  18) 
has  almost  completely  replaced  the  thermal  and  cold  fog 
generators  since  it  is  much  more  efficient,  cost  effective,  and 
safe.  This  is  because  they  do  not  produce  dense  fogs — as  do 
thermal  fogs— that  constitute  a  traffic  hazard,  which  might 
result  in  deaths  of  children  running  or  bicycling  in  the  fog  or 
cars  driving  in  it.  The  nonportable  ULV  generator  is 
relatively  small.  Its  insecticide  tank  is  usually  of  the  5-  to 
10-gallon  size,  and  it  is  usually  mounted  on  a  small  vehicle 
such  as  a  V^-ton  pickup  truck. 

In  some  areas,  car  spotting,  or  damage  to  automobile 
finishes,  has  occurred  because  of  the  corrosive  properties  of 
some  of  the  insecticides,  but  generally  only  when  large 
droplets  (greater  than  100  microns,  the  diameter  of  a  human 
hair)  are  present  in  the  spray.  As  a  result,  you  must  take  great 
care  in  handling  the  concentrated  or  technical  insecticides 
used  in  the  ULV  method  because  of  increased  degree  of 
exposure  to  toxic  concentrations  of  the  chemical,  particularly 
by  spillage  during  loading  operations. 


Another  type  of  ULV  dispersal  equipment,  similar  to  the 
one  illustrated  in  figure  3-19,  cart-mounted  generator,  is 
authorized  for  use  in  large  warehouses  and  storage  areas  to 
control  stored-products  pests. 


Exercise  (433): 

1.    M  'tch  the  types  of  equipment  in  column  B  to  then 
cha.    teristics  and  uses  in  column  A. 


Column  A 

Ji\)  Used  to  apply  liquid  pesticide 
over  a  wide  area  at  an  even  rate. 

_(2)  Used  to  apply  undiluted  insect- 
icides at  extremely  low  rates. 

.(3)  Used  to  apply  mist^  and  dust^  to 
trees,  shrubs,  and  plants. 

_(4)  Used  to  apply  liquid  formulations 
tltrough  a  single  nozzle. 


Column  B 

a.  Nonportable  mist-dust 
blower. 

b.  Boomless  hydraulic 
sprayer. 

c.  Boom  hydraulic 
sprayer. 

d.  Nonportable  ULV 
generator. 


434.  Specify  the  types  of  fumigation  equipment  and 
supplies  and  their  uses  and  requirements. 


lypes  and  Uses  of  Funiigation  Equipment  and 
Supplies.  There  are  many  items  of  equipment  and  supplies 
you  need  for  fumigation  programs.  However,  the  items  that 
are  required  will  depend  upon  the  type  of  fumigation 
operation  that  is  to  be  implemented. 

In  this  lesson,  you'll  learn  about  the  types  and  uses  of 
equipment  and  supplies  that  are  commonly  required  for 
inplace  fumigating. 

Fumigant.  As  you  learned  in  objective  410,  there  are 
many  fumigant  compounds  you  may  use  in  your  pest 
management  programs.  The  uses  of  these  compounds  were 
also  discussed  within  the  same  objective.  Therefore,  they 


will  not  be  discussed  in  this  section  so  you  may  want  to 
review  them  before  you  continue  this  objective. 

Covering  material.  For  all  inplace  stack  and  structural 
fumigation  operations,  you  need  an  airtight  cover  to  place 
over  the  stack  or  building  to  contain  the  fumigant.  Use  a  thick 
heavy  material  such  as  a  10-mil  polyethylene  or  canvas  cover 
for  all  fumigation  operations  except  when  you  use  hydrogen 
phosphide.  To  perform  inplace  stack  fumigation  using 
aluminum  phosphide,  use  a  light,  thin  (2  to  6  mil) 
polyethylene  sheet. 

Thpe.  Use  wide  masking  tape  to  reinforce  the  covering 
material  at  comers  and  wherever  there  are  piotrusions  in  the 
stacks  or  buildings.  The  wide  cloth  or  cellophane  tape  can 
alio  be  used  to  make  temporary  repairs  to  the  covering  in  the 
event  it  becomes  torn. 

Sand  snakes.  This  term  applies  to  the  plastic,  sand-filled 
tubing  you  use  to  seal  the  bottom  edges  of  the  cover  on  an 
inplace  stack,  structural,  and  soil  fumigation  operations  to 
the  floor  or  ground.  You  prepare  sand  snakes  by  filling  tubes 
(6  feet  long  and  5  inches  wide)  formed  from  10  mil 
polyethyene,  nylon,  or  canvas  material  with  sand. 

You  must  apply  fumigants  at  a  certain  rate  wihin  a  specific 
amount  of  space  based  on  label  instructions;  therefore,  you 
need  a  tape  measure  to  determine  how  much  space  you'll 
treat  before  the  operation. 

Fans,  Sparkproof  electric  fans  are  required  when  you 
conduct  inplace  stack  and  structural  fumigation  operations 
with  methyl  bromide  to  keep  the  fumigant  circulating. 
Without  the  fans,  methyl  bromide  would  settle  to  the  floor  or 
ground,  causing  a  very  hazardous  situation. 

Fumigant  trays.  To  conduct  aluminum  phosphide  inpiace 
stack  fumigation,  loosely  scatter  the  pellets  and  tablets  in  a 
single  layer  in  an  aluminum  tray  and  place  it  under  the  stack 
covering.  This  keeps  the  tablets  or  pellets  from  coming  in 
contact  with  foods  and  materials  that  could  create  fire  and 
explosion  hazards.  Disposal  of  the  residue  of  the  tablets  or 
pellets  is  also  easier  when  you're  done. 

Gas  detection  and  metering  devices.  To  perform 
fumigation  operations  effectively  and  safely,  you  need 
detection  and  metering  devices.  Fumigants  must  be  applied 
at  a  certain  rate  per  cubic  foot  of  space  being  treated,  which 
means  that  there  must  be  so  many  parts  per  million  of 
fumigant  concentrate  contained  within  the  space  over  a 
specified  amount  of  time.  For  this  to  be  done,  you  must 
monitor  these  concentrates  by  taking  air  samples  from  the 
area  being  fumigated  with  the  detection  and  metering  devices 
as  frequently  as  is  specified  on  the  fumigant  label.  If  the 
concentrate  level  is  higher  or  lower  than  the  level  that  is 
recommended  to  be  maintained,  you  must  make  the  proper 
adjustments.  Remember,  if  the  concentrate  is  lower  than 
recommended,  your  operation  may  fail,  and  if  the 
concentrate  is  higher,  this  presents  a  potentially  hazardous 
situation. 

There  are  many  types  of  gas  detection  and  metering 
devices  available  for  use  with  fumigants.  The  Drager  bellows 
pump,  (fig.  3-20)  and  the  Auer  bulb  detection  apparatus  and 
detection  tubes  (fig.  3-21)  are  available  for  use  with 
hydrogen  phosphide.  These  or  other  similar  detection  and 
metering  devices  are  available  for  use  with  other  types  of 
fumigants  and  will  give  you  the  ppm  of  fumigants  contained 
within  a  treated  area. 
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Figure  3-20.  Drager  bellows  pump. 

NO!  E:  To  obtain  an  accurate  reading  of  the  amount  of 
fumigant  contained  in  an  area,  you  must  have  the  right 
detection  apparatus  for  the  fumigant  you're  using,  and  the 
detection  tube  must  be  specifically  designed  to  match  the 
apparatus  being  used. 

Other  available  devices  for  detecting  the  presence  of  gases 
other  than  oxygen  and  carbon  dioxide  within  the  air  are 
Halide  gas  detectors,  fumiscopes,  and  explosimeters.  These 
devices  are  only  designed  to  detect  contaminant  and 
explosive  properties  within  the  atmosphere  and  will  not 
identify  the  type  of  fumigant  exposed. 

Thermometers,  Atmospheric  and  commodity  temperatures 
are  very  important  contributing  factors  in  the  effectiveness 
and  Sc'ifety  of  most  fumigation  programs.  For  instanct^ 
methyl  bromide  can  be  used  effectively  in  areas  where 
temperatures  may  be  39°  F  or  lower,  whereas  hydrogen 
phosphide  is  not  to  be  used  in  areas  where  the  temperature  is 
below  40 F. 

In  almost  all  cases,  each  fumigant  will  have  an  optimum 
temperature  at  which  it  works  best,  and  the  optimum 
temperature  will  vary  with  each  fumigant;  thus,  the  gas 
concentration  and  time  of  required  exposure  will  vary  as  the 
temperatures  vary.  For  this  reason  you  need  a  thermometer 
in  fumigation  operations. 

Moisture  permeable  envelopes.  For  railcar  fumigation 
with  aluminum  phosphide  pellets  or  tablets,  special  moisture 
permeable  envelopes  are  required  for  containing  the  pellets 
or  tablets. 
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Figure  3-2 1  Auer  bulb. 
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Warning  signs.  Regardless  of  the  type  of  ftimigation 
operation  that  is  to  be  conducted,  warning  signs  that  specify 
the  type  of  fumigant  being  used,  precautions  lo  be  taken,  and 
emergency  phone  numbers  of  responsible  individuals  must 
be  conspicuously  posted  at  every  visible  approach  to  the  area 
where  ftimigation  is  to  occur. 

Safety  protective  equipment.  As  previously  di  cussed  in 
Volume  2,  coveralls,  gloves,  and  a  hat  must  be  worn  during 
all  phases  of  fumigant  handling  and  monitoring.  An  approved 
full-face  respiratory  device  designed  to  protect  against  the 
fumigant  compound  must  be  worn  during  all  phases  of  handling 
and  monitoring  all  types  of  fumigants  except  for  paradichloro- 
benzene,  naphthalene,  and  aluminum  phosphide. 

You  don't  need  to  wear  a  respiratory  protective  device 
while  applying  aluminum  phosphide  tablets,  pellets,  or  bags 
as  long  as  the  application  can  be  completed  within  20  minutes ; 
however,  an  approved  respiratory  protective  device  and 
canister  must  be  nearby  if  you  need  it. 


Exercises  (^♦34): 

1.    When   performing    inplace   stack   fumigation  with 

hydrogen  phosphide,  a  light,  thin   sheet  is 

used. 


2.    To  prevent  tears  in  the  covering  materials,  projections 
or  sharp  edges  are  padded  with  . 


3.    What  is  the  tubing  used  to  seal  the  bottom  edges  of 
covering  material  called? 


4.    To  keep  the  ftimigant  circulating,  sparkproof  electric 
 are  used. 


435.  Identify  trapping  devices  with  the  animals  they  are 
mainly  used  to  trap. 

Tapping  Devices.  Some  of  the  trapping  devices  used  in 
managing  pests  wtr?  identified  and  discussed  in  Volume  2. 
The  trapping  devices  previously  identified  are  used  not  only 
for  collecting  pests  in  surveys,  but  they  are  also  very 
beneficial  and  often  the  most  practical  for  controlling  pests  in 
many  situations. 

Light  trap.  The  types  of  light  traps  illustrated  in  Volume  2 
kill  many  nocturnal  flying  insects  that  would  not  be  killed 
otherwise.  You  can  use  these  traps  near  patio  or  camping 
areas  to  attract  mosquitoes  and  nuisance  pests  away  from  the 
areas  you  want  to  enjoy.  There  are  other  types  of  light  traps 
specially  designed  with  an  electrical  grid  used  to  attract  and 
kill  flying  insects  around  outdoor  entertainment  areas. 

Baited  jar  trap.  These  traps  are  very  useftil  for  controlling 
many  types  of  crawling  pests.  This  type  of  trap  is  often  the 
safest  to  use  in  controlling  cockroaches  in  child  care  centers 
where  pesticides  would  be  unsafe.  You  can  also  use  them  to 
some  degree  as  a  personal  protective  measure  by  placing  the 
legs  of  beds  in  jars  to  prevent  scorp'ons,  centipedes,  and 
millipedes  from  crawling  into  bed  with  you.  Jar  traps  are  also 
effective  in  attracting  certain  flying  insects  such  as  flies, 
bees,  and  wasps. 

Rodent  cage  trap.  Cage  traps  of  the  types  previously 
identified  in  Volume  2  are  very  effective  in  controlling 
almost  all  domestic  and  field  rodents .  Cage  traps  are  useftil  in 
cold  storage  areas  to  trap  rodents  where  glue  traps  and  snap 
traps  are  unsuitable. 

Snap  traps.  Snap  traps  such  as  the  one  illustrated  in  figure 
3-22  are  used  for  controlling  vertebrate  animal  pests  when 
injury  or  death  to  the  animal  is  net  of  concern.  These  types  of 
traps  are  most  often  used  within  the  Air  Force  for  controlling 
domestic  and  field  rodents.  The  small  wood-base  snap  traps 
are  used  primarily  for  controlling  mice  indoors,  although 
they  are  sometimes  used  to  control  field  mice  outdoors.  The 
larger  wood-base  snap  traps  are  most  often  used  to  control 


5      vluminum  phosphide  pellets  and  tablets  are  loosely 
scattered  in  a  single  layer  in  . 


^     To  perform  fumigation  operations  effectively  and 

safely,    gas   detection   and    devices  are 

required. 


7.    Where  are  aluminum  phosphide  pellets  or  tablets  placed 
when  used  to  fumigate  railcars? 


8,    An  approved  protective  device  and  canister 

must  be  readily  available  when  applying  fumigants. 


Large  -  7  inches 
Small-  3  1/2  inches 


Figure  3-22.  Wooden  snap  traps. 
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rats  indoors  and  outdoors  and  to  control  field  rodents  and 
other  pest  mammals.  Steel  and  wood-base  snap  traps  may  be 
used  baited  or  unbaitsd,  depending  up>on  where  they  are  to  be 
used  and  for  what  they  are  to  be  used. 

Glue  boards.  Another  effective  means  of  mouse  and  rat 
control  particularly  important  in  situations  in  which  toxic 
materials  should  not  be  used  is  the  glue  board  (f»g.  3-23).  Rat 
and  mouse  glues  are  very  sticky  materials  available 
commercially  from  a  number  of  sources.  These  adhesive 
materials  are  spread  over  cardboard  or  wooden  squares  and 
then  placed  on  floors  across  rodent  runways.  As  the  animals 
attempt  to  cross  the  boards  their  feet  become  entangled  and 
they  are  unable  to  free  themselves.  This  technique  is  also 
effeciive  against  rats  but,  being  larger  and  more  powerful 
animals ,  they  are  more  likely  to  pull  themselves  free  from  the 
glue  than  are  mice.  If  a  rat  gets  more  than  two  of  its  feet 
entangled,  it  is  rather  unlikely  to  escape.  Glue  boards  should 
be  at  least  12  inches  by  12  inches,  although  smaller  boards 
can  be  useful  for  mice.  Since  a  very  tacky  glue  is  involved, 
they  can  be  very  messy  to  handle,  install  and  service. 
However,  where  baits  and  traps  cannot  be  used  because  of 
children,  pets  or  food,  glue  boards  may  be  useful. 

Pigeon  trap.  A  pigeon  trap  consists  of  a  screened 
enclosure  with  an  entrance  through  which  birds  are  lured  by 
bait  and  live  decoys.  The  entrance  door  is  made  of 
lightweight  rods  that  only  swing  inward,  thus  preventing  the 
birds  from  leaving  the  enclosure. 

Tapping  reduces  the  numbers  of  pigeons  feeding, 
roosting,  or  nesting  around  buildings.  You  can  construct 
pigeon  traps  with  wood  or  meshed  wire,  with  entrance  bobs 
made  of  aluminum  or  steel  wire  or  wooden  dowels.  Figure 
3-24  illustrates  a  low-profile  trap.  Preconstructed  individual 
bobs  or  bobs  in  a  frame  can  be  obtained  from  commercial 
sources,  as  can  completely  assembled  traps  of  various  styles. 

Modified  Australian  crow  trap.  This  type  of  trap  also  is 
known  as  the  center-drop  trap.  The  modified  Australian  crow 
trap  captures  birds  unharmed  by  luring  them  with  bait  and 
live  decoys.  The  principle  is  that  birds  drop  through  an 
opening  at  the  bottom  on  the  V-shaped  top  of  the  trap  to  take 
the  bait  as  shown  in  figure  3-25.  When  attempting  to  leave, 
they  go  up  into  the  ends  of  the  'V"  instead  of  back  through 
the  entrance  slots. 

This  trap  is  an  effective  means  of  capturing  starlings, 
house  sparrows,  blackbirds,  and  other  problem  birds  in  an 
area  of  limited  size.  The  design  illustrated  in  figure  3-25  was 


developed  for  starling  control  in  orchards,  but  it  has  many 
other  applications.  It's  very  successful  when  used  around 
buildings  and  other  structures  and  gives  you  a  good  way  to 
capture  protected  songbirds. 

The  modified  Australian  crow  trap  is  probably  the  best 
live  trap  yet  devised,  simple  and  effective.  Protected  species 
usually  can  be  released  unharmed,  while  nonprotected  species 
can  be  killed  or  transported  and  i^leased.  Trapping  large 
populations  of  starlings  or  other  birds  is  impractical.  It  may 
be  necessary  to  capture  decoy  birds  by  other  means.  The 
traps  are  large  and  may  require  disassembly  before  moving 
or  storage. 

Nest-box  trap.  This  trap  looks  like  a  bird  house.  When  a 
bird  enters  the  box  to  investigate,  its  weight  tips  a  device  that 
drops  it  into  a  bag  attached  to  the  bottom  of  the  trap.  The  trap 
is  then  automatically  reset  for  another  capture. 

You  may  use  nest-box  traps  to  reduce  local  numbers  of 
starlings  or  nouse  sparrows  during  their  breeding  season. 
Nest-box  traps  come  in  several  different  designs.  Plans  for  a 
trap  designed  to  capture  house  sparrows  are  shown  in  figure 
3-26.  For  starlings,  make  the  opening  2  inches  instead  of  the 
1  inches  used  for  house  sparrows.  When  constructing  the 
trap,  put  the  front  wall  on  last  and  fasten  it  by  screws  instead 
of  nails  to  make  repair  easier.  Glue  pieces  of  hay  and  feathers 
to  the  back  of  the  chamber.  Use  a  tightly  woven  sack  to 
receive  the  birds  as  th^  are  captured.  Place  the  trap  on  the 
side  of  a  building  or  on  a  pole  where  the  sack  can  hang  freely 
and  be  easily  reached  with  the  use  of  a  ladder.  The 
elimination  of  existing  nesting  sites  by  means  of  exclusion 
may  increase  the  effectiveness  of  the  traps. 

Raptor  traps.  A  number  of  trap  designs  are  available  to 
capture  raptors  (hawks  or  owls).  1\vo  of  the  common  designs 
are  the  Verbail  pole  trap  and  the  Bal-Chatri.  The  Verbail 
snares  birds  of  prey  by  the  feet  when  they  perch  atop  a  pole. 
The  Bal-Chatri  uses  nooses  to  entangle  the  feet  of  raptors  that 
are  atu^acted  by  live  bait  in  a  cage. 


Exercise  (435): 

1.  Match  each  trap  listed  in  column  B  with  its 
recommended  uses  in  column  A.  Some  uses  may  apply 
to  more  than  one  trap. 


V 
iO  inches 


Figure  3-23.  Glue  board. 


Column  A 
Consists  of  a  screened  enclosure 
with  an  enirance  through  which 
birds  are  lured  by  bait  and  live 
decoys. 

_(2)  Snares  birds  of  prey  by  their  feet 

when  they  perch  atop  a  pole. 
_(3)  Used  :o  control  crawling  insects 

where  it  is  unsafe  to  use  pesticides. 
.(4)  Controls  vertebrate  pests  where 

injury  or  death  to  the  pest  is  not  of 

concern. 

_(5)  Effective  for  controlling  starlings, 

house  sparrows,  and  others  in  an 

area  of  limited  size. 
_(6)  Used  to  kill  nocturnal  flying  insects. 
_(7)  Used  to  trap  rodents  in  areas 

where  baits  and  snap  traps  may  be 

hazardous. 
.(8)  Useful  in  cold  storage  areas  to  trap 

rodents  where  glue  traps  and  snap 

traps  are  unsuitable. 


Column  B 

a.  Light  trap. 

b.  Baited  Jar  trap. 

c.  Rodent  cage  trap. 

d.  Snap  trap. 

c.  Glue  boards. 

f.  Pigeon  trap. 

g.  Modified  Australian  crow 
trap. 

h.  Verbail  p>ole  trap. 

i.  Bal-Chatri  trap, 
j.  Nest-box  trap. 
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Top  panel  (make  two) 


Side  panel  (make  two) 


Front  panel 

Rear  panel  (omit  door) 


CFB-019 


Figure  3-25.  Modified  Australian  crow  trap. 


Column  A 
-(9)  Uses  nooses  to  entangle  a  raptor's 
feet  when  the  bird  is  attracted  by 
live  bait  in  a  cage. 


436.  Identify  specific  characteristics  of  pesticidal  pumps. 


Types  and  Uses  of  Ptoticidal  Pumps.  There  are  several 
types  of  pumps  you  can  use  to  apply  pesticides,  and  each  type 
has  its  own  characteristics.  When  ordering  equipment,  also 
specify  the  type  of  pump  you  want,  because  in  most  cases,  a 
sprayer  can  be  equipped  with  several  types  of  pumps. 
Therefore,  if  the  type  of  pump  desired  is  not  specified,  you 
are  apt  to  receive  an  equipment  item  you  can't  use  or  one  that 
you  will  have  very  little  use  for. 

When  selecting  pumps,  you  must  consider  the  type  of 


pesticide,  the  pesticide  formulation  you'll  use  most  often, 
and  how  much  pressure  and  volume  you'll  need  to  disperse 
the  pesticide  formulation. 

The  pump  you  choose  must  be  adequate  for  all  spraying 
pressures  you're  going  to  use,  and  it  must  give  enough  flow 
to: 

•  Supply  all  nozzles. 

•  Allow  for  hydraulic  agitation  when  needed. 

•  Leave  a  reserve  to  allow  for  loss  of  flow  due  to  wear. 

Pumps  should  resist  corrosion  and  abrasion.  The  capacity 
of  the  pump  should  be  at  least  twice  the  nozzle  delivery  rate  to 
provide  for  an  overflow  that  is  bypassed  back  to  the  tank  for 
spray  agitation.  The  most  commonly  used  pumps  are 
discussed  in  the  following  paragraphs. 

Centrifugal  pump*  A  centrifugal  pump  (fig.  3-27)  is  a 
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Figure  3-26.  Nest-box  trap. 

single-rotating  impeller  type.  It  pumps  a  large  volume  of 
spray  but  does  not  develop  a  high  pressure — 40  to  70  psi.  It 
can  handle  all  spray  materials  with  minimum  wear.  It  is  not 
self-priming,  so  you  must  mount  it  lower  than  the  tank. 
Unlike  most  pumps ,  it  pushes  the  liquid  in  one  direction  only. 

Piston  pump*  A  piston  pump  (fig.  3-28)  is  designed  for 
large  quantities  of  spray  and  moderate  to  high  pressures — up 
to  1,000  psi.  It  has  one  or  more  plungers  connected  to  a 
crankshaft.  The  piston  pump  can  be  used  for  any  type  of 
sprayer,  stand  rough  treatment,  and  is  long  lasting  but 
expensive.  \ 

3 

o 
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Figure  3-27.  Centrifugal  pump. 


Diaphragm  pump,  A  diaphragm  pump  is  similar  to  a 
piston  pump,  except  that  one  side  of  the  chamber  is  made  of  a 
flexible  fabric  that  creates  a  vacuum.  This  pump  handles 
abrasives  well,  but  the  fabric  does  not  always  last  long  under 
the  pressure  normally  required  for  spraying.  The  diaphragm, 
however,  can  be  replaced  easily  and  economically. 

Remember,  centrifugal  pumps  provide  high  volume  at 
low  pressure.  They  are  not  self-priming.  Piston  and 
diaphragm  pumps  provide  moderate  to  high  volumes  at  high 
pressure.  Tney  are  self-priming.  If  you  need  pressures  about 
75  psi,  piston  pumps  are  more  likely  to  provide  them  over  a 
longer  period  of  time. 

You  will  damage  a  pump  if  you  operate  it  dry  or  with  a 
restricted  inlet.  Follow  the  manufacturer's  recommenda- 
tions for  pump  operation.  Keep  all  shields  in  place. 

Exercises  (436): 

1.    a.  When  ordering  equipment  you  must  specify  the 

 desired. 

b.  When  selecting  pumps,  you  must  consider  the  type  of 
pesticide  and  


Figure  3-28.  Piston  pump. 
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c.  The  pump  selected  must  be  adequate  for  all  spraying 
 you  are  going  to  use. 

d.  Pumps  should  resist  and  

e.  You  will  damage  a  pump  if  you  operate  it  

or  with  a  inlet. 

Match  the  pump  types  in  column  B  with  their 
appropriate  description  in  column  A.  Some  descriptions 
may  apply  to  more  than  one  pump. 

Column  A  Column  B 

Used  for  pressures  over  75  psi.  a.  Centrifugal. 

^(2)  Not  self-priming.  b.  Piston. 

^(3)  Self-priming.  c.  Diaphragm. 

.(4)  Provide   high   volume    at  low 
pressure. 

„(5)  Pmvide  moderate  to  high  volumes 
at  high  pressure. 


437.  Specify  uses  and  characteristics  of  various  sprayer 
accessories. 


Types  and  Uses  of  Sprayer  Accessories.  If  you're  a 
'  'computer  buff, ' '  you  know  that  you  can't  do  much  with  just 
a  computer  terminal.  Depending  on  your  needs,  you  must 
also  have  a  variety  of  accessories  and  software  programs  to 
make  that  computer  perform  the  way  you  want. 

The  same  is  true  of  our  spray  equipment;  a  tank  and  pump 
just  isn't  enough.  Depending  on  the  work  you  do,  a  sprayer 
needs  several  accessories  such  as  agitators,  pressure 
regulators,  a  suitable  type  of  tank,  strainers,  pressure 
gauges,  nozzles,  valves  and  hoses- 

The  purpose  of  this  lesson,  therefore,  is  to  familiarize  you 
with  the  uses  and  characteristics  of  these  sprayer 
components.  As  you  study  this  section,  refer  to  figure  3-29, 


Agitators,  When  using  power-driven  equipment,  it  is 
frequendy  necessary  to  maintain  an  active  agitation  of  the 
liquid  in  the  tank  in  order  to  keep  it  thoroughly  and  evenly 
mixed.  If  emulsion-type  materials  are  being  used,  a  simple 
return  bypass  as  found  on  most  power  sprayers  is  sufficient  to 
keep  the  emulsion  in  suspension.  However,  where  wettable 
powders  are  used,  it  is  necessary  to  have  a  more  positive  and 
violent  method  of  agitating  the  solution.  In  using  a  power  rig 
that  places  compressed  air  over  the  surface  of  the  chemical  in 
the  tank,  the  air  jet  itself  becomes  t*5e  agitator.  This  agitation 
is  adequate  for  emulsions,  but  is  not  sufficiently  violent  for 
wettable  powders. 

Wettable  powder  suspensrons  must  be  agitated  by  a 
mechanical  agitator  operated  by  the  power  source  on  the 
spray  rig.  Mechanical  agitators  provide  excellent  mixing  of 
the  chemical.  They  must,  however,  have  a  liquid-tight 
bearing  where  they  pass  through  the  tank,  and  this  bearing 
must  be  maintained  in  this  liquid>tight  condition  to  avoid 
leakage  of  the  spray  chemical  from  the  tank. 

All  bypass  agitators  divert  spray  matsjrial  from  the  spray 
line,  thus  reducing  the  amount  of  material  available  ai  the 
spray  nozzle.  Be  sure  your  pump  has  adequate  capacity  to 
supply  both  the  agitator  and  the  nozzle. 

Pressure  regulators.  In  all  power  pump-operated 
equipment,  it  is  necessary  to  have  a  pressure  regulator 
located  in  the  line  between  the  pump  and  the  discharge  valve 
to  the  nozzle.  The  pressure  regulator  is  set  at  the  desired 
pressure  for  spraying  and,  when  tlie  pressure  in  the  line 
exceeds  this  pressure,  the  regulator  opens.  This  permits 
some  of  the  chemical  to  return  to  the  tank  through  a  bypass 
line,  thus  lowering  the  pressure  at  this  point.  With  the  usual 
pressure  regulator,  the  pump  and  its  power  source  are 
operating  against  this  ^*^t  pressure  at  all  times  whether  the 
spray  nozzle  is  in  use  or  not. 


pressure  pop-off 


pressure  gauge 


agitator 
bypass 


presssure 
regulator 


surge  tank 


mechanical  agitator 


ag..a.or  (|e.  ven.url,      N,^^,^^^  « 
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Figure  3-29.  Sprayer  accessories. 
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The  power  unloadcr  is  a  modification  of  the  regular 
pressure  regulator.  With  this  device,  no  spray  liquid  is 
returned  to  the  tank  as  long  as  the  spray  nozzl'^  is  in  operation. 
When  the  spray  nozzle  is  closed,  however,  the  full  pressure 
from  the  pump  is  thrown  on  the  unloader,  which  then  builds 
up  to  a  pressure  of  150  to  200  pounds  and  then  opens 
completely  so  all  material  being  put  through  the  pump  is 
returned  to  the  tank  through  an  open  line.  This  relieves  the 
workload  on  the  pump  and  its  power  source  and  results  in  less 
wear  or  both  the  pump  and  the  power  source.  If  you  use  a 
power  unloader,  make  sure  you  use  a  hose  with  a  breaking 
strength  in  excess  of  the  maximum  pressure  necessary  to 
operate  the  unloader,  and  be  sure  the  hose  is  attached  to  its 
couplings  tightly  enough  to  withstand  this  same  pressure. 
Otherwise,  the  hose  will  burst  or  will  come  loose  from  the 
couplings  with  the  sudden  surge  of  pressure  before  the 
unloader  op)ens. 

Spmy  tanks.  Sprayer  tanks  may  be  made  of  many 
different  materials.  It  is  advisable  for  you  to  use  the  strongest 
and  most  durable  of  these  materials  you  can  get.  However, 
where  weight  is  a  factor  it  may  be  necessary  to  use  lighter 
materials. 

Iknks  are  made  of  steel,  stainless  steel,  glass,  fiberglass, 
and  plastic.  Glass  tanks  are  suitable  only  for  use  in  small 
sprayers  in  which  pressure  is  not  put  into  the  tank.  Plastic 
tanks  have  good  chenac^I  resistance,  are  light  in  weight,  but 
are  usually  not  strong  enough  for  much  pressure  in  the  tank 
itself,  thus  limiting  them  to  use  in  small  hand  sprayers. 
Ordinary  iron  tanks  are  suitable  for  use  in  pest  control 
op)erations;  however,  they  rust  quite  readily  and  thus  create  a 
problem  of  dirt  in  the  spray  lines  and  cause  nozzle  clogging. 

The  most  suitable  tanks  tor  use  in  pest  control  operations 
are  stainless  steel  and  fiberglass.  Stainless  steel  of  course  is 
quite  durable  and  will  last  for  a  long  time,  will  not  rust,  and  is 
easily  cleaned.  Such  tanks  are,  however,  somewhat  heavier 
than  some  specialists  like  to  use  and  they  are  expensive. 
Fiberglass  tanks  are  light  in  weight  and  have  most  of  the  other 
advantages  of  stainless  steel  tanks.  They  do  not  break  or 
crack  easily,  but  if  struck  with  a  small  object,  they  can  be  easily 
punctured.  Still,  their  light  weight,  and  comparatively  low 
cost  make  them  very  suitable  for  large  tank  operations  in  pest 
control. 

Strainers.  A  strainer  is  necessary  in  all  sprayers  to 
prevent  demage  to  pumps  and  to  prevent  clogged  nozzles.  In 
large  power  equipment,  a  strainer  is  placed  between  the  tank 
and  the  pump  to  prevent  coarse  particles  from  reaching  the 
pump  and  damaging  it.  This  strainer  is  usually  a  coarse  one 
with  o[:)enings  large  enough  to  permit  materials  such  as 
wettable  powders  to  pass  through,  but  small  enough  to  hold 
back  p)ebbles,  twigs,  and  other  such  debris.  A  strainer  is  also 
frequently  placed  either  ahead  of  the  shutoff  valve  to  the 
nozzle  or  in  the  nozzle  itself.  This  strainer  must  be  fine 
enough  to  hold  back  any  particles  large  enough  to  block  the 
nozzle  tip. 

Pressure  gauges.  Every  pressurized  spray  tank  should 
have  a  pressure  gauge  on  it  to  give  an  accurate  representation 
of  the  amount  of  pressure  in  it.  In  high-pressure  tanks,  a 
pressure  gauge  is  absolutely  necessary  to  prevent  putting  too 
much  pressure  into  ihe  tank  as  well  as  to  help  you  set  the 
I  pressure  regulator  or  power  unloader  properly.  In  small 
tanks,  it  is  necessary  in  order  to  maintain  the  proper  spray 


pressure  so  the  nozzle  performs  properly. 

On  some  pressurized  tanks  it  is  also  necessary  to  install  a 
popoff  valve.  This  device  is  preset  to  the  maximum  pressure 
that  is  to  be  put  into  the  tank  and  will  open  and  release  the 
pressure  automatically  if  this  pressure  is  exceeded.  Test  the 
popoff  valve  regularly  to  see  thnt  h  is  in  prop)er  operating 
condition. 

Nozzles.  The  nozzle  is  the  most  important  part  of  the 
sprayer,  it  determines  how  the  f)esticide  will  be  sprayed — as  a 
solid  stream,  flat  fan,  hollow  cone,  solid  cone,  or  broadcast. 
It  also  determines  the  rate  of  spray  output  at  a  given  pressure. 
Mozzles  are  available  in  many  types  and  styles,  each  designed 
with  a  particular  purpose  in  mind.  They  may  be  mounted  in 
many  ways.  If  two  or  more  nozzles  are  placed  at  the  end  of  a 
wand,  tlie  spray  gun  is  referred  to  as  a  spray  boom.  *he 
orchard  spray  gun  has  a  single  nozzle  that  can  be  adjusted  to 
produce  spray  patterns  varying  from  a  solid  stream  to  a  fine 
mist  by  reducing  the  size  of  the  whorl  chamber.  Many 
compressed-air  sprayers  have  adjustable  nozzles  that  are 
very  beneficial  for  indoor  work,  where  you  need  a  variety  of 
spray  patterns. 

The  pesticide  distribution  rate  and  pattern  of  nozzles  is 
dependent  upon: 

•  The  nozzle  design  or  type. 

•  Its  operating  pressure. 

•  The  size  of  the  opening. 

•  Its  discharge  angle. 

•  Its  distance  from  the  target.' 

Nozzles  arc  designed  so  the  stream  of  pesticide  can  be  in 
the  pattern  the  specialist  desires.  The  primary  function  of  a 
nozzle  is  to  obtain  uniform  distribution  and  particle  size  of 
pesticides,  whether  the  material  is  placed  on  a  surface  or  is 
dispersed  into  the  £iir.  Common  patterns  used  in  the  pest 
control  industry  are  the  fan,  pin  stream,  solid  cone,  hollow 
cone,  flooding,  and  broadcast. 

Rat  fan  nozzles  put  out  a  flat  spray  that  strikes  the  surface 
being  sprayed  in  a  straight  line  (fig.  3-30).  It  is  particularly 
good  in  situations  where  it  is  necessary  to  apply  an  even 
coating  of  pesticide  to  a  flat  surface  such  as  a  wall,  and  may 
also  be  used  to  apply  pesticide  into  a  crack  wherever  there  is 
room  enough  for  such  application.  Liquid  dispersed  in  the 
flat  fan  pattern  usually  will  not  penetrate  as  deeply  into  a 
crack  as  it  will  when  applied  as  a  pin  stream. 

A  pin  stream  nozzle  (fig.  3-31)  projects  pesticide  in  a 
straight  stream.  Pest  managers  most  often  use  a  relatively 
fine  pin  stream  for  spraying  into  small  cracks.  This  typ)e 
nozzle,  when  used  prof)erly,  will  force  pesticide  farther  into 
cracks  and  crevices  than  will  any  other.  When  using  the  pin 
stream  nozzle  keep  the  pressure  quite  low,  not  over  20 
pounds.  If  your  sprayer  does  not  have  a  pressure  gauge,  judge 
the  pressure  that  you  have  by  the  distance  the  pin  stream  of 
pesticide  projects  from  the  nozzle.  It  should  project  not  more 
than  12  to  18  inches.  This  low  pressure  causes  a  great  deal 
less  splash  and  contamination  of  surfaces  you  don't  want  to 
treat.  It  requires  you  to  keep  the  nozzle  closer  to  the  crack 
while  making  the  application  so  you  will  inject  your  p)esticide 
into  the  crack  more  uniformly.  This  task  is  simplified  if  you 
use  a  nozzle  v.'iili  an  extended  plastic  tip  designed  for  crack 
and  crevice  injection. 

Solid  cone  nozzles  spray  a  round  pattern  more  or  less 
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Figure  3-30.  Flat  fan  nozzle. 

Figure  3-32.  Solid  cone  nozzle. 
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Figure  3-31.  Pin  stream  nozzle. 


evenly  over  the  entire  pattern  (fig.  3-32).  They're  mostly 
used  for  spraying  low  foliage  or  turf  areas. 

Hollow  cone  nozzles  spray  a  circular  pattern  \vith  very 
little  spray  striking  the  center  (fig.  3-33).  These  are  also  used 
for  spraying  foliage  and  turf. 

A  flooding  nozzle  makes  a  wide-angle  flat  spray  pattern, 
(fig.  3-34).  It  works  better  at  low  pressures  than  other  flat  fan 
nozzles.  Its  pattern  is  fairly  uniform  across  its  width.  It's 
used  for  broadcast  spraying. 

The  broadcast  nozzle  is  used  like  a  flooding  nozzle  (fig. 
3-35).  It's  advantage  is  that  it  gives  a  boomless  sprayer  a 
swath  width  similar  to  boom  sprayers  when  you  have  to  spray 
a  large  outdoor  area. 

When  using  a  fan,  solid  cone,  or  a  hollow  cone  nozzle  it  is 
necessary  to  use  a  higher  pressure  than  when  using  the  pin 
stream  nozzle.  The  pressure  required  is  usually  between  35 
to  45  pounds  per  square  inch  (psi).  It  is  only  at  these  higher 
pressures  that  the  nozzles  spray  evenly  and  exhibit  the 
characteristics  for  which  they  were  designed. 

Adjustable  nozzles  that  let  you  change  the  form  of  the 
spray  pattern  to  suit  the  conditions  under  which  you're 
spraying  are  available.  Some  adjustable  nozzles  can  be 
changed  from  a  pin  stream  to  a  hollow  cone  merely  by 
fotatirg  the  tip.  Others  have  several  different  tips  on  one 
plate  and  these  tips  can  be  rotated  to  the  one  desired. 

Atomizing  nozzles  such  as  those  used  on  paint  sprayers 
are  not  suitable  for  use  in  pest  control  work  because  they 
produce  a  wet  spray  together  with  a  fine  mist,  which  drifts 
extensively  and  could  easily  cause  damage. 

The  large  majority  of  spray  nozzle  tips  are  made  of  brass, 
which  is  a  quite  satisfactory  material  for  general  use  when 
using  clear  oil  or  emulsion  sprays.  If,  however,  it  is  desired 
to  use  wettable  powders,  brass  tips  are  not  at  all  satisfactory 
as  the  abrasive  in  the  wettable  powders  will  wear  them  out  too 
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Figure  3-33.  Hollow  cone  nozzle. 


rapidly.  In  pest  management  operations,  the  longest  use  will 
be  obtained  from  nozzles  made  of  stainless  steel  or  carbide 
because  these  nozzles  will  retain  the  desired  spray 
characteristics  for  which  they  have  been  designed  for  a  much 
longer  period  of  time  than  will  brass. 

Vaives.  Every  continuous  flow  sprayer  must  have  a 
method  of  turning  on  and  shutting  off  the  flow  of  material  to 
the  nozzle.  This  is  done  by  a  valve  of  some  type  placed  in  the 
line.  There  are  many  different  kinds  of  valves;  some  are 
turned,  some  are  squeezed,  and  some  are  bent  to  cause  them 
to  operate.  A  quick-acting  valve  is  usually  preferred  because 
it  shuts  off  immediately  when  the  handle  is  released,  and  thus 
prevents  leakage  from  the  nozzle,  especially  when  the  valve 
is  located  close  to  the  nozzle.  It  also  gives  you  optimum  control 
over  where  a  pesticide  is  applied. 

Slow-acting  valves  are  ordinarily  closed  by  rotating  the 
valve  stem,  resulting  in  a  slow  but  positive  shutoff.  This  type 
valve  is  frequently  used  in  the  lines  of  heavy-duty  power 
sprayers,  although  a  quick-acting  valve  should  be  used  at  the 
nozzle  end  of  the  line.  Spray  guns  usually  have  a  quick-acting 
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Figure  3-34.  Flooding  nozzle. 


Figure  3-35.  Broadcast  nozzle. 


valve  in  them,  although  some  orchard  spray  guns  use  a 
rotating  handle  for  a  shutoff. 

Rotating  valves  that  have  some  advantages  in  the  pest 
control  industry  are  available.  These  valves  consist  of  a  metal 
ball  with  a  hole  through  it,  which  is  seated  in  some  resilient 
material  inside  the  valve  body.  When  the  ball  is  turned  so  the 
hole  is  open,  material  flows  through  the  valve  in  a  full  stream 
rather  than  in  the  i^stricted  stream,  which  is  possible  through 
most  valves.  Whert  high-flow  rates  are  desirable  this  type 
valve  is  indicated  and  is  particularly  useful  on  termite  soil 
treatment  equipment. 

It  is  necessary  when  using  chemicals  containing  oils  or 
solvents  to  be  certain  that  the  seat  in  which  the  ball  is  seated  is 
not  a  material  that  will  be  affected  by  the  chemical.  These 
seats  are  available  in  neoprene  and  in  teflon,  which  are  not 
affected  by  most  chemicals  used  in  pest  control  work. 

In  all  power  equipment,  shutoff  valves  should  be  included 
between  the  tank  and  the  hose  so  pressure  can  be  shut  off  from 
the  hose  without  shutting  down  the  gasoline  engine  or  the 
electric  motor  driving  the  spray  rig.  If  there  is  not  a  valve  in 
this  position,  then  each  time  it  is  necessary  to  replace  hose, 
clean  a  strainer  or  replace  a  spray  tip,  the  entire  rig  will  have 
to  be  shut  down  to  do  it. 

Hose.  The  hose  used  in  various  pest  control  equipment  is 
of  utmost  importance  to  the  pest  control  sj>ecialist.  It  is 
necessary  to  use  hoses  that  will  not  suddenly  burst  while  on 
the  job  since  this  will  cause  splashing  of  chemicals, 
unnecessary  loss  of  time,  and  perhaps  serious  j>ersonal  injury 
and  damage  to  property.  The  hose  on  any  sprayer  should  be 
long  enough  for  the  purpose  intended ,  should  be  of  sufficient 
diameter  to  carry  an  adequate  flow  of  chemicals,  should  be 
made  of  materials  that  will  not  be  deteriorated  by  the 
pesticides  and  solvent  being  used,  and  should  have  a  burst 
strength  greater  than  the  peak-operating  pressures  of  the 
sprayer. 

Hose  is  now  being  made  of  many  different  materials  such 
as  neoprene,  thiokol,  hycar,  and  odier  synthetic  rubbers,  as 
well  as  of  plastics  such  as  polyethylene  nylon  and  tygon. 
Neoprene  is  tough  and  is  far  better  suited  for  the  outer 
covering  of  hose,  while  the  other  synthetics  usually  make 
better  liners.  Polyethylene  nylon  and  tygon  are  both  flexible 
plastics,  but  will  not  withstand  very  high  pressures  and  must 
be  supported  by  a  stronger  outer  covering  or  an  inner 
reinforcing  layer  where  pressures  are  too  great. 

Hose  with  an  inside  diameter  of  Vi  "  to  14  "  will  usually  be 
adequate  for  hand-operated  equipment,  while  %"  to  W  may 
be  necessary  for  moderate  size  power  equipment.  Only  large 
high-volume  and  high-pressure  equipment  usually  requires 
%"  to  1"  hose.  Remember,  when  you're  choosing  a  hose 
size,  the  smallest  opening  in  the  spray  line  will  determine  the 
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actual  capacity  for  delivery  regardless  of  the  outer  size  of  the 
hose.  Thus,  if  V4"  inside-diameter  ho'^e  is  used  with 
couplings  that  have  an  inside  diameter  of  14",  the  delivery 
rate  of  the  hose  will  only  be  that  of  "  hose.  When  choosing 
the  hose  size  you  will  use  be  sure  that  the  couplings  you  use  to 
join  pieces  of  the  hose  together  have  adequate  inside 
openings  to  deliver  the  volume  of  material  you  require. 

Where  high  pressure  spraying  is  to  be  done,  it  is  necessary 
to  use  heavy-duty  hose  that  will  withstand  high  pressure. 
These  hoses  however  are  quite  stiff  and  heavy  and  need  not  be 
used  if  lower  pressure  will  do  the  work  satisfactorily.  In 
many  instances  spray  applications  require  low  pressure  only, 
and  in  this  case  even  hose  such  as  ordinary  plastic  garden 
hose  can  be  used  quite  satisfactorily  with  water-based 
pesticides.  Incidentally,  the  use  of  this  lightweight  hose  in  a 
spray  operation  where  you  are  dragging  and  carrying  hose  all 
day  can  result  in  lifting  and  carrying  several  tons  less  weight 
in  1  day's  work. 


Exercises  (437): 
1 .  What  type  of  agitator  is  suitable  for 
a.  emulsion-type  pesticides? 


b.  wettable  powders? 


2.  Where  is  a  pressure  regulator  located?  What  are  two 
purposes  it  serves? 


3.  What  advantages  and  disadvantages  are  offered  by  the 
use  of  stainless  steel  pesticide  tanks? 
a.  Advantages: 


b.  Disadvantages: 


4.  What  are  two  advantages  of  using  fiberglass  tanks  for 
large  spraying  operations? 


5.  What  two  purposes  does  a  strainer  serve? 


6.  What  purposes  do  pressure  devices  serve  on  high-pressure 
tanks?  On  small  tanks? 
a.  High-pressure  tanks: 


b.  Small  tanks: 
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7.  What  is  the  primary  function  of  a  nozzle? 


8.  ^Vhat  arc  six  commonly  used  types  of  nozzles? 


9.  Identify  which  type  of  nozzle  you  can  use  in  each  of  the 
following  situations: 
a.  Spraying  into  small  cracks. 


b.  Spraying  lai^e  outdoor  areas  with  a  boomless  sprayer. 


c .  Applying  pesticides  at  low  pressures  to  turf  and  foliage. 


d.  Applying  an  even  coating  to  walls  and  other  flat 
surfaces. 


10.  What  type  of  valve  should  your  sprayer  have  close  to  the 
nozzle?  Why? 


1 1 .  List  four  qualities  a  sprayer  hose  should  have. 


438.  Differentiate  between  typical  numbers  that  may 
appear  on  nozzles  and  their  appropriate  meaning. 

Interpreting  Information  on  Nozzles.  Nozzles  supplied 
with  older,  2-gallon  compressed-air  sprayers  often  have  a 
nozzle  disc  with  a  simple  steel  plate  with  a  hole  in  the  center 
instead  of  the  more  elaborate  tip.  These  discs  often  have 
numbers  stamped  on  them  ranging  from  1  to  10,  representing 
64th  of  an  inch;  thus,  a  No.  7  disc  would  have  an  aperture 
of  %4  inch  in  diameter,  and  would  produce  larger  droplets 
suitable  for  heavy  applications.  A  No.  1  disc  would  produce 
a  very  fine  spray.  Disc  nozzles  are  commonly  used  for  large 
power  sprayers  that  operate  at  high  pressures,  producing  a 
very  fine  mist.  Th^  are  also  satisfactory  for  applying  pesticide 
suspensions  with  the  compressed  air  sprayers. 

Several  manufacturers  have  developed  nozzle  systems  in 
which  carefully  calibrated  nozzles  are  designated  by  number. 

Teejet  nozzles  are  rated  according  to  the  angle  at  which 
the  spray  leaves  the  nozzle  and  to  the  output  in  tenths  of  a  gallon 
per  minute  (gpm)  at  a  pressure  of  40  psi.  Thus,  an  8002  nozzle 
used  in  residual  spraying  of  emulsions  on  ordinary  surfaces 
produces  a  flat  fan  spray  at  an  80  °  angle  with  a  rate  of  0. 2  gpm  a 
at  a  pressure  of  40  psi.  The  third  number,  a  "0"  in  these  \ 
numbers  is  u^d^  mdicate  a  decimal  point.  Similarly,  a  5004 
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nozzle  used  in  residual  spraying  of  suspensions  on  porous 
surfaces  produces  a  flat  fan  spray  with  a  50°  angle  with  a  rate 
of  0.4  gpm  at  a  pressure  of  40  psi;  and  a  0001  nozzle  used 
to  apply  emulsions  or  solutions  to  cracks  and  crevices  for 
cockroach  control  producer  a  solid  stream  at  0. 1  gpm  with  a 
pressure  of  40  psi.  Many  pest  control  operators  in  buildings 
wish  to  change  the  spray  pattern  from  time  to  time  as  they 
work  through  a  building.  Therefore,  they  use  a  Multeejet 
nozzle  with  four  openings,  two  (50015  and  730039)  to  produce 
fan-type  sprays,  and  two  (000021  and  0001)  to  produce  solid 
stream  sprays. 


Exercise  (438): 

1 .    Match  the  nozzle  number  in  column  A  with  its  meaning  in 
column  B. 

Column  A  Cohonn  B 

 (1)  OOOL  a.  Produces  aflat  fan  spray  at  an  80°  angle  with  a 

 (2)  6,  rate  of  0,2  gpm, 

 (3)  5004.  b.  %4. 

 (4)  8002,  c.  Applies  emulsions  and  solutions  to  cracks  for 

cockroach  control . 
d.  Produces  a  flat  fan  spray  at  a  50°  angle  with  a 
rate  of  0.4  gpm. 


3-2.  Operating  Equipment 

Operating  equipment  properly  is  just  as  important  in  the 
safe  and  effective  application  of  pesticides  as  is  selecting  the 
right  equipment  for  the  formulation  and  type  of  treatment. 
You  can  have  the  right  equipment  for  the  formulation  and 
type  of  treatment,  and  you  can  have  the  right  equipment  for 
the  formulation  to  be  dispersed  and  the  type  of  treatment  to  be 
implemented;  but  the  pest  management  program  can  still  be 
ineffective  and  unsafe  if  you  operate  the  equipment 
improperly. 

Another  aspect  you  must  consider  in  operating  equipment 
is  that  it  must  be  operated  properly  to  prevent  damage.  If 
equipment  is  operated  imp.-operly,  it  is  most  certain  that 
damage  will  occur,  sooner  or  later,  and  the  efficiency  and 
safety  of  the  equipment  will  be  reduced. 

Proper  operation  and  maintenance  of  equipment  is  best 
done  by  using  the  commercial  or  Government  publications 
that  outline  operational,  maintenance,  and  safety  procedures 
for  a  specific  item  of  equipment.  As  a  matter  of  fact,  you  are 
required  to  follow  the  operational,  maintenance,  and  safety 
procedures  that  are  outlined  in  these  publications,  provided 
there  is  a  publication  written  for  the  equipment  you  are  to  use. 

Regardless  of  the  type  of  publication  that  is  available  for 
operating  and  maintaining  equipment,  it  must  be  adhered  to 
and  regarded  in  the  same  manner  as  though  it  were  an  Air 
Force  regulation. 

For  equipment  items  that  have  any  of  these  types  of 
publications,  the  equipment  must  not  be  operated  or 
maintained  unless  the  publication  is  being  used  by  the 
operator  or  mechanic  during  the  actual  operation  or 
maintenance. 

439.  State  the  purpose  and  frequency  for  conducting 
preoperational  inspections. 


Preoperational  Inspections.  Before  operating  any  item 
of  equipment,  you  must  perform  a  preoperational  inspection 
on  the  equipment.  Preoperational  inspections  must  be  done 
before  each  use,  regardless  of  when  the  equipment  was  last 
used.  If  there  is  a  publication  that  outlines  preoperational 
procedures  for  the  equipment  to  be  operated,  it  must  be  used 
during  the  inspection. 

PreoperatiOtial  inspections  are  done  on  equipment  to 
make  sure  it  can  be  safely  operated  at  its  optimum  efficiency. 
These  inspections  must  be  performed  on  each  item  of 
equipment,  regardless  of  the  type,  whether  it  ?s  a  mouse  trap 
or  the  Government  vehicle  that  you  drive,  and  even  if  there 
are  no  written  guides  pertaining  to  the  equipment. 

Besides  being  required,  preoperational  inspections  are. 
performed  to  reflect  a  true  professional  pest  manager, 
because  you  are  only  as  good  as  your  equipment.  It  can  be 
very  embarrassing  for  you  and  the  section  when  you  have  a 
filled  compressed-air  sprayer  ready  at  the  job  site  to  apply  the 
pesticide,  and  the  sprayer  doesn't  operate  or  it  leaks 
profusely  from  the  pump  handle,  simply  because  you 
neglected  to  perform  the  preoperational  inspection  on  the 
equipment. 


Exercises  (439): 

I.    What  is  the  purpose  of  conducting  a  preoperational 
inspection? 


2.    How  often  should  you  perform  preoperational  inspections? 


3.    What  are  preoperational  inspections  on  equipment 
designed  to  insure? 


4.    Besides  being  required,  preoperational  inspections  are 
performed  for  what  reason(s)? 


440.  Cite  correct  operational  procedures  of  manual 
sprayers. 


Operating  Manual  Sprayers.  In  order  to  obtain  the  best 
operational  efficiency  of  spray  equipment,  or  any  other 
equipment,  it  must  be  properly  prepared  for  o^ration,  and 
then  you  must  operate  it  in  accordance  with  the  appropriate 
operational  guide.  Because  there  are  usually  several 
variations  for  operating  each  type  of  spray  equipment, 
discussion  in  this  lesson  is  restricted  to  generally  common 
procedures.  We  will  also  identify  safety  precautions  you 
must  take  while  handling  the  equipment. 

Compressed-air  sprayer.  The  compressed-air  sprayer  has 
a  small  V^-  to  3-gallon  tank  with  an  air  pump,  hose,  spray 
gun,  and  other  components  necessary  for  applying  liquid 
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insecticides.  An  exploded  view  (with  identified  components) 
of  a  typical  compressed-air  sprayer  is  illustrated  in  figure 
3-36.  The  tank  should  be  filled  %  to  %  full  and  air  compressed 
into  the  remaining  space.  This  compressed  air  exerts 
pressure  on  the  liquid  and  forces  it  through  the  lines  and  to  the 
nozzle.  As  the  liquid  leaves  the  nozzle,  the  spray  pattern  will 
depend  on  the  air  pressure  maintained  in  the  sprayer  and  the 
type  of  nozzle  used.  The  air  should  be  compressed  to  40  psi, 
after  which  spraying  may  continue  until  pressure  drops  to 
approximately  30  psi. 

lb  help  you  perform  a  preoperational  inspection  on  the 
compressed-air  sprayer,  typical  procedures  are  provided. 
Refer  to  fi^  .«s  3-36,  3-37,  and  3-38. 

a.  If  ti.c  sprayer  is  unopened,  turn  the  pump  assembly 
counterclockwise  very  slowly  to  make  sure  all  pressure  is  let 
out  of  the  tank.  If  the  pump  assembly  is  opened  faster  than  the 
air  is  allowed  to  escape,  you  might  damage  the  threading  at 
the  top  of  the  tank  and  within  the  pump  assembly  ;  plus,  it  can 
cause  serious  injury  to  you  since  the  pump  assembly  could  be 
ejected  upward  by  pressure  in  the  tank. 

b.  Check  the  threading  on  the  tank  and  within  the  pump 
assembly  to  make  sure  the  threads  haven't  worn  out  or 
broken  off. 

c.  Make  sure  the  pressure  release  opening  is  clear  to  allow 
the  release  of  pressure  when  the  pump  assembly  is 
unscrewed.  This  pressure  release  opening  is  located  on  the 
outer  top  portion  of  the  pump  assembly. 

d.  Make  sure  the  pump  rod  is  straight  to  prevent  excess 
wear  to  the  pump  bonnet. 

e.  Insure  the  pump  gasket  is  in  place,  it  straight,  and  is  not 
brittle  or  deteriorated. 
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Figure  3-36.  Compressed-air  sprayer  (exploded  view). 
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Figure  3-37.  Pump  assembly  (exploded  view). 


/  Check  the  pump  cylinder  to  insure  that  it  isn't  dented  or 
cracked.  Clean  the  inner  portion  frequently  with  a  large 
bottle  brush  to  prevent  caking  of  formulations  and  to  remove 
any  corrosive  substances. 

g.  Use  steel  wool  to  clean  the  check  valve.  Then,  inspect 
the  check  valve  to  be  sure  it's  in  place,  is  not  deteriorated,  and 
is  not  lodged  open  by  debris  and  metal  filings.  With  water, 
frequently  flush  the  area  between  the  check  valve  and  the 
pump  cylinder  to  remove  debris  and  metal  filings. 

h.  Inspect  the  piston  cup  to  make  sure  it's  firm,  but  pliable. 
Lubricate  the  cup  periodically  with  vegetable  oil  to  prevent  it 
from  getting  dry. 

/.  Check  the  outlet  pipe  to  insure  that  it  is  securely  attached 
and  free  of  debris. 

/  Check  the  formulation  tank  for  cracks  and  holes  that  may 
be  in  the  tank  or  around  solder  joints. 

k.  Make  sure  all  hose  and  wand  fittings  and  couplings  are 
tight. 

/.  Inspect  the  hose  to  insure  that  it  has  not  become  brittle 
and  to  be  sure  there  are  no  cracks  or  holes. 

m.  Be  sure  the  cutoff  valve  is  functioning  properly. 

n.  Inspect  the  spray  gun  assembly  periodically  to  i.;sure 
that  strainers  are  unclogged  and  to  insure  that  O-rings  and 
seats  are  in  good  condition  and  free  of  debris. 

Once  you've  inspected  the  sprayer  components,  pour  plain 
water  into  the  tank,  insert  the  pump  assembly  and  secure  it, 
pressurize  the  tank,  and  inspect  for  leaks  r>jid  tesi  the  shutoff 
valve.  If  there  are  no  leaks  and  the  shiuoff  valve  functions 
properly,  the  sprayer  is  ready  for  use. 

Always  be  sure  the  pressure  is  released  after  each  use  and 
never  transport  the  sprayer  with  pressure  applied.  Pesticide 
formulations  should  not  remain  in  the  sprayer  for  an 
extended  period  of  time.  (Usually  no  more  than  24  hours,  but 


NOZZLE 


WAND 


Figure  3-38.  Spray  gun  assembly  (exploded  view). 
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sometimes  less,  depending  on  the  pesticide  and  formulation 
used.) 

Aerosol  dispenser.  The  small,  low-pressure  aerosol 
dispenser  consists  of  a  can  with  a  discharge  valve  and  nozzle 
at  the  top,  and  a  tube  extending  from  the  valve  to  the  bottom 
of  the  can.  The  insecticide,  a  concentrated  oil  solution,  is 
mixed  with  a  propellant  (usually  a  nontoxic  gas)  and  placed  in 
the  can  when  assembled.  When  the  discharge  valve  is 
pressed,  propellant  gas  within  the  can  forces  the 
insecticide-propellant  mixture  through  tlie  nozzle  and  it  is 
atomized  into  spray. 

Pressurized  cylinder  Before  you  begin  using  a 
pressurized  cylinder,  make  sure  it's  properly  charged  and  the 
nozzle  is  clear.  If  either  of  this  is  a  problem,  the  unit  won't 
work  properly  or  may  not  work  at  all.  If  you  must  clean  the 
nozzle,  do  it  as  gently  as  possible.  Use  warm  running  water  at 
first.  If  this  doesn't  work  you  may  use  a  fine  straight  pin,  but 
be  careful  not  to  alter  the  size  and  shape  of  the  nozzle  opening 
since  it  will  increase  the  droplet  size,  reducing  the  aerosol's 
effectiveness.  If  the  unit  wasn't  properly  charged  with 
propellent  at  the  factory,  dispose  of  the  can  in  an  appropriate 
manner,  but  never  in  an  incinerator  or  the  can  may  explode 
when  heated.  These  cylinders  have  a  much  heavier 
constructed  tank,  extended  nozzle,  and  shutoff  valve  you 
turn  to  regulate  the  rate  of  discharge. 

A  preoperational  inspection  on  this  item  of  equipment 
consists  of  checking  the  container,  valve,  and  nozzle  to 
insure  that  these  items  are  not  corroded  or  damaged. 

To  test  for  leaks,  first  turn  on  the  cylinder  valve.  Purge 
any  air  from  inside  the  hose.  Then  place  the  ULV  jet  or 
injection  gun  in  water  and  watch  for  bubbles.  If  a  hose 
connection  or  the  gun  leaks,  retighten  and/or  retape  and 
retighten  the  fittings.  If  you  can't  correct  any  leaks  by  this 
method,  refer  to  the  manufacturer's  instruction  for  further 
information. 


Exercises  (440): 

1 .    What  is  the  ideal  pressure  for  operating  a  compressed- 
air  sprayer? 


2.    What  are  two  reasons  for  releasing  the  pump  assembly 
slowly  when  there  is  pressure  in  the  tank? 


3.    What  items  on  the  compressed-air  sprayer  should  you 
check  to  insure  proper  flexibility? 


4.    Before  you  use  an  aerosol  bomb,  what  should  you 
check? 


5.    List  the  steps  involved  in  checking  a  pressurized 
cylinder  for  leaks. 


441.  Specify  preoperational  inspections  and  operational 
pnx:edures  for  manual  dusters. 

Operating  Manual  Dusters.  Proper  operation  of  manual 
dusters  requires  you  to  know  preoperational  and  operational 
procedures;  therefore,  this  lesson  will  identify  these 
procedures  and  applicable  safety  precautions. 

Hand  shaker  This  shaker  is  rectangular  with  a  handle 
attached  to  one  side.  The  detachable  lid  has  a  screen  end  to 
sift  the  insecticide  dust  when  the  duster  is  shaken.  You  may 
attach  a  long  handle  to  the  duster  to  treat  overhead  beams  and 
rafters.  If  the  shaker  is  fitted  with  a  16-  to  20-mesh  screen,  or 
a  perforated  lid,  a  baffle  isn't  needed  to  keep  the  dust  from 
being  dispensed  in  too  great  quantities. 

Be  careful  when  applying  dust  to  high  areas  to  prevent 
dumping  dust  on  yourself.  To  prevent  electrical  shorts  and 
fKJSsibly  fires,  do  not  use  this  shaker  in  areas  that  contain 
electrical  wiring. 

Hand  bellows.  This  is  a  rubber  cylinder  about  3  inches  tall 
with  a  metal  top  and  bottom.  The  top  is  open  and  fitted  with  a 
cork.  The  bottom  has  a  metal  extension  tube.  A  large  coil 
spring  touching  the  top  and  bottom  supports  the  device  inside. 
Dust  is  placed  inside  the  cylinder  from  the  top,  the  cork  is 
inserted,  and  dust  is  blown  out  through  the  extension  tube  by 
hand  pressure  on  the  top  and  bottom. 

A  preoperational  inspection  involves  nothing  more  than 
checking  the  rubber  cylinder  for  cracking  and  splitting,  and 
insuring  that  the  spring  has  proper  tension  and  the  extension 
tube  is  not  clogged. 

Bulb  duster  The  bulb  duster  is  normally  a  4-inch  rubber 
bulb  fitted  with  a  screw  cap  containing  a  dust  nozzle.  After  the 
bulb  is  filled  with  dust  and  the  cap  replaced,  hand  pressure  on 
the  bulb  disperses  the  dust. 

Before  operating  the  bulb  duster,  make  sure  the  bulb  is  not 
cracked  and  the  nozzle  fits  tightly  and  is  not  clogged. 

Plunger  duster  This  item  has  an  air  pump  with  a  metal 
reservoir  into  which  the  air  blast  is  directed  to  disperse  the 
insecticide  as  a  fine  cloud  or  as  a  more  or  less  solid  blast.  If 
the  duster  is  turned  so  the  delivery  tube  is  beneath  the  dust, 
very  heavy  dust  patterns  will  be  produced. 

To  pedform  a  preoperational  inspection  on  this  item  of 
equipment,  follow  these  procedures: 

(1)  Check  the  dust  bin  and  pump  cylinder  for 
deterioration. 

(2)  Make  sure  the  gasket  beneath  the  filler  cap  is  in 
position  and  is  not  deteriorated. 

(3)  Insure  the  plunger  cup  is  firm  but  pliable. 

(4)  Make  sure  that  the  nozzle  and  siphon  tube  are  not 
damaged  and  are  free  of  debris. 

Rot€uy  duster  This  duster  has  a  5-  to  10-pound  capacity 
hopper  from  which  dust  is  fed  by  a  mechanism  into  a  fan  case. 
When  the  crank  is  turned,  the  fan  blows  the  dust  through  a 
long  tube.  Most  dusters  may  be  adjusted  to  deliver  from  5  to 
20  pounds  of  dust  per  acre  under  normal  conditions. 

To  perform  a  preoper  v>nai  inspection  on  a  rotary  hand 
duster,  check  the  crank  to  be  sure  it's  operable  and  straps  are 
not  frayed  to  the  extent  of  possible  breakage. 

When  operating  this  equipment  outdoors,  keep  the  wind 
to  your  back  and  Itt  the  dust  blow  downwind  from  you. 
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Foot  pump  duster.  The  foot  pump  duster  is  a 
hand-operated  plunger-type  blower  with  a  container  for 
rodenticide  dust  or  fumigant .  A  stirrup  is  provided  so  that  the 
pump  can  be  held  down  with  one  foot  while  you  pump  air  and 
rodenticide  into  the  buriow  through  a  short  length  of  hose. 
The  1-  and  5-pound  capacity  foot  pumps  are  most  commonly 
used  for  fumigating  rodent  burrows. 

A  preoperational  inspection  for  this  item  of  equipment 
includes  checking  the  pump  assembly  in  the  same  manner  as 
for  the  hand  plunger  duster  and  insuring  that  the  air-selector 
valve  is  operable.  Check  the  hose  to  make  sure  it  is  not 
cracked  and  is  tightly  secured  to  the  duster  frame. 

You  should  wear  a  gas  mask,  long-sleeved  shirt,  and 
rubber  gloves  when  using  calcium  cyanide  in  a  foot  pump 
duster.  Always  stand  upwind  from  the  point  where  the  hose  is 
inserted  into  the  burrow  to  avoid  breathing  in  dust  or  cyanide 
gas. 

Granular  spreader.  The  type  of  granular  spreader 
illustrated  in  figure  3-1 1  has  a  rotary  slinger  plate  operated  by 
gears  and  a  hand  crank,  and  a  cylindrical  metal  hopper  or 
cloth  bag  granule  holder.  There  is  a  possibility  when  this 
equipment  is  being  used  in  tall  grass  and  cat  tails  the  gears  and 
rotating  plate  may  get  clogged  with  vegetation,  which  then 
causes  breakdowns.  A  protective  sheet  of  metal  can  be 
mounted  parallel  to  and  below  the  slinger  plate  and  ahead  of 
the  latter  to  divert  the  vegetation  a  vay  from  the  moving 
parts. 

Before  operating  this  equipment,  make  sure  there  are  no 
obstacles  that  would  prevent  the  rotating  plate  from  turning, 
check  that  the  crank  handle  is  securely  attached,  and  inspect 
the  grease  fitting  for  dryness  or  excessive  grease. 

Operate  this  equipment  with  the  wind  to  your  back, 
making  one  complete  revolution  of  the  crank  handle  per 
normal  walking  step  taken,  and  wear  appropriate  safety 
equipment. 

Exercises  (441): 

1 .    Why  are  hand  shakers  equipped  with  a  long  handle? 


2.    What  is  one  action  you  take  in  the  preoperational 
inspection  of  hand  bellows? 


3.    Before  operating  the  bulb  duster,  what  should  you  do? 


4 .    The  preoperational  inspection  of  the  hand  plunger  duster 
is  the  same  as  which  other  assembly? 


5.    What  should  you  do  when  operating  the  rotary  hand 
duster  outdoors? 


6.    What  is  a  foot  pump  duster  often  used  for? 
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7.    What  preoperational  checks  should  you  make  before 
operating  the  granular  spreader? 


442.  Identify  correct  statements  relative  to  operating 
portable  powered  equipment  with  the  appropriate 
equipment  item. 

Operating  Portable  Powered  Equipment.  Although  the 
proper  operation  of  portable  powered  equipment  is  no  more 
important  than  that  of  the  other  types  of  equipment,  it  is  more 
essential  in  reducing  hazards  to  the  operator  and  in  reducing 
maintenance  costs. 

Frame-mounted  hydraulic  sprayer  This  sprayer  is 
generally  designed  to  disperse  pesticidal  sprays  at  pressures 
from  1 50  to  300  psi  at  2  to  4  gpm.  Operating  pressures  of  over 
300  psi  will  damage  the  pump.  It  is  provided  with  handles  for 
carrying  by  two  people,  a  suction  hose  with  a  strainer  for 
insertion  into  a  separate  formulation  tank,  a  return  hose,  and 
a  discharge  hose. 

A  preoperational  inspection  includes  a  check  of  the 
following  items: 

•  Fuel  level . 

•  Fuel  tank  for  cracks  and  holes. 

•  Engine  oil  level. 

•  Engine  cylinder  head  for  foreign  debris . 

•  Pump  piston  for  required  oil . 

•  Unsealed  lubrication  points  for  dryness  or  excessive 
grease. 

•  Starter  rope  for  excessive  fraying. 

•  Engine  air  filter  for  cleanliness. 

•  Suction,  return,  and  discharge  hoses  for  cracks  and 
holes. 

•  Spray  gun  for  operability. 

•  Nozzles  for  foreign  debris. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Drive  belt  for  excessive  fraying  and  proper  tension; 
drive  pulleys  for  tightness  and  alignment. 

•  Shutoff  and  regulating  valves  to  insure  they  are 
operative. 

Before  performing  the  operational  test  on  this  (or  any 
other)  equipment,  remove  all  jewelry  and  wear  form-fitting 
prote::tive  clothing  along  with  the  required  safety  protective 
equipment.  Make  sure  the  discharge  hose  is  capable  of 
withstanding  piessures  in  excess  of  the  prersure  that  is 
capable  of  being  produced  by  the  pump  to  prevent  hose 
rupture.  Don't  opemte  this  unit  dry;  always  make  sure  liquid 
is  in  the  pump  before  you  start  or  stop  it. 

To  conduct  the  operational  test,  place  the  suction  hose  in  a 
sufficient  amount  of  water,  place  the  pressure  regulator 
control  lever  in  the  release  position,  and  close  off  the 
discharge  hose.  Then  start  the  engine  and  allow  it  to  warm  for 
2  or  3  minutes.  While  waiting  for  the  engine  to  warm, 
reinspect  the  equipment  for  leaks,  pulley  alignment,  and 
other  malfunctions.  If  no  discrepancies  are  noted,  adjust  the 
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pressure  regulator  to  the  desired  of>erational  pressure  and 
open  the  discharge  hose  while  holding  it  firmly.  Iv  all  systems 
are  iiinctioning  properly,  the  equipment  is  ready  for  use;  if 
not,  don't  use  it  until  all  problems  are  corrected. 

Backpack  mist-dust  blower,  As  the  name  implies,  this 
unit  is  carried  on  the  back  of  an  of>erator.  These  blowers  have 
a  tank  capacity  of  2  to  4  gallons  and  are  powered  by  a  small 
air-cooled  gasoline  engine.  They  can  disperse  liquids,  dusts, 
or  granules.  They're  extremely  useful  in  dispersing 
adulticides  or  larvicides  over  terrain  where  wheeled  vehicles 
cannot  travel.  In  general,  the  effective  swath  is  rep>orted  as  30 
to  80  feet. 

In  performing  a  preoperational  insi>ection  on  this 
equipment  check  the  following  items: 

•  Formulation  tank  and  return  line  for  cracks. 

•  Formulation  tank  cap  gasket  to  be  sure  it's  in  place  and 
in  good  condition. 

•  Harness  straps  to  make  sure  that  they  an  not  frayed  to 
the  extent  of  possible  breakage  and  to  see  that  all 
buckles  are  intact  and  operable. 

•  Dust  and  liquid  formulation  dispersal  hoses  to  insure 
they  aren't  cracked  or  don't  have  holes  and  to  insure  all 
couplings  are  in  their  proper  place  and  are  secure. 

•  Dust  control  valve  and  lever  to  insure  they  work 
properly. 

•  Liquid  control  valves  to  insure  they  work. 

•  Liquid  nozzle  to  make  sure  it  is  free  of  debiis. 

•  Hirbine  blower  oil  level . 
^  Fuel  level. 

•  Fuel  cap  to  insure  that  the  gasket  is  in  place  and  has  not 
deteriorated. 

•  TUrbine  blower  filter  for  cleanliness. 

•  Air  filter  for  cleanliness. 

•  Starter  pull  rope  to  insure  it's  operative  and  is  not 
excessively  frayed. 

•  All  screws,  nuts,  and  bolts  to  be  sure  they  are  tight. 

•  The  proper  type  of  gasoline  (regular)  and  oil 
(nondetergent  SAE-30)  is  used. 

•  Insure  that  the  proper  mixture  of  gas  and  oil  fuel  is 
being  used  (1  ounce  of  oil  to  16  ounces  of  gasoline). 

The  safety  precautions  you  must  observe  when  using  the 
backpack  mist-dust  blower  are  as  follows: 

•  Do  not  operate  the  equipment  beyond  the  recom- 
mended engine  rpm. 

•  Do  not  overfill  the  fiiel  tank  or  oil  reservoir. 

•  Do  not  remove  the  fiiel  tank  cap  when  the  tank  is  fiill 
and  the  engine  is  warm. 

•  Start  the  engine  before  placing  the  equipment  on  your 
back  to  prevent  the  possibility  of  gas  spilling  on  you 
and  the  engine  while  trying  to  start  it. 

•  Keep  the  equipment  as  level  as  possible  on  your  back 
and  avoid  excessive  shaking  to  prevent  spillage  of 
pesticide  and  gasoline  on  you  and  the  engine. 

•  Operate  the  engine  at  low  rpms  for  a  short  time  before 
turning  it  off, 

Hand'carried  UIV  generator,  Most  hand-carried  ULV 
generators  use  a  small  engine  similar  to  the  one  used  with  the 
backpack  mist-dust  blower.  The  units  weigh  15  to  25  pounds 
and  have  a  dispersal  rate  of     to  2  ounces  per  minute. 


A  preoperational  inspection  includes  a  check  of  the  follow- 
ing items: 

•  Fuel  level. 

•  Oil  level  in  the  supercharger, 

•  Starter  pull  rope  for  fraying. 

•  Carburetor  and  supercharger  air  filters  for  cleanliness . 

•  Carburetor  sediment  bowl  for  cleanliness. 

'  Fuel  and  pesticide  tanks  for  holes  and  cracks. 

•  Dispersal  hose  for  crack  and  holes. 

•  Nozzle  fins  for  foreign  debris. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Pesticide  tank  cap  gasket  for  firmness  and  pliability. 

•  Regulating  and  control  valves  to  insure  they  are 
oi>erative. 


The  hand-carried  ULV  generator  uses  a  gas  and  oil  f\iel 
mixture.  Therefore,  you  must  be  sure  to  use  the  proper 
mixture  as  prescribed  by  the  operational  manual  for  your 
particular  unit.  Generally,  the  gas  and  oil  fuel  mixture  will  be 
5  ounces  of  outboard  motor  oil  to  1  gallon  of  regular  gasoline. 
Prepare,  this  mixture  in  a  clean  container  and  mix  thon  aghly 
before  putting  it  into  the  tank. 

The  engine  must  be  operated  at  full  rpm ,  and  a  pressure  of 
3  to  4  psi  should  be  maintained  in  the  air  manifold  and 
p>esticide  tank  to  be  most  effective. 

High-pressure  pesticide  sprayer  As  you  learned  earlier, 
you  need  an  electric  source  and  a  water  source  to  use  this  unit. 
Before  you  begin  using  it,  make  sure  it's  in  a  secure  location 
so  pets  and  children  won't  tamper  with  it  while  you  work. 
Make  sure  your  water  source  is  clear  and  cold  or  you  may 
damage  the  unit  or  prevent  its  effective  performance.  Make 
sure  you  have  a  waterflow  of  at  least  3  gpm.  To  determine 
this,  use  a  1 -gallon  container  and  make  sure  it's  filled  in  no 
more  than  20  seconds. 

Here  are  preoperational  procedures  for  the  high-pressure 
pesticide  sprayer. 

•  Attach  garden  hose  to  the  on/off  adapter,  which  is 
connected  to  the  water  inlet. 

•  Connect  the  high-pressure  spray  hose  to  the  outlet  side 
of  the  unit. 

•  Don't  turn  on  the  iinit,  but  start  the  water  and  spray  for 
a  short  time  to  clear  air  from  the  lines. 

•  Connect  a  grounded  extension  cord  to  the  electrical 
inlet. 

•  Based  on  pesticide  label  instructions,  determine  what 
percentage  of  finished  spray  you  need.  Set  the  blue 
pointer  handle  (fig.  3-14)  to  this  percentage.  Be 
precise. 

•  Refer  to  the  label  and  find  out  the  percent  of  active 
ingredient  in  the  concentrate.  Set  the  r^d  pointer  handle 
to  this  percentage.  If  the  label  indicates  more  than  one 
p>esticide,  set  the  handle  to  the  highest  percentage 
listed. 

•  TUm  the  power  switch  to  the  pump  position.  Make  sure 
the  pump  is  getting  water  to  avoid  burning  out  the 
pump.  Do  not  attach  the  siphon  tube  yet.  Start  spraying 
without  the  pesticide. 

•  Adjust  the  pressure  regulator  so  the  pressure  gauge 
indicates  125  psi. 
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•  Attach  the  pesticide  concentrate  container  to  the  side  of 
the  unit  wi^h  tiedown  straps. 

•  Connect  the  siphon  tube  to  the  unit  at  the  concentrate 
siphon  tube  connector.  Be  sure  to  wear  neoprene 
gloves  when  you  handle  the  concentrate. 

•  Place  the  riphon  tube  in  the  concentrate  container, 
insuring  the  tube  and  filter  screen  drop  to  the  bottom  of 
the  can. 

•  Before  you  start  spraying,  record  the  setting  on  the 
digital  gallonage  meter  on  top  of  the  sprayer.  This  will 
make  it  easy  for  you  to  find  the  number  of  gallons  of 
finished  spray  used  on  each  operation. 

Rotor  hammer.  This  is  a  large  industrial  drill  with  a 
hammering  mechanism.  In  pest  management,  it's  used  to 
drill  holes  through  masonry  for  sub-slab  injection  of 
termiticides.  (Demolition  experts  also  use  it  to  drill  holes  into 
which  explosives  are  placed.  However,  this  isn't  a 
recommended  pest  management  method,  no  matter  how 
desperatt  you  get.)  A  spring-action  stop  bracket  holds  the 
drill  bit  iii  place  and  shifts  easily  for  fast  tool  changes;  no 
hand  turning  of  bits  is  needed.  An  adjustable  hex  rod  helps 
you  drill  holes  to  a  uniform  depth  and  a  pipe  handle  on  either 
side  to  ease  operation  and  handling.  This  handle  must  i>e  used 
when  you're  using  rotating  bits. 

Follow  these  preoperational  procedures  before  you  use  a 
roto  hammer.  Refer  to  figure  3-39  as  needed. 

•  Oil  the  hammer  by  putting  3  squirts  of  SAE  lOW 
turbine  oil  into  the  nose  and  in  ihe  oil  reservoir  for  the 
automatic  oiler. 

•  Make  sure  the  shank  of  the  bit  is  clean  before  you 
install  it. 

•  Make  sure  the  drill  is  properly  grounded  before  you 
use  it. 


RETAINER 


FILLER  PLUG 
(FILTER) 


•  Adjust  the  clutch  as  needed  to  be  sure  the  hammer 
won't  spin  at  full  torque  if  the  bit  binds.  Hits  is  an 
important  safety  factor  with  the  drill. 

•  If  the  clutch  slips  too  often,  tighten  it  one-half  turn  at  a 
time  until  the  bit  drills  efficiently  with  clutch  slippage. 
If  the  clutch  doesn't  slip  when  the  bit  binds,  loosen  it 
one-half  turn  at  a  time. 

As  you  operate  the  roto  hammer,  you  only  need  to  app!y 
as  much  pressure  as  is  needed  to  keep  the  bit  in  ihe  desired 
position.  Keep  the  pipe  haiidle  against  a  bended  knee  to  reduce 
your  chances  for  injury  if  the  bit  binds.  Hold  the  hammer  In 
line  with  the  I  ole  you're  drilling  horizontally,  and  apply  enough 
pressure  to  keep  the  bit  firmly  seated. 


Exercise  (442): 

1,  Match  the  operational  statements  in  column  B  with  the 
applicable  equipment  in  column  A.  Column  B  items  may 
be  used  more  than  once. 


Column  B 

a.  Backpack  mist-dust 
blower. 

b.  Hand-carried  ULV 
generator. 

c.  Frame-mounted  hy- 
draulic sprayer. 

d.  High-pressure  pesti- 
cide sprayer. 

e.  Roto  hammer. 


CF-091 


Figure  3-39.  Roto  hammer. 


Column  A 
The  gas-oil  mixture  is  5  ounces 
outboard  motor  oil  to  1  gallon 
regular  gasoline. 
_(2)  Lubricate  by  adding  SAE  lOW 
turbine  oil  to  the  oil  reservoir 
and  nose , 

_(3)  Before  operating,  remove  all 
jewelry  and  wear  form-fitting 
clothing  aiong  with  other  re- 
quired safety  equipment. 

_(4)  The  effective  swath  width  is  30 
to  80  feet. 

_(5)  If  the  clutch  is  too  tight  or  loose, 
adjust  it  one-half  turn  at  a  time, 

_(6)  Insure  a  waterflow  of  at  least  3 
rpm  before  using  this  equipr^icnt. 

_(7)  Operate  at  full  rpm  and  a 
pressure  of  3  to  4  psi  in  the 
manifold  and  pesticide  tank. 

_(8)  The  pressure  regulator  must  be 
adjusted  to  provide  125  psi. 

_(9)  Use  this  to  apply  adulticides  or 
larvicides  over  terrain  where 
wheeled  vehicles  can't  travel. 

_(10)  With  this  item,  the  maximum  psi 
should  never  exceed  300  and  the 
unit  should  never  be  operated 
without  liquid  in  the  pump. 


443.  Cite  operational  characteristics,  inspection 
requirements,  and  safety  precautions  regarding  non- 
portable mist-dust  blowers* 


Operating  a  Nonportable  Mist-Dust  Blower.  This  type 
of  equipment  has  a  four-cylinder  gasoline  engine,  a  fan,  a 
hopper  to  hold  pesticide  dusts  or  granules,  and  a  tank  to  hold 
liquid  pesticides.  The  high-velocity  fan  forces  air  through  the 
large  air  discharge  boom  and  blows  the  pesticide  up  to 
several  hundred  feet  into  the  control  area.  The  liquid 
pesticide  is  forced  through  special  small  nozzles  into  the 
large  air  discharge  boom  and  blown  from  the  machine  as  a 
spray  or  mist. 
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Check  the  following  items  when  you  do  a  preoperational 
inspection  on  the  unit. 

•  Fuel  level. 

•  Engine  oil  level. 

•  Battery  water  level . 

•  Battery  terminals  and  cables. 

•  Gasoline  sediment  bowl,  blower  fan,  air  boo»a,  and 
nozzles  for  foreign  debris. 

®  Fuel  pump  for  leaks. 

•  Fuel  and  pesticide  tanks  for  cracks  and  holes. 

•  Pesticide  hopper  for  cracks  and  holes. 

•  Hopper  agitator  for  security. 

•  Fuel  and  liquid  pesticide  lines  for  cracks  and  holes. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Unsealed  lubrication  points  for  dryness  or  excessive 
grease. 

•  Drive  pulleys  for  tightness. 

•  Drive  belts  for  fraying  and  proper  tension. 

Hopper  drive  chain  and  boom-steering  chain  for  weak 
links  and  lubrication. 

•  Shutoff  and  regulating  valves  for  operability. 

Again,  before  perfc  ling  the  final  phase  in  the 
preoperational  inspection  uii  this  equipment  (operational  test 
using  water  or  talc),  make  sure  all  jewelry  is  removed  and  put 
on  form-fitting  piutective  clothing.  Excessively  loose-fitting 
clothing  and  jewelry  have  a  tendency  to  be  caught  in  drive 
belts  and  pulleys  (and  other  protruding  objects)  and  can  cause 
serious  injuries.  You  must  also  be  sure  no  one  is  standing  in 
front  of  the  air  boom  or  beside  the  air  fan ,  because  these  items 
create  extreme  suction  and  air  velocity.  The  air  boom  should 
be  pointed  upward  before  you  start  this  unit. 

After  you  have  completed  the  first  step  in  the 
preoperational  inspection  and  have  taken  the  prestarting 
precautions,  start  and  operate  the  equipment  to  be  sure  there 
are  no  leaks  and  all  parts  are  operational. 

Most  models  of  this  equipment  are  not  designed  to 
produce  high  pressures,  because  they  rely  on  the  air  velocity 
to  disperse  the  pesticide;  therefore,  you  must  not  operate  the 
equipment  with  pressures  exceeding  the  recommendations 
set  forth  in  the  operation  manual  for  your  particular  unit. 


Exercises  (443): 

1.  The  high-velocity  fan  forces  air  through  the  large  air 
discharge  

2.  The  liquid  pesticide  is  forced  through  small  nozzles  into 
the  large  air  discharge  boom  and  blown  from  the 
machine  as  a  or  

3 .  What  parts  of  the  electrical  system  should  you  check? 

4.  The  fuel  pump  should  be  checked  for  

5.  An  operational  check  should  be  performed  using 
 or  

6.  When  operating  this  equipment,  you  should  remove  all 

  and  wear   pmtective 

clothing. 


446.  Cite  characteristics  and  operatiormal  features  of 
trailer-mounted  hydraulic  sprayers. 


EKLC 


Operating  a  TVailer-Mounted  Hydraulic  Sprayer. 

With  this  type  of  unit  the  liquid  pesticide  is  pressurized  by 
means  of  a  power-driven  hydraulic  pump  with  regulators  that 
maintain  the  desired  pressure.  Pressures  range  from  20  to 
800  psi.  The  spray  pattern  is  determined  by  the  pressure  and 
the  type  of  nozzle  used,  varying  from  a  solid  stream  to  a  fine 
mist.  The  power  sprayer  has  a  tank  of  50-  to  600-gallons 
capacity,  with  a  rotating  agitator  to  keep  pesticides  in 
suspension.  A  gasoline  motor  or  power  takeoff  operates  a 
piston  or  diaphragm  pump.  The  power  sprayers  most  used  in 
Air  Force  pest  management  operations  are  small  outfits  of 
not  more  than  200-gallon  capacity  mounted  on  trailers. 
These  sprayers  deliver  a  maximum  of  1  to  10  gallons  of  spray 
per  minute  and  have  pressure  regulators  so  the  Kjcommended 
pressure  is  maintained. 

The  pressure  regulator  is  typically  a  large,  steel  ball 
bearing  forced  against  a  valve  seat  by  a  spring.  A  nut,  thumb 
screw,  or  lever  adjusts  the  spring  tension  to  provide  high  or 
low  pressure.  When  pressure  exceeds  that  which  is  desired, 
the  ball  bearing  is  displaced  and  the  surplus  spray 
recirculates  through  the  pump  or  is  forced  back  into  the  spray 
tank.  The  power  sprayer  has  one  or  more  hose  leads  to  which 
you  attach  spray  guns  similar  to  those  used  with  the  small 
compressed-air  sprayers.  You  can  also  use  these  sprayers 
with  the  orchard  gun  ordinarily  purchased  with  the  sprayer. 
The  orchard  gun  is  adjustable  to  provide  any  pattern  from  a 
solid  stream  to  a  fine-cone  spray.  The  orchard  gun,  or  a  spray 
boom  with  several  nozzles,  may  be  used  to  treat  fields  or 
other  areas  requiring  heavy  applications. 

Most  engines  used  on  this  type  of  equipment  are  designed 
to  be  operated  at  a  minimum  of  1 ,800  rpm  and  a  maximum  of 
2,800  rpm;  but  refer  to  the  operator's  manual  and  operate  the 
engine  according  to  recommendations. 

Pumps  should  not  be  regulated  to  exceed  the  maximum 
pressure  prescribed  in  the  operator's  manual.  Pressures 
usually  don't  exceed  400  psi  for  Air  Force  pest  management 
operations. 

Check  the  following  items  when  performing  a 
preoperational  inspection  on  the  trailer-mounted  hydraulic 
sprayer: 

•  Fuel  level. 

•  Oil  level. 

•  Carburetor  air  filter  for  cleanliness, 

•  Starting  rope  for  excessive  fraying. 

•  Engine  cylinder  head  for  foreign  debris. 

•  Fuel  and  pesticide  tanks  for  cracks  and  holes. 

•  Hoses  for  cracks  and  holes. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  bolts  for  tightness. 

•  Drive  belts  for  fraying  and  proper  tension. 

•  Drive  pulleys  for  tightness. 

•  Unsealed  lubrication  points  for  dryness  and  excessive 
grease. 

•  Agitator  for  paddle  condition  and  security. 

•  Shutoff  and  regulating  valves  for  operability, 

•  Nozzles  for  foreign  debris. 

Before  performing  the  operational  test  with  water, 
remove  all  jewelry  and  be  dressed  in  form-fitting  protective 
clothing.  Be  sure  the  pesticide  dispersal  hose  and  return  hose 
are  designed  and  capable  of  withstanding  pressures  well 
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above  the  pressure  range  of  the  pump  to  prevent  them  from 
bursting.  Make  suie  the  spray  gun  and/or  boom  are  shut  off. 
If  the  sprayer  contains  an  airdome  that  must  be  prechargcd, 
you  should  chaise  it  with  the  amount  of  air  specified  in  the 
operator's  manual. 

Exercises  (444): 

1.    What  is  the  range  of  pressures  in  tlie  hydraulic  sprayer 
and  ho^--  '^re  they  controlled? 


2.    What  is  the  power  sprayer  tank  capacity? 


3.    How  are  pesticides  kept  in  suspension? 


4.    These  sprayers  deliver  from    to 

gallons  of  spray  per  minui  e. 


5.    Which  source  is  best  to  refer  to  when  operating 
hydraulic  sprayers? 


6.    Pumps  should  not  be  regulated  to  exceed  the 
pressure  prescribed  in  the  operator's  manual. 


445.  Specify  characteristics  and  operational  features  of 
nonportable  ultralow  volume  generators. 


•  Drive  pulleys  for  tightness  and  alignment. 

•  Nozzles  for  foreign  debris. 

•  Gasoline  and  insecticide  tanks  for  cracks  and  holes. 

•  Gasoline  and  insecticide  hoses  for  cracks  and  holes. 

•  Couplings  and  fittings  for  tightness. 

•  Screws,  nuts,  and  belts  for  tightness. 

•  Engine  cylinder  head  for  foreign  debris. 

•  Carburetor  filter  for  cleanliness. 

•  Shutoff  and  regulating  valves  for  operability. 

Before  performing  the  operational  test  on  the  ULV 
generator,  remove  all  jewelry  and  put  on  form-fitting  protective 
clothing  along  with  other  required  safety  protective  equipment. 
Make  sure  no  one  is  in  front  of  the  nozzle  and  keep  the  nozzle 
pointed  away  from  individuals. 

Once  the  preoperational  inspection  is  complete  and  all 
safety  precautions  have  been  observed,  you're  ready  to  do 
the  operational  test. 

Start  the  engine  and  allow  it  to  warm  to  the  point  of  the 
aluminum  separator  being  hot  enough  to  sizzle  a  drop  of 
water.  While  waiting  for  the  engine  to  warm,  reinspect  the 
equipment  for  leaks,  excessive  vibrations,  and  pulley 
alignnient. 

After  the  engine  has  warmed,  turn  on  the  cnemical  flow 
switch  and  monitor  the  air-pressure  gauge.  Maintain  the  air 
pressure  to  the  air  tip  between  75  to  85  psi,  and  the  air 
pressure  to  the  formulation  tank  between  12  to  17  psi.  These 
pressures  are  regulated  and  maintained  by  the  engine  and 
pump  rpm.  The  engine  should  normally  be  operated  at  2,500 
qjm  and  the  pump  operated  at  approximately  900  rpm. 
Leaking  couplings,  fittings  and  hoses,  and  improper  drive 
belt  tension  can  cause  a  drop  in  pressure,  which  would 
necessitate  an  increase  iii  the  engine  and  pump  rpm. 

This  is  just  one  more  reason  for  performing  the 
preoperational  inspection  and  operational  test  on  this 
equipment  before  taking  it  out  on  a  job.  If  everything  checks 
out  okay,  then  the  equipment  is  ready  for  use;  however,  if 
malfunctions  or  discrepancies  are  detected  the  item  should  be 
corrected  before  you  use  it. 


Operating  a  Nonportable  UIV  Generator.  This 
equipment  item  is  relatively  small  in  comparison  with  the 
other  types  of  nonportable  equipment.  The  insecticide  tank  is 
generally  a  5-  to  16- gallon  capacity  tank  and  the  equipment  is 
usually  mounted  on  a  small  half-ton  pickup .  The  nozzles  used 
on  it  must  be  capable  of  producing  droplets  in  the  5-  to 
27-micron  range.  The  average  droplet  size  should  not  exceed 
12  microns  in  diameter. 

To  perform  a  preoperational  inspection  on  this  item  of 
equipment,  check  the  following: 

•  Fuel  level. 

•  Engine  oil  level. 

•  Air  pump  oil  level. 

•  Battery  water  level . 

•  Battery  terminals  and   cables   for  tightness  and 
corrosion. 

•  Air  intake  filter  pad  for  cleanliness. 

•  Formulation  filter  for  cleanliness . 

•  Pop  safety  valve  for  operability. 

•  Drive  belts  for  excessive  fraying  and  proper  tension. 


Exercises  (445): 

1 .    How  is  a  nonportable  ULV  generator  usually  mounted? 


2 .    What  is  the  micron  range  lor  pesticide  particles  from  the 
nozzles  for  this  unit? 


3 .    What  is  the  average  pesticide  droplet  size? 


4.  What  action  should  you  take  before  you  turn  on  the 
chemical  flow  switch  and  monitor  the  air-pressure 
gauge? 


5 .    What  is  the  pressure  within  the  formulation  tank? 
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6.    What  three  conditions  may  cause  a  drop  in  pressure  and 
require  you  to  increase  engine  and  pump  rpm? 


3-3.  Maintaining  Equipment 

Besides  having  to  select  the  right  equipment  for  the  job  to 
be  done,  perform  preoperational  and  operational  inspections, 
and  having  to  operate  equipment  properly,  you  must  also 
maintain  your  equipment  in  peak-operating  condition  to  help 
you  to  conduct  effective  and  safe  pest  management 
programs. 

This  section  will  identify  organizational  maintenance 
tasks  you  must  conduct  as  part  of  your  responsibility  in 
maintaining  pesticide  dispersal  equipment. 


446.  I>enne  organizational  maintenance  and  list  tasks 
related  to  it. 


Organizational  Maintenance  Responsibilities.  Organi- 
zational maintenance  is  maintenance  performed  by  personnel 
within  the  squadron;  this  includes  operator  maintenance. 
Organizational  maintenance  consists  of  performing  all 
maintenance  within  the  capability  of  the  section.  It  is  your 
responsibility;  therefore,  you  must  be  knowledgeable  of  the 
conunon  tasks  that  you  will  be  required  to  perform.  These 
tosks  include  cleaning,  servicing,  adjusting,  repairing, 
replacing,  and  calibrating  dispersal  equipment  and/or 
equipment  components.  Remember  that  all  maintenance 
must  be  done  in  accordance*-  with  appropriate  publications 
that  identify  the  tasks  and  frequency  of  tasks  to  be  performed . 


Exercises  (446): 

1 .    Define  organizational  maintenance. 


2.    List  the  tasks  that  are  included  in  organizational 
maintenance,  dispersal  equipment  and  components. 


3.    All  maintenance  must  be  done  in  accordance  with 


447.  List  the  purposes  for  cleaning  pesticide  dispersal 
equipment  and  specify  the  cleaning  methods  to  be  used  on 
identified  types  of  dispersal  equipment. 


methods  you  use  to  clean  pesticidal  equipment  will  depend 
upon  the  type  of  equipment  you're  cleaning.  These  cleaning 
metliods ,  along  with  the  types  of  equipment  that  can  be  cleaned 
by  each  method,  will  be  discussed. 

Flushing.  Any  equipment  item  designed  to  disperse  liquid 
pesticidal  formulations  must  be  flushed  after  each  day's  use 
or  chemical  change. 

Flushing  applies  to  cleaning  the  entire  inner  portions  of 
tiie  pesticide  dispersal  system  to  remove  dirt  and  pesticides 
from  the  tank,  pump,  hoses,  and  nozzles. 

Flushing  this  system  is  very  imtx)rtant  because  many 
pesticides  are  corrosive,  and  if  left  inside  the  system  they  can 
be  ver>'  damaging. 

Flush  equipment  used  to  disperse  oil  solutions  with  a 
solvent  such  as  kerosene  or  No.  4  grade  fuel  oil  and  never  with 
water.  Equipment  used  to  disperse  emulsion  and  suspension- 
type  formulations  must  be  flushed  with  water  and  never  with 
a  solvent.  For  those  items  of  equipment  designed  to  disperse 
solutions,  emulsions,  and  suspensions,  regular  flushing  with 
water  is  most  practical;  however,  an  occasional  flushing  with 
a  solvent  may  be  required,  especially  if  you're  preparing  the 
equipment  for  extended  storage. 

Washing.  All  items  of  nonportable  powered  equipment, 
along  with  the  compressed-air  sprayer,  and  the  frame- 
mounted  hydraulic  sprayer,  can  be  washed  with  a  detergent 
and  water  solution.  Wash  all  exterior  surfaces  of  the 
equipment  after  each  day's  use  to  remove  damaging  dirt  and 
pesticide  particles.  Tkke  care  to  avoid  applying  water  to 
engine  components.  Wash  the  inner  portions  of  dust  hoppers 
and  give  plenty  of  drying  time  after  you're  done.  If  possible, 
force-air  dry  these  areas.  Rinse  thoroughly  and  wipe  the  item 
dry  to  remove  any  remaining  corrosive  substances. 

TKple  rinsing.  The  triple-rinse  method  of  cleaning 
equipment  is  flushing  the  liquid  pesticide  dispersal  system 
three  times;  the  first  two  times  using  separate  solutions  of 
detergent  and  water,  and  the  third  time  using  water  only.  This 
method  must  be  used  to  flush  an  equipment  item  designed  for 
applying  solutions,  emulsions,  and/or  suspensions  before 
it's  used  to  apply  a  type  of  pesticide  different  firom  the  type  just 
previously  used. 

Vacuuming.  For  items  of  equipment  designed  strictly  for 
applying  dusts  and/or  granules,  clear  by  vacuuming.  Hoppers 
on  other  equipment  parts  used  stricdy  for  dusts  and  granules 
should  also  be  cleaned  by  vacuuming. 

Wiping.  Wiping  with  a  damp  or  dry  cloth  is  the  method 
you  use  to  clean  engines  and  equipment  where  water  would 
be  damaging  and  would  cause  the  equipment  to  be  inoperable 
for  a  period  of  time . 

Steam  cleaning.  The  steam  cleaning  method  is  primarily 
restricted  to  removing  heavy  deposits  of  oil  and  grease  from 
nonelectrical  powered  equipment. 

mixing.  Wax  all  items  of  nonportable  powered 
equipment  periodically  to  further  help  remove  dirt  and 
pesticide  particles  and  to  give  protection  to  painted  surfaces. 


Cleaning  Equipment.  Tb  prolong  the  life  of  the  equipment, 
you  must  clean  each  item  after  you  use  it,  because  dirt  and 
pesticidal  formulations  can  damage  protective  coatings  and 
intenuil  parts  of  the  equipment.  Another  purpose  for  frequent 
cleaning  is  to  reduce  contamination  hazards.  The  cleaning 


Exercises  (447): 
1.  List  the  two  purposes  for  cleaning  pesticide  dispersal 
equipment. 
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2.  Why  should  you  flush  items  of  equipment? 


3.  How  do  you  flush  equipment  used  to  apply  oil  solution 
formulations? 


4.  Equipment  used  to  apply  emulsion-  and  suspension-type 

formulations  must  be  flushed  with  and  never 

with  


5.  When  washing  equipment,  take  care  to  avoid  applying 
water  to  . 


6.  The  third  rinse  of  the  triple-rinse  process  uses 
only. 


7.  Clean  equipment  designed  for  applying  dust  or  granules 
by  


8.  You  should  clean  engines  by  wiping  with  a  or 

 cloth. 


9.  What  type  of  cleaning  is  used  to  remove  heavy  deposits 
of  grease  and  oil? 


10.  To  provide  added  protection,  you  should 
equipment  periodically. 


448.  Indicate  whether  given  state  .ents  reflect  the 
correct  practices  and  procedures  for  servicing  equipment. 

Servicing  Equipment.  Proper  servicing  is  vital  to  the 
operation  and  maintenance  of  equipment,  because  improper 
servicing  may  cause  equipment  not  to  operate,  or  if  it  does 
operate,  you  could  damage  equipment  components  and 
present  hazards  to  yourself  and  others. 

FueL  Use  the  proper  type  and  quantity  of  fuel  for  powered 
equipment.  For  some  items  you  need  a  gasoline  and  oil 
mixture  to  operate  the  equipment.  However,  most  equipment 
only  requires  regular  gasoline.  Do  not  overfill  fuel  tanks, 
especially  those  that  are  pressurized.  If  fuel  taiiks  are 
overfilled,  spillage  will  result  due  to  the  expansion  of  the  fuel 
and  moving  the  equipment. 

LubricanL  There  are  many  types  of  lubricants  used  to 


maintain  pesticidal  equipment.  The  type  of  lubricant  used 
depends  on  the  type  of  equipment  and  where  you  use  it.  For 
this  reason,  always  refer  to  the  equipment  manual  before 
lubricating. 

For  most  items  of  powered  dispersal  equipment,  SAE 
30W  detergent  oil  is  normally  used  in  the  engine  block.  The 
type  of  oil  normally  used  in  gearboxes  of  equipment  is  SAE 
90W  nondetergent  oil.  Regardless  of  tlie  type  of  oil  used  or 
where  it  is  used,  it  requires  changing  f)eriodically  and  must 
be  changed  according  to  manufacturer's  recommendations. 

General-purpose  grease  is  normally  used  for  lubricating 
shaft  beaungs  and  other  movable  parts  that  are  provided 
with  unsealed  grease  fittings.  These  items  must  be  maintained 
with  the  proper  amount  and  type  of  grease.  Grease  these  fittings 
just  to  the  point  before  the  grease  begins  to  ooze.  Sealed  grease 
fittings  require  less  frequent  lubrication.  You  must  never  over- 
lubricate  these  fittings,  because  this  will  cause  the  seal  to 
break  and  damage  the  bearings. 

Water.  Not  many  items  of  dispersal  equipment  are 
equipped  with  radiators,  but  if  they  are,  make  sure  the  proper 
water  level  is  maintained  at  all  times.  If  the  water  level  in  the 
radiator  is  very  low,  it  will  cause  the  equipment  to  overheat 
and  damage  the  engine. 

Unsealed  batteries  on  equipment  must  be  filled  to  the 
prof)er  level  with  water  and  maintained  at  this  level  at  all 
times.  Use  distilled  water  when  possible. 

Air.  Some  hydraulic  sprayers  (those  with  pressure  domes) 
and  the  compressed-air  duster  require  precharging  before 
operation. 

Vehicle  tires  must  be  inflated  and  maintained  with  the 
proper  air  pressure  to  prevent  uneven  wear  and  blowouts. 

NOTE:  Use  extreme  caution  at  all  times  when  servicing 
equipment  with  £iir,  and  always  service  equipment  according 
to  the  information  provided  in  the  appropriate  publication. 


Exercises  (448): 

Identify  the  statements  below  as  true  (T)  or  false  (F).  Make 
corrections  to  any  false  statements. 

  1.     Improper  servicing  may  cause  equipment  not 

to  operate. 


2 .     If  not  properly  serviced ,  the  equipment  will  not 
operate. 


3.     The  type  of  fuel  used  in  equipment  is  not 
important  as  long  as  it  runs. 


4.     Overfilling  tanks  is  hazardous. 


5.     The  type  of  lubricant  used  depends  on  the 
equipment. 
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6.     The  type  of  oil  used  in  gearboxes  is  SAE  30W 
detergent. 


7 .     When  greasing  equipment,  apply  the  grease  until 
it  begins  to  ooze. 


8.     Water  is  not  required  in  dispersal  equipment 
engines. 


9.     Service  batteries  with  distilled  water  when 
possible. 


10.     Vehicle  tires  are  the  only  components  requiring 
air  on  dispersal  equipment* 


449.  Pbint  out  reasons  and  requirements  for  making 
adjustments  to  equipment  components? 

Adjusting  equipment.  Many  items  of  powered  dispersal 
equipment,  especially  the  items  of  equipment  that  are 
nonportable,  have  several  components  that  require  periodic 
adjusting.  Proper  adjustments  must  be  made  in  order  for  the 
equipment  to  operate  effectively  and  safely.  All  adjustments 
must  be  made  in  the  manner  specified  by  the  appropriate 
equipment  operation  publication. 

Spark  plugs.  Most  manufacturer's  operation  manuals 
specify  the  frequency  for  inspecting,  cleaning,  and  replacing 
spark  plugs.  However,  you  can  inspect  plug^  more  frequently 
for  proper  gap  settings.  Before  installing  new  spark  plugs 
into  equipment,  adjust  the  spark  gap  by  gently  spreading  or 
squeezing  the  ground  electrode  away  from  the  center  electrode 
or  toward  the  center  electrode,  as  directed  by  the  manufecturer' s 
specifications. 

NOTE:  When  removing  or  installing  spark  plugs,  use  a 
spark  plug  socket  wrench  and  apply  straight  and  even 
pressure  on  the  wrench  as  you  turn  it  to  avoid  breaking  the 
porcelain  that  surrounds  the  plug.  Tighten  the  plug  snugly 
into  the  block  but  don't  overtighten  it. 

Points.  Points  must  be  adjusted  according  to  the  equipment 
manufacturer's  specifications.  Points  require  periodic  inspec- 
tions to  detennine  their  condition.  Burned  point  contacts  can 
and  most  ofttn  will  cause  the  engine  to  run  very  rough,  or 
may  keep  it  fit  m  running  at  all.  Points  that  are  being  installed 
must  be  adjusted  after  they  have  been  placed  inside  the 
distributor  by  using  a  point  gauge  and  a  screwdriver.  Make 
sure  the  ignition  switch  is  off  or  the  battery  is  disconnected 
before  you  begin  working  with  points. 
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Carburetor.  Many  items  of  p>owered  dispersal  equipment 
come  with  a  preset  governor  to  control  the  engine  rpm.  The 
governor  should  never  be  tampered  with;  however,  idle 
screws  and  fuel/air-mixture  screws  on  the  carburetor  do 
require  minor  adjustments  from  time  to  time.  These 
adjustments  must  be  in  accordance  with  the  manufacturer's 
recommendations  and  can  be  done  with  a  small  screwdriver 
or  open-end  wrench. 

Control  valves.  Control  valves  require  frequent  adjustments 
that  are  determined  by  the  amount  of  flow  desired  or  engine 
rpm  you  want. 

Drive  pulleys.  Pulleys  must  be  properly  aligned  cn  pulley 
shafts  to  prevent  excessive  wear  to  drive  belts  and  pulley  shafts. 
Extreme  vibrations  and  poor  pump  operation  in  equipment 
can  also  be  caused  by  improperly  aligned  pulleys.  Pulleys 
must  be  adjusted  to  the  proper  distance  between  pulleys  to 
provide  proper  tension  on  drive  belts.  As  a  general  rule, 
allow  Va  inch  of  sag  for  each  foot  of  distance  between  pulley 
centers  when  you  apply  thumb  pressure  to  the  belt. 

Exercises  (449): 

1.    Why  are  proper  equipment  adjustments  necessary? 


2.    What  actions  should  you  periodically  take  regarding 
spark  plugs?  How  often? 


3.    Why  must  points  be  periodically  inspected,  adjusted  or 
replaced? 


4.    What  setting  on  a  carburetor  can  you  adjust?  Not 
adjust? 


5.    For  what  reasons  are  control  valves  adjusted'' 


6.    What  impact  may  improperly  aligned  pulleys  have  on  an 
equipment  item? 


7.    What  rule  should  you  follow  to  obtain  proper  pulley 
adjustment? 


450.  Indicate  whether  given  statements  correctly  reflect 
policies  and  procedures  in  repairing  pesticide  dispersal 
equipment. 

Repairing  Equipment.  Repairing  pesticide  dispersal 
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equipment  can  be  a  very  challenging  and  interesting  task, 
especially  if  you  happen  to  be  mechanically  inclined.  There 
are  many  repairs  that  are  simple  to  do,  but  others  may  be 
more  difficult;  for  example,  replacing  a  plunger  cup  un  a 
compressed-air  sprayer  is  a  very  simple  repair  task,  but 
freeing  a  sticking  valve  in  an  engine  can  be  very  difficult. 

Most  repairs  are  done  by  either  replacing  parts  of  a 
component  or  replacing  the  entire  component.  Naturally,  it  is 
less  expend  to  replace  parts  than  to  replace  the  component; 
therefon  you  should  repair  equipment  by  replacing  parts 
rather  than  the  entire  component  when  possible. 

An  adequate  supply  of  parts  and  compK/nents  that  require 
frequent  replacement  should  be  maintained  within  the  section 
at  all  times  to  speed  up  repairs  to  equipment.  Most 
manufacturers  of  equipment  provide  a  complete  parts  list  in 
the  equipment  operations  manual  for  that  item  of  equipment 
to  assist  you  in  ordering  replacement  items.  The  i  lanufacturer 
is  the  best  source  for  obtaining  parts  and  information  pertaining 
to  the  equipment.  In  many  cases,  the  manufacturer  is  the  only 
source  for  obtaining  certain  parts  for  the  equipment. 

Control  valves,  pumps,  and  spray  guns  are  equipment 
components  that  normally  require  frequent  repairs. 
Generally,  repairing  these  components  requires  replacing 
certain  parts  such  as  valve  seats,  O-rings,  packing,  gaskets, 
springs,  gears,  bearings,  and  pistons. 

Inoperative  or  damaged  indicator  gauges,  shaft  bearings, 
hoses,  and  drive  belts  arc  components  that  should  always  be 
replaced  instead  of  repaired.  When  pump  and  control  valve 
housings  are  cracked,  replacement  of  these  components  is 
normally  required. 

Replacing  parts  in  a  carburetor  can  be  very  tedious  and 
should  not  be  attempted  by  an  unskilled  individual  or  without 
specific  instructions.  Repairing  carburetors  requires  exactness. 

Exercises  (450): 

Identify  the  foUov/ing  statements  as  true  (T)  or  false  (F)  and 
correct  any  false  statements. 

  1.     Most  repairs  are  done  by  replacing  parts  or 

complete  components. 


2,     Equipment   repairs   arc   done   by  replacing 
components  when  possible. 


3.     A  parts  supply  is  not  maintained  within  the 
section. 


4.     The  manufacturer's  manual  usually  contains  a 
parts  list. 


5.     Control  valves,  pumps,  and  spray  guns  do  not 
usually  require  frequent  repairs. 


6.     Replacing  carburetor  parts  requires  a  skilled 
technician. 


3-4.  Calibrating  Equipment 

The  final  step  in  preparing  your  equipment  for  effective 
and  safe  application  of  pesticides  is  calibrating  the 
equipment. 

You  can  select  the  right  equipment  for  the  job,  have  it  in 
proper  operating  condition,  adhere  to  safety  precautions,  and 
operate  the  equipment  properly,  and  still  not  be  able  to  do  the 
job  effectively  and  safely  without  calibrating  it. 

Calibration  is  simply  adjusting  your  equipment  to  apply 
the  desired  rate  of  pesticide.  You  need  to  do  this  so  that  you 
can  be  sure  you  arc  using  each  pesticide  as  directed  on  the 
label.  Tbo  much  pesticide  is  dangerous;  too  little  will  not  do 
a  good  job.  Only  by  calibrating  correctly  can  you  safely  get 
the  best  results. 

After  you  have  completed  this  section,  you  will  understand 
the  procedures  used  for  calibrating  equipment,  which  is  a 
must  for  pest  managers. 

451.  Specify  procedures  used  for  calibrating  pesticide 
dispersal  equipment. 

There  are  many  ways  to  calibrate  equipment.  The 
preferred  methods  differ  according  to  the  type  of  equipment 
that  is  to  be  used. 

Calibrating  Sprayers.  To  apply  a  pesticide  evenly  and 
accurately,  your  sprayer  must  move  at  a  constant  speed.  It 
must  also  operate  at  a  constant  pressure.  Each  nozzle  must  be 
clean,  at  the  right  height  and  of  the  correct  type  and  size  for 
the  job.  All  nozzles  in  the  system  must  deliver  its  rated 
amount  of  pesticide. 

First,  choose  the  speed,  pumping  pressure,  and  nozzle  or 
nozzles  that  you  want  to  use.  Fill  the  spray  tank  with  water 
and  operate  the  sprayer  in  place  to  fill  the  plumbing.  Tbp  off 
the  tank  and  spray  a  measured  area  as  if  you  were  applying  the 
pesticide.  Measure  the  amount  of  water  needed  to  refill  your 
tank.  This  is  the  application  rate  per  unit  of  area.  If  it  takes  8 
gallons  to  refill  the  tank  after  spraying  1  acre,  you  arc  spraying 
at  the  rate  of  8  gallons  per  acre.  If  your  sprayer  has  a  tank  of 
more  than  100  gallons  capacity,  you  should  spray  an  area 
lai^ge  enough  to  use  at  least  10  percent  of  the  tank  capacity. 

If  your  sprayer  is  delivering  more  or  less  spray  than  the 
label  directs,  you  can  change  the  rate  three  ways: 

(1)  You  can  change  the  pressure.  Lower  pressure  means 
less  s^ray  delivered;  higher  pressure  means  more  spray 
delivered.  This  is  NOT  a  good  method,  however,  because  a 
pressure  change  may  change  the  nozzle  pattern  and  droplet 
size.  Pressure  must  be  increased  four  times  to  double  the 
output. 

(2)  You  can  change  the  speed  of  your  sprayer.  Slower 
speed  means  more  spray  delivered;  faster  speed  means  less 
spray  delivered,  lliis  method  is  practical  for  small  changes 
in  delivery  rate.  If  you  drive  half  as  fast,  you  double  the 
delivery  rate. 

(3)  You  can  change  the  nozzle  tips  to  change  the  amount 
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delivered.  The  larger  the  hole  in  the  tip,  the  more  spray 
delivered.  This  is  the  best  method  ot  making  major  changes 
in  the  delivery  rate  of  sprayers.  Always  select  nozzles  for  the 
job  you  want  done.  Use  the  manufacturer's  performance 
charts  to  make  your  selection. 

After  making  a  change,  recalibrate  your  sprayer  to  make 
sure  tlie  rate  is  correct. 

You  have  adjusted  your  sprayers,  and  you  know  how 
many  gallons  of  spray  per  unit  of  area  your  equipment  will 
apply.  Next,  you  must  find  out  how  much  pesticide  to  put  in 
the  tank  to  apply  the  correct  dosage  of  pesticide.  Tb  do  this 
you  need  to  know  two  more  facts: 

(1)  How  much  your  sprayer  tank  holds. 

(2)  The  amount  of  formulation  to  be  used  per  unit  of  area. 
This  will  be  given  on  the  label. 

Suppose  your  tank  holds  50  gallons  of  spray.  The 
directions  say  to  apply  1  pint  of  formulation  on  each  acre.  In 
our  example,  you  found  that  your  sprayer  applies  8  gallons 
per  acre.  First,  fmd  the  number  of  acres  one  tank  load  will 
spray.  Divide  50  gallons  by  8. 

50  gallons  per  tankful      , . ,  ,  ^  . 

— - —   =  6  U  acres  per  tankful 

8  gallons  per  acre 

To  find  the  amount  of  formulation,  you  must  add  to  your 
tank  so  you  can  spray  614  acres  with  1  pint  per  acre,  and 
multiply  1  pint  by  6 14 . 

1  pint  per  acre  x  6%  acres  per  tankful  =614  pints  per  tankful. 

Suppose  the  formulation  of  a  pesticide  is  a  50-percent 
wettable  powder  and  you  want  to  apply  pound  of  active 
ingredient  per  acre.  In  our  example,  your  tank  will  cover  6 14 
acres. 

Find  how  many  pounds  of  formulation  are  needed  to  apply 
pound  of  active  ingredient  per  acre.  There  is     pound  of 
active  ingredient  in  1  pound  of  50-percent  wettable  powder 
formulation.  So  you  need  to  use  1  pound  of  formulation  for 
each  acre  your  sprayer  will  cover. 

1  pound  per  acre  x  6 14  acres  per  tankful  =  6  </4  pounds  per  tankful. 

You  should  add  the  614  pounds  of  wettable  powder  to  a 
small  amount  of  water  in  a  clean  bucket.  Stir  until  it  is  mixed 
well,  and  then  add  this  mixture  (called  a  slurry)  to  the  partly 
filled  tank.  Remember  to  operate  the  sprayer's  agitator  while 
adding  the  slurry  and  filling  the  tank. 

Even  after  your  sprayer  is  calibrated,  recheck  it  often.  Be 
sure  you  are  spraying  the  same  size  area  for  each  tankful  you 
figured  on.  If  you  are  spraying  more  or  less  acres  than  you 
planned,  stop  spraying  and  recalibrate.  If  you  have  figured 
wrong  or  your  sprayer  changes  its  delivery  rate,  you  will  be 
able  to  catch  it  before  you  make  a  major  mistake. 

Calibrating  Dusters  and  Granular  Applicators.  These 
items  of  equipment  are  calibrated  as  follows: 

a.  Read  the  manufacturer's  operator's  manual.  Follow 
these  instructions  to  set  the  gate  openings  for  the  product  you 
are  going  to  use. 

CAUTION:  Always  set  the  openings  from  the  same 


direction,  such  as  from  closed  to  open.  This  will  minimize 
variations  in  settings. 

b.  Fill  each  hopper  to  an  easily  determined  level, 
typically  25  percent  of  capacity. 

c.  Operate  the  equipment  over  a  measured  area  or 
distance  at  your  normal  working  speed.  The  area  should  be 
large  enough  to  use  most  of  the  hopper  contents. 

d.  Refill  the  hopper  to  the  same  level,  weighing  the 
amount  of  pesticide  needed  to  replace  what  was  used. 

€.  The  amount  of  pesticide  it  takes  to  refill  the  hopper  is 
the  ainount  applied  to  the  measured  area.  If  the  amount  applied 
does  not  fall  within  5  percent  of  the  recommended  dosage 
per  unit  of  area,  reset  the  gate  opening  and  repeat  the  previous 
three  steps. 

/.  Keep  a  record  of  the  area  treated  with  each  filling  of  the 
hopper.  This  will  let  you  see  any  slight  change  in  rate  of 
application  and  make  the  necessary  adjustments. 

Calibrating  UIV  dispensers.  In  this  method,  allow  the 
machine  to  run  until  the  air  pressure  in  the  insecticide  tank 
builds  up  to  normal.  Then  shut  off  the  engine  and  retain  air 
pressure  in  the  insecticide  tank.  With  the  adjustable 
insecticide  discharge  nozzle  set  in  a  horizontal  position,  the 
insecticide  flow  from  the  nozzle  can  be  directed  into  and 
contained  in  the  beaker  or  measuring  container  because  it 
emerges  in  the  form  of  a  gentle,  solid  stream.  Since  the 
engine  is  stopped  and  no  air  is  being  pumped  through  the 
noz'Je,  the  fluid  output  from  the  nozzle  is  not  aerosolized  and 
of  course  there  is  also  no  air  blast  to  interfere.  The  solenoid 
valve  ftmctions  to  turn  the  insecticide  flow  on  and  off,  just  as 
in  normal  operation.  The  engine  on-off  switch  must  be  in  the 
ON  position.  The  flow  rate  can  be  adjusted  by  the  flowmeter 
control  valve  and  monitored  by  the  flowmeter  reading,  just  as 
in  normal  operation. 

Be  sure  to  return  engine  switch  to  "OFF"  position,  after 
using  this  procedures. 


Exercises  (451): 

1,    What  is  required  to  apply  a  pesticide  evenly  and 
accurately? 


2.  If  your  sprayer  has  a  tank  capacity  of  100  gallons  or 
more,  you  should  spray  an  a^a  large  enough  to  use  how 
much  of  the  tank  capacity? 


3.  What  is  the  best  method  of  changing  the  delivery  rate? 

4.  What  percentage  of  a  hopper  capacity  should  you  fill 
when  calibrating  a  duster  or  granular  spreader? 
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5.    In  calibrating  a  ULV  generator,  how  long  do  you  run  the      6.    How  is  the  flow  rate  adjusted  and  monitored  on  the  ULV 
engine?  generator? 
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Answers  for  Exercises 


References: 
400-  1. 

400-2. 
400-3. 

400-4. 

400-5. 
400-6. 
400-7. 


401  -  1. 
401  -2. 

401  -3. 
401  -4. 

401  -5. 


401-  6. 

402-  1. 
402-2. 

402-  3. 

403-  1. 

403-2. 

403-  3. 

404-  1. 
404-2. 


CHAPTIIR  1 


The  study  of  the  relationship  between  living  things  and  their 
environment. 

The  thin  layer  of  the  atmosphere  where  life  exists. 

Abiotic  elements  are  required  for  the  growth  and  development 

of  the  biotic  elements. 

Green  plants  transpose  carbon  dioxide  into  oxygen,  which  is 
needeJ  by  animals.  Then  the  animals  ex.>el  carbon  dioxide, 
which  plants  need  for  photosynthesis. 

Green  plants.  Because  only  they  can  make  food  from  sunlight 
and  inorganic  matter. 

Minute  green  plants  and  consumers  of  green  plant  matter.  They 
produce  70  percent  of  the  Earth's  oxygen. 
These  act  as  decomposers  of  dead  plants  and  animals.  They 
return  essential  organic  matter  to  the  soil,  supporting  more 
plant,  and  thus,  animal,  growth. 

In  food  production  and  property  protection. 

Reduces  insect-related  diseases  and  populations  of  venomous 

pests. 

The  effect  they  may  have  on  nontarget  organisms. 

If  we  used  pesticides  consistently  without  regard  for  their 

hazards. 

Soil  contamination  can  result  when  the  rain  cleanses  the 
atmosphere,  trees,  shrubs,  grasses,  and  structures  of  chemical 
particles. 

The  process  of  a  chemical  compound  being  transformed  into 
one  more  toxic  than  the  original  substance. 

The  ability  of  a  pest  population  tc  withstand  pesticide 
treatments  that  were  generally  lethal  to  earlier  populations. 
Physiological  resistance  is  the  ability  ^f  an  organism  to 
physically  negate  the  effects  of  the  pesticide.  Behavioristic 
resistance  refers  to  their  ability  to  move  to  a  new  habitat  or  to 
avoid  contact  with  pesticides. 

a.  Poison  is  absorbed  too  slowly  by  some  pests  for  them  to 
receive  a  lethal  dose. 

b.  The  ability  of  some  pests  to  transfer  body  system  func- 
tions from  damaged  body  systems  to  undamaged  ones. 

The  ability  of  one  or  more  pests  within  a  population  to 
withstand  pesticide  treatments  that  are  lethal  to  other  pests 
within  the  population. 

The  main  difference  is  that  pesticide  resistance  can  be 
inherited,  while  tolerance  is  acquired. 

a.  Use  IPM  to  the  fullest  possible  extent. 

b.  Insure  proper  sanitation. 

c.  Use  pesticides  in  accordance  with  label  i  ^tructions. 

d.  Place  pesticides  in  locations  where  pests  will  be  foiced 
into  contact  with  them. 


404-3. 

404  -  4. 
404-5. 
404-6. 


404-7. 


404-8. 


405-1. 
405-2. 
405-3. 
405-4. 
405-5. 
405-6. 

405-  7. 

406-  1. 
406-2. 
406-3. 
406-4. 

406-  5. 

407-  1. 

407-2. 
407-3. 


b. 

c. 


Carefully  determine  pest  management  program  require- 
ments. 

Implement  nonchemical  control  when  possible. 
Use  chemical  controls  as  a  last  resort. 


408-1. 
408-2. 

408-3. 

408-4. 

408-5. 


Survey  the  concerned  area. 


Only  after  you  have  determined  that  natural  contro  s  aren't 
adequate . 

Nonchemical  controls. 
Yes. 

Because  they  are  designed  to  forestall  buildups  of  pest 
populations,  and  they  are  almost  always  more  effective  and 
economical  in  the  long  run. 

Because  mechanical  and  other  nonchemical  controls  may  be 
inadequate,  or  because  of  natural  disasters  and  migrating  pest 
populations. 

By  mixing  and  applying  pesticides  in  accordance  with  the 
pesticide  label. 


CHAPTER  2 

Herbicide. 
Ovicide. 
Contact  poison. 
Rodcnticide. 

Adulticide,  insecticide,  contact. 
Preemergence  herbicide. 
Stomach. 

The  likelihood  that  a  compound  will  cause  death  or  injury  in  a 
given  situation. 

The  ability  of  compound  to  cause  death  or  injury  when  used  in  a 
particular  way. 

It's  the  lethal  dose  of  a  toxicant  necessary  to  kill  50  percent  of 
the  test  animals. 

Milligrams  toxicant  necessary  to  kill  1  kilogram  of  body 
weight. 

The  exposure  routes.  Oral  exposure. 

They  are  derived  from  phosphoric  acid,  and  ti..^  work  as 
cholinesterase  inhibitors. 

They  are  biodegradable  and  don't  accumulate  in  human  tissue. 

(1)  f. 

(2)  g. 

(3)  c. 

(4)  a. 

(5)  i. 

(6)  e. 

(7)  h. 

(8)  b. 

(9)  d. 

Because  they  break  down  rapidly  within  the  environment. 
They  inhibit  production  of  the  enzyme  cholinesterase  and 
attack  the  nervous  system. 

The  acute  oral  toxicity  is  high,  but  the  acute  d<»rmal  toxicity  is 
low. 

Wear  protective  clothing  and  equipment,  and  don't  smoke,  eat, 
or  drink  when  handling  carbamates. 

(1)  b. 

(2)  a. 

(3)  c. 
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409-  1. 
409-2. 
409-3. 
409  -  4. 


409-5. 
409  -  6. 

409-  7. 

410-  1. 


411-  1. 


412-1, 
412-2. 

412-3, 


413-1, 
413-2, 
413-3. 


413-4. 
413-5. 

413-  6. 

414-  1. 
414-2. 
414-3. 


414-4, 


415-1. 


(4)  a. 

(5)  c. 

(6)  b. 

Because  they  are  very  persistent  in  the  environment. 

Only  under  buildings  for  termite  treatment. 

It  acts  as  a  stomach  and  contact  poison,  and  as  a  fumigant. 

Always  wear  gloves  to  handle  it»  avoid  contamination  of  food 

and  water  sources,  and  no  smoking,  eating,  or  di'mking  when 

handling  it. 

As  a  bait  for  cockroach  and  ant  control. 

lb  protect  wood  from  attack  by  termites,  fungi,  and  lyctus 

beetles. 

As  an  oil  solution  or  a  creamy  emulsion  paste . 


(1) 

b. 

(2) 

f. 

(3) 

a. 

(4) 

e. 

(5) 

c. 

(6) 

d. 

(1) 

d. 

(2) 

a. 

(3) 

b. 

(4) 

g- 

(5) 

f. 

(6) 

c. 

(7) 

e. 

416-  1. 
416-2, 
416-3. 
416-4. 


They  reduce  the  blood's  ability  to  clot,  n-^^nlting  in  internal 
bleeding  and  eventual  death. 

Their  low  effective  concentrations  aim  late  the  hazard 

of  acute  toxicity  to  people  and  great.,  c*.  jce  hazards  to 
domestic  animals. 

(1)  b. 

(2)  c. 

(3)  a. 

(4)  d. 

Because  it*s  highly  toxic  and  slowly  releases  phosphine  gas. 
One  percent. 

You  must  take  every  precaution  to  avoid  food  and  water 

contamination,  and  to  prevent  children  and  animals  from 

coming  in  contact  with  it. 

As  a  premixed  bait  and  tracking  powder. 

They  act  as  single-dose  anticoagulants  instead  of  multiple-dose, 

and  they  control  resistant  rodents. 

Remove  and  bury  rodent  bodies  and  uneaten  bait. 

For  gassing  rodent  burrows  outdoors. 

It  kills  both  the  rodent  and  disease- vectoring  fleas  and  mites. 

a.  Never  use  it  near  a  building  occupied  by  people . 

b.  Only  allow  well-trained  people  to  use  it. 

c.  Stand  upwind  when  you  use  it. 

d.  Use  appropriate  gas  masks  and  canisters. 

a.  When  burrows  arc  within  1 5  feet  of  a  building. 

b.  If  burrows  possibly  open  into  or  under  a  building. 

c.  When  restrictions  apply  regarding  endangered  species. 

d .  When  special  local  restrictions  apply. 

(1)  b. 

(2)  c. 

(3)  c. 

(4)  a. 

(5)  b. 

(6)  a. 

nam;  animal;  mineral. 

Organic. 

Bostemergence. 

Insure  that  these,  compounds  don't  contaminate  any  water 
source  during  or  after  applicatio 


417-  1, 
417-2, 


417-3. 
417-4. 
417-5, 


418-  1, 
418-2. 

418-3, 
418-4. 


418-5, 


419-  1. 
419-2. 
419-3. 

419-  4. 

420-  1. 
420-2. 

420-3. 

420-  4. 

421  -  1. 

421-  2. 

421-  3. 

422  -  1 , 

422-  2. 

422-3. 
422-4. 
422-5. 


422  -  6. 

423  -  1 . 


424-  1. 


They  are  moderately  toxic  herbicides, 

a.  They  won*t  likely  irritate  skin  or  eyes. 

b.  They  aren*t  readily  absorbed  through  the  skin. 

c.  Amounts  likely  to  be  inhaled  aren't  hazardous. 

d.  Ingestion  of  harmful  amounts  isn't  likely. 
Tb  control  herbaceous  broadleaf  weeds. 

On  warm,  sunny  days  when  photosynthesis  is  active. 
Depending  on  the  weeds  being  controlled,  it  may  be  more  or 
less  effective  than  2,4-D. 

As  soil  sterilants. 

They  are  only  slightly  soluble  in  water,  have  a  low  volatility, 

are  noncorrosive  and  nonflammable. 

As  water-dispersiblc  powders  and  granular  products. 

They  don't  move  far  laterally,  but  may  be  washed  down  slopes 

to  kill  vegetation  below,  and  fhey  leach  deeply  to  affect 

vegetation  with  deep  roots. 

(1)  d. 

(2)  b, 

(3)  c. 

(4)  a. 

Soil  sterilants. 
Simazine. 
/\trazine. 
Simazine. 

DNAP,  DNBP  and  DNC;  they  are  yellow  dyes  and  are  not 
soluble  in  water,  but  are  in  oil. 

They  are  highly  poisonous  if  swallowed,  absorbed  through  the 
skin  or  inhaled. 

As  nonselective,  contact  herbicides. 
Herbaceous. 

They  are  translocated  and  kill  through  both  root  and  foliage 

absorption. 

Dicamba. 

Wear  protective  equipment  and  clothing. 
Sodium  salt. 

As  selective  translocative,  preemeigence,  and  pustemergence 

herbicides. 

TCA. 

Grasses. 

a.  Don't  apply  •  lear  desired  vegetation. 

b.  Don't  apply  near  irrigation  water. 

c.  Don't  apply  when  heavy  rains  are  expected. 
Washed,  corrosive. 

(1)  a. 

(2)  d. 

(3)  f, 

(4)  c. 

(5)  b. 
(6>  e. 


(1) 
(2) 


(3) 


(4) 


(5) 


(6) 


See  exercise  No.  1  in  text. 

a.  Chlorinated  hydrocarbon. 

b.  Snow  mold  and  pythium  blight. 

c.  Slightly  toxic. 

a.  Carbamate. 

b.  Leaf  spot,  rust,  and  brown  patch. 

c.  Slightly  toxic. 

a.  Systemic  fungicide. 

b.  Dutch  elm  disease,  sycamore  anthracnose. 

c.  Slightly  toxic. 

a.  Systemic  fungicide. 

b.  Use  to  control  diseases  on  flowers,  turf,  tree,  and  other 
foliage. 

c.  Moderately  toxic. 

a.  Fungicide,  seed  protectant,  animal  repellent. 

b.  Any  three  of  the  following:  damping  off,  seedling 
blights,  brown  patch,  dollar  spot,  and  snow  mold. 

c.  Slightly  toxic. 
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425-  I. 


426  -  I . 


427-  I. 


427  -  2. 


(I) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 
(9) 

(10)  i 


(1)  c. 

(2)  i. 

(3)  d. 

(4)  h. 

8- 
f. 
b. 
c. 
a. 


d   Protects  <;hnjbs  nnd  omamrntals  from  nibbit  and  dccr 

432  -  1 . 

(I) 

c. 

dfinrrvlAtinn 

(2) 

a. 

(3) 

b. 

Cm 

(4) 

a. 

dim 

(5) 

d. 

d. 

(6) 

b. 

(7) 

d. 

h. 

(8) 

c. 

c. 

8- 

433-  1. 

(I) 

c. 

b. 

(2) 

d. 

h. 

(3) 

a. 

i. 

(4) 

h. 

(5) 
(6) 
(7) 
(8) 
(9) 


434  -  1 . 
434-2. 
434-3. 
434-4. 
434-5. 
434  -  6. 
434-7. 

434  -  8. 

435  -  I . 


Step  1 :    1  gallon  per  5  acres. 
Step  2:    20  acres. 

Step  3:    20  •^  5  =  4  ''groups  of  5  acres. '* 

Step  4:   4x1=4  gallons  of  concentrate. 

Step  1:    1  quart  per  acre. 

Step  2:    First  convert  miles  to  feet: 

2.5  X  5,280  =  13,200  feet 

Step  2:    Second,  find  total  square  feet: 

13,200  (length)  X  2  (width)  =  26,400  square  feet 

Step  3:    Convert  square  feet  to  acres: 

26,400  X  23  =  607,200.0 

Move  decimal  place  6  places  to  get  .607200,  and  round  off 
to  .6  acre. 

Step  4:  I  quart  X  .6  acre  =  .6  quart.  Since  there  arc  32  ounces 
in  a  quart,  multiply  .6  X  32  to  get  19.2  fluid  ounces  concentrate. 


CHAPTER  3 

428  -  1 .        Because  different  pests  require  different  controls  and  therefore 


436  -  1 . 


436-2. 


require  different  types  of  equipment. 

437-  1. 

428-2. 

Effective. 

428-3. 

Available;  effectively;  safely. 

437  -  2. 

428-4. 

Safe. 

428-5. 

Cost;  inexpensive. 

428-6. 

Durable. 

437-3. 

429-1. 

(1) 

b. 

437-4. 

(2) 

e. 

437-5. 

(3) 

a. 

437-6. 

(4) 

d. 

(5) 

c. 

429-2. 

100. 

429-3. 

Size. 

429-4. 

Increase. 

437-7. 

430-  1. 

(1) 

b. 

437-8. 

(2) 

c. 

(3) 

a. 

437-9. 

(4) 

b. 

431  -  1. 

(1) 

e. 

(2) 

a. 

437  -  10. 

(3) 

h. 

(4) 

b. 

437  -  1 1 . 

(5) 

g- 

(6) 

f. 

(7) 

d. 

(8) 

c. 

Polyethylene. 
Masking  tape. 
Sand  snakes. 
Fans. 

Aluminum  trays. 
Metering. 

In  moisture-permeable  envelopes. 
Respiratory. 

(1)  f,g. 

(2)  h. 


(3) 
(4) 
(5) 


b. 
d. 


(6)  a. 

(7)  e. 

(8)  c. 

(9)  i. 


a.  Type  of  pump. 

b.  Pesticide  formulation. 

c.  Pressures. 

d.  Corrosion,  abrasion. 

e.  Dry,  restricted. 

(1)  b. 

(2)  a. 

(3)  b,  c. 

(4)  a. 

(5)  b,  c. 

a.  Bypass. 

b.  Mechanical. 

In  the  line  between  the  pump  and  dischaiige  valve.  It  serves  to 
prevent  wear  on  other  sprayer  parts  and  to  provide  for  bypass 
agitation. 

a.  Durable,  long  lasting,  and  they  don't  rust. 

b.  Heavy  to  use  and  expensive. 

They  are  light  in  weight  and  comparatively  low  in  cost. 
Prevent  pump  damage  and  prevent  clogged  nozzles. 

a.  lb  prevent  putting  too  much  pressure  into  the  tank  and  to 
help  you  set  the  pressure  regulator  or  power  unloader 
properly. 

b.  lb  help  maintain  the  proper  spray  pressure  so  the  nozzle 
performs  properly. 

lb  obtain  uniform  distribution  and  particle  size  of  pesticide 
whether  the  material  is  placed  on  a  surface  or  in  the  air. 
Fan,  pin  stream,  solid  cone,  hollow  cone,  flooding,  and 
broadcast. 

a.  Pin  stream. 

b.  Broadcast. 

c.  Flooding. 

d.  Flat  fan. 

A  quick-acfing  valve,  lb  prevent  leakage  and  to  give  optimum 
control  over  where  a  pesticide  is  applied. 

a.  Should  be  long  enough  for  your  intended  purpose. 

b.  Should  be  of  sufficient  diameter  to  carry  cn  adequate 
chemi  jal  flow. 

c .  Should  be  made  of  materials  that  won't  be  deteriorated  by 
the  chemical  you  use. 
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d.     Should  have  a  burst  strength  greater  than  the  peak- 
operating  pressure  of  the  sprayer. 

438-  1.       (1)  c. 

(2)  b. 

(3)  d. 

(4)  a. 

439  -  1 .       lb  determine  if  the  equipment  is  operational . 
439  -  2 .        Before  each  use . 

439  -  3.        That  the  equipment  can  be  operated  correctly  and  safely. 

439  -  4.        lb  reflect  a  true  professional  pest  manager. 

440-1.  40Psi. 

440-  2.       lb  prevent  damage  to  the  sprayer  and  possible  injury  to 

yourself. 

440  -  3.        The  pump  gasket,  check  valve,  piston  cup,  and  hose. 
440  -  4.        Make  sure  ifs  properly  charged  and  the  nozzle  is  clear. 

440  -  5.        a.     TUm  on  the  cylinder  valve. 

b.  Purge  air  from  the  hose. 

c.  Place  the  ULV  jet  or  injection  gun  in  water  and  watch  for 
bubbles. 

441  -  1 .       lb  help  treat  overhead  beams  and  rafters. 

44 1  -  2.        Check  the  rubber  cylinder  for  cracking  and  splitting. 

441-  3.        Insure  the  bulb  is  not  cracked  and  tlie  nozzle  is  fitted  tightly  and 

is  not  clogged. 
44 1  -  4.        Siphon  atomizer  pump  assembly. 

441-5.        Keep  the  wind  to  your  back  and  let  the  dust  blow  downwind 
from  you. 

441-6.        Fumigating  rodent  burrows. 

441-  7.        Check  for  obstacles  that  would  prevent  the  rotating  plate  from 

turning,  check  the  crank  handle  for  service  attachment,  and 
inspect  the  grease  fitting  for  dryness  or  exessive  grease. 

442-  1.         (1)  b. 

(2)  e. 

(3)  c. 

(4)  a. 

(5)  e. 

(6)  d. 

(7)  b. 

(8)  d. 

(9)  a. 
(10)  c. 

443-  1.  Boom. 
443-2.  Spray,  mist. 

443  -  3.  Tlie  battery  water  level,  terminals,  and  cables. 

443-4.  Leaks. 

443-  5.  Water,  talc. 

443  -  6.  Jewelry,  form-fitting. 

444  -  1 .  20  to  800  psi  and  are  controlled  by  regulators. 
444  -  2.  50  to  600  gallons. 

444  -  3.  By  a  rotating  agitator. 

444-  4.  One,  ten. 

444  -  5 .  Operator's  n.anual. 

444  -  6 .  Maximum . 

445  -  1 .  On  a  small,  half-ton  pickup  truck. 

445-  2.  Five  to  27  microns. 
445  -  3.  About  12  microns. 
445-4.  Let  the  engine  warm  up. 
445-5.  12  to  17  psi. 

445-6.        a.      Leaking  couplings. 


446-1. 
446-2. 

446-  3. 

447-  1. 

447-2. 

447-3. 
447  -  4. 
447-5. 
447  -  6. 
447-7. 
447-8. 
447-9. 

447-  10. 

448-  1. 
448-2. 
448-3. 

448-4. 
448-5. 
448-6. 

448-7. 
448-8. 

448-9. 

448-  10. 

449-  1. 
449-2. 

449-3. 

449-4. 

449-5. 
449  -  6. 

449-7. 


450-  1. 
450-2. 
450-3. 
450  -  4. 

450-  5. 

450  -  6. 

451  -  1. 

451-  2. 
451-3. 
451  -4. 
451-5. 

451  -6. 


b.  Fitting  and  hose  leaks. 

c.  Improper  drive  belt  tension. 

Maintenance  performed  by  personnel  within  the  squadron, 
including  operator  maintenance. 

Cleaning,  servicing,  adjusting,  repairing,  replacing,  and 
calibrating. 

Appropriate  publications. 

a.  Prevent  damage  to  protective  coatings  and  internal  parts. 

b.  Reduce  contamination  hazards. 

To  remove  dirt  and  f>csticidcs  from  the  tank,  pump,  hoses,  and 
nozzles. 

With  a  solvent  such  as  kerosene  or  No.  4  fuel  oil. 

Water;  solvent. 

Engine  components. 

Water. 

Vacuuming. 

Damp,  dry. 

Steam. 

Wax. 

T. 

F.    The  equipment  may  operate  but  could  be  damaged. 

F.    Some  equipment  needs  special  fuel  or  a  mixture  of  gasoline 

and  oil. 

T. 

T. 

F.    SAE  90 W  nondeteigent  for  gearboxes;  SAE  30W  detei^gent 

for  crankcases. 

F.    Only  on  unsealed  fittings. 

F.    Some  engines  are  liquid  cooled  and  waler  levels  must  be 

maintained. 

T. 

F.  Some  hydraulic  sprayers  and  the  compre^'ed  air  duster 
require  air. 

So  equipment  operates  eificiently  and  sately. 

Inspect,  clean,  and  replace  them.  At  least  so  oftsn  as  is 

specified  in  the  manufacturer's  instructions. 

Because  burned  contacts  or  points  will  cause  the  engine  to  run 

very  rough,  or  may  keep  it  from  running  at  all. 

You  can  adjust  idle  screws  and  fuel/air-mixture  screws.  The 

governor  should  never  be  adjusted. 

lb  adjust  the  amount  of  pesticide  flow  or  to  regulate  engine  rpm. 
There  may  be  excessive  wear  to  drive  belts  and  pulley  shafts, 
the  engine  may  vibrate  heavily,  and  the  pump  may  operate 
poorly. 

Allow  ^  inch  of  sag  for  each  foot  of  distance  between  pulley 
centers  when  you  apply  thumb  pressure  to  the  belt. 


T. 
F. 
F. 
T. 
F. 
T. 


Parts  should  be  replaced  when  possible  since  it*s  cheaper. 
Parts  should  be  kept  on  hand  to  speed  up  repairs. 

These  items  usually  do  need  frequent  repairs. 


Moving  your  sprayer  at  a  constant  speed. 
At  least  10  percent. 
Change  the  nozzle  tips. 
25. 

Until  the  air  pressure  in  the  insecticide  tank  builds  up  to 
normal. 

By  adjusting  the  flowmeter  control  valve  and  is  monitored  by 
the  flowmeter. 
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* *\  R I  ",  answer  shcel  icienlil'iealion  niM)ihcr**  in  ihe  ritzlilhanci  enlunui  of  (he  shippiiiii  list.  I f  numbers  cli) 
!UM  nialeh.  return  the  answer  sheet  and  ihe  sliippiuiz  hsl  to  [-C'l  ininiedialely  wilh  a  mUe  of  e\|ihuialiiin. 

...    Ni»ie  lha!  ileni  nunilK-rs  on  answer  sheet  are  seqiieiUial  in  each  eolunin. 

V  I  'sf  a  nieiliuni  sharp  #2  blaek  leati  peneil  lor  niarkinu  answer  sheet. 

I  Write  the  eorreet  answer  in  the  niariziii  at  the  left  of  the  item.  (When  you  review  for  the  eourse 
esanunalion.  yi»u  ean  ei>ver  y."///'  answers  w  ith  a  strip  of  paper  autl  then  eheek  \our  review  an.swers 
a^'ainsi  yi>ur  oriiiiual  ehoiees.)  After  you  are  sure  of  your  answers,  transfer  thetii  to  the  answer  sheet,  H 
\t>u  Iidvc  ti»  ehanue  an  answer  on  the  answer  sheet,  be  sure  tliat  ilie  erasure  is  eomplete.  Use  a  elean 
eiascr  Hut  try  to  avoid  any  erasure  on  the  answer  sheet  if  at  all  possible. 

*^     I  ake  aeiii>n  lo  return  entire  answer  sheet  to  KCI. 

(y    Keep  \'olunie  Ke\'iew  l:\ereise  booklet  lor  review  and  ret'erenee. 

/     II  intiiitftiiftn/y  enrolleti  stutlent.  proeess  questions  or  eomnients  th.rouiih  your  unit  trainer  or  OJ  T 
supervisor  II*  \'t>//////(/r//v  enrolled  student,  send  questions  or  eomnients  to  MCI  on  \iC\  l-orm  17. 
n(}\  Ts: 

I     I  >iin*l  use  answ  er  sheets  other  than  one  rurnished  speeil  ieally  \'ov  eaeh  re\  iew  e.\ereise, 

I  >i>n*l  mark  on  the  answer  sheet  exeept  to  nil  in  markinii  bloeks.  Double  mtU  ks  o  exeessive  markings 
wlueli  overflow  markiuL^,  bloeks  w  ill  register  as  errors. 

V  Don't  lolil.  spindle,  staple,  tape,  or  niutilate  the  answer  sheet. 

I     I  >on't  usi*  ink  or  any  marking  other  than  n  #2  blaek  lead  peneil. 

XOn::  Nl'MHKKLI)  LI-ARNINC;  OBJKC  I IVK  RKFKRKNC  KS  ARK  I'SKl)  ON  THK  VOIAIMK 
KI'A'IKW  KXKRCMSK,  In  pareiunesis  alter  eaeh  item  number  on  the  VRli  is  the  Lcaniiiiir 
(>/*f(  (  live  Ninnhcr  where  the  answer  to  that  iteni  ean  be  ioeatetl.  When  answering  the  items  on  the 
\'kl{.  reler  to  the  Lcinnin\^  Objectives  mdieated  by  these  Xnnihcrs.  The  VRH  results  w  ill  be  sent  to 
\ou  on  a  posteard  whieh  w  ill  list  the  acinal  VRI*  iicins  you  missed,  (io  to  the  VRM  booklet  and 
loeale  the  I.t'tirnitii;  Ohjcctix  c  i\'mnhcrs  lor  the  items  missed,  (io  to  the  text  and  earetully  review  the 
areas  ei>vered  by  these  referenees.  Review  the  entire  \'Rl-'  again  before  you  lake  the  elosed-book 
(  \>urs».-  I  >.aininalion. 
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Mi)i;rMMj:c*!i()ic'i: 


(  101  I  riu*  Ii:i/ai\l  lioni  pcsticiilc  dril't  is  LiiCLitcsl  durinii 
b    (Ius(  ;ipjiiK*;itiun. 


riooJiiii!  or  rLiiniiii: . 


(  10.')  IIk*  ;ibilily  ol  i\  j>csl  pupukilion  lo  wilhslaiul  pesticide  livalnicnls  which  were  ^cncrLilK  Iclhul  lo  CLulicr 
pi^pnlalions  del  incs 


1    (10  >)  \\  hich  ol  (he  ri>llo\\  Iiil!  melhiKls  is  nof  recommended  lor  prc\  enliiii:  pesiicide  resisUmcc  or  lolenmce? 

a.  I  'se  pesiieides  i>nly  wlien  ahsoluleiy  necessar\  , 

h  I  'se  pesiicules  Licci>rding  lo  Libel  insiruciiiMis. 

e.  I  'se  (he  sdoniiesl  possible  dtisage  ol*  pesticide. 

i\  I  'se  iiUeui  aleil  controls  as  much  lis  pi>ssible. 

(  lO  h  Pesticides  should  be  used  only  when 

a     no  olliei  (echnit|ue  w  ill  do  the  job. 
b    the  aiea  is  o\  ci  popuhilcd  v  ilh  pests. 

mechanical  ile\  ices  luv  not  ciTcctive. 
d    bioloizieal  mcthoils  are  not  a\  ailable. 

t\    {  l(iM  W  hich  ot  (licsc  s\stcnis  is  attacked  by  fumiyants? 

a     I  )ii,'esii\e.  c.    Resj^irattM y . 

b    Ncr\e  d.    C'ircuIaUMA . 

(10.^1  A  pesticide  \\  hich  kills  by  ingestion  is  classilied  as  a 

a.    Iiunii!anl.  c.    contact  poison, 

b    sUMiiach  poison .  d.  rodenticide. 

s    I  l(Uo  W  hat  terms  Lire  used  to  express  i he  exj^osure  routes  ol  ti^xicity? 

a    ( )ral  aiul  dermLiI .  c.    Mouth  Lind  skin. 

b    I  uiiL^s  and  sl.iiK  d.    hitra\ enous  aiuUliizestive. 

(  107)  Which  ol  the  lollowinu  insecticides  is  ineorpoi Lited  into  resin  strips  which  Lii\e  olT  toxic  \  Lipt>rs  tot  a  lonu 


a  pesdcide  immunity, 
b.    pesiicide  lesisiancc. 


c.  poslicide  (legLilion. 

d.  pesticide  tolerance. 


(niie 


a  nichlt>r\os. 
b.  \lalathion. 


c.  DimethoLite. 
th  Propetam[ihos. 
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(  I07>  Which  o\  these  i>rii;iiu>phi)sphiUc  insccliculcs  is  widcl)  used  Un  I'lliii  \o\\  \olunie  spiMvinu  hm  ;kIiiIi 
mos(|iiitoes 

J    l):ehU)i\os.  l'.  Pn>|vtaniphi)s, 

h    \!;il:Uhion.  iL  Dinietluuile, 

(  107)  \\  hieh  oi  i;;iiu>pht>sphnte  insect iekic  is  in  {x\o\\  uenenilly  iionstinniny .  ;iihI  e;in  he  iiseJ  in  several  ;nv;»s 
eseepl  where  IoihI  is  pn>eessecl  i  r  prepared? 

a    Dnrshan.  e.  Pn>petiniipht>s. 

U.   Dia/inDii.  cl.  MalathitMi. 

{  inS)  Whieh  ol  the  rolli>vs'i!u:  earhaniato  ifisoetieicles  shinikl  ncvfr  be  sti>>v<.l  with  other  pesti^'ides  havini!  a 
sironn  in  lor? 

a.   HenditKarh.  e.  Propi>\ur. 

h.   Carharyl.  d.  SMIX\ 

(10*)'  Whieh  ori:anoehh>rine  may  he  mixed  witli  peanut  hntter  i>r  i>ther  materials  ior  use  as  a  et>ekri>aeh  and  ant 
l>au? 

a.   C'hiordane.  e.  I.indatic. 

h    (  hlortleeone.  d.  Methi>\yehlor- 

1  IO*M  The  t>ri:aiu>elih>riMe  pesticide  used  to  preserve  ;:nd  protect  \\\>od  rn>m  termites.  Tuniii.  and  lyctus  hectics  is 

a    pentaeiiloropiieno! .  e.  clih>rdccone. 

h    nietlu)\yehh>r.  d,  chlordane, 

(  HO)  I  he  inseetieidal  I'umiyant  which  is  nonnannnable  and  iu>nci>rrosive.  and  Is  used  \'ov  t'umiiiating  huildiniis 
with  ilrs  wooti  termites  is 

a.   alunnnuni  phosphitlc.  c.    sufuryl  Huoridc. 

h    ineth\  I  hri>nnde.  d.  tlichU>n>vos. 

(110)  Whieh  i>l' these  inscet'ciJal  fuipigants  is  nontlaniniahle.  heavier  than  air  and  has  chlon>picrin  added  as  a 
w  at  nini!  a»jenl 

a     ParatliehU>n>beii/ene.  c.   Sulluryl  lkn>ridc. 

b    Aluminum  plu>spirKle.  d.    Methyl  bn>mide. 

(111)  Which  i>l  these  pesticides  is  highly  eriective  but  shm  acting  against  lire  ant  coU>nies? 

a.  -\nulro.  c.  Mctlu>prene, 

l>    Hone  aeuL  d.   Silica  aerogel . 

(  11  I  )  A  pi>wdery.  light  pesticide  which  causes  a  loss  ot  body  fluids  in  insects  is 

a    pyrethrum.  c.    bi>ric  acid. 

b.  resinelhrin.  d.    silica  aen>gcl. 

(  1 1  J )  I  low  di>  anticoagulant  rodenticick^s  work  ? 

a.    H\  retlueing  the  iculent  's  ability  to  digest  food. 

b    H\  reilueing  tlie  bloiurN  clotting  ability, 

e.    H\  eausnig  heart  paralysis. 

k\    \\\  eausnig  the  riKlent's  bcnly  to  dehyiiratc. 

3  3(>(o()03  2: 


32a 


.^i)    (  I  I  2)  \\  hk  h  ol  ihoso  hkIo"  k  kIos  ivt|ui!vs  ;i  sluhili/iiiii  ii^cnl  to  be  ;HkLH!  lor  m.ikini:  walci  Iniils  / 


s\  \\;ul;uin. 


L'.  Diphiicinonc. 
iL  Pival. 


M     (1  M )  \\  hi*.  h  ol       lolliuv  ini:  lOilcniiciJcs  is  capable  of  acting  as  a  single-close  atitieoauulaiil  / 

a.    rhallium  suH'ale .  e.  HroJiraeoum. 

h.    /.iiK  phosphide.  d.  Diphaeinone. 

(II  >)  UeeausL*  oT  its  lo\ie  vapors,  whieh  roclenlieiJe  slum  kl  he  haiulled  outiloi>rs  or  in  vv  elUventilulcd  areas".' 


a    /ine  phosphide, 
h    Diailtuni  snlTaie. 


e.  Slryehiilne. 
d.  Pi\'al. 


^.   (  I  I  h  Whieh  ol  the  lollowing  proiluets  are  used  as  lumiganls  in  rodent  burrow  s'? 

a.  Melh>  I  bromide  anil  ehloropierin . 

b  ( 'alenun  e\  anide  anil  aluminum  phosphide 

I  Xhmiini'in  phosphiile  and  methyl  broniiile. 

d.  ( 'hloiopu  rill  anil  ealeium  e\  anide. 

]\     (  1 1  I )  W  bat  ei>nditii>n  iriiieers  the  release  of  gas  in  roilentieidal  fumigants? 


a.  \'er\  ilr\  grounil  eoniiitions. 
h.   Conlaet  u  ilh  boilv  hairs. 


L .    Moisture  in  the  air. 

d.    Temperatures  over  (i5  T. 


(Ill)  .Aluminum  piio^pnide  should  nofbc  used  within  how  many  feet  of  an  oeeupied  su  ueture? 


a.  IS. 
b. 


e.  25. 
d.  .^0. 


.N>    (  I  I    »  \\  hii'h  ol  these  a\  ieides  ean  be  useil  as  a  repellant  at  low  eoneentrations*.' 


a  ()initrol 
b  \vitrol 


d-  BC^R-ISO. 


(  1 1  ."S I  A  chenni  al  w  hieh  lesults  in  ^lerilit\  in  pigeons  is 

a.    .Slarlieide.  e.  Ornitrol. 

b    l)K(-I.VV).  d.  Avitrol. 


(  I  l(M  .\rscnieal  eompounils  shoulil  nof  be  used  as 

a     ai|uat  ie  hei  bieiiies. 
b    terri-shial  berbieiiles. 


e.  postemergenee  hei bieiiies. 
il.   turl  herbieiiles. 


I  1 1  7)  The  pheni>\y  lormulalions  are 
a.    moderateK  lo\ie. 


h.     on i>si\  e 


e.  higb.K  to\ie. 
d.    nonloxie . 


M)    (IIS)  IMiens  lurcas  aie  uscil  as 

a    general  heibieiiles. 
b     seleiliv  e  hei  bieiiies. 


e.  growth  vetarilants. 
il.    soil  sterilants. 
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(IIS)  \\  h;i(  (\  jv  ol  si)il  is  />c,\7  suilcd  Ini  ihc  ;ippliL;Hii)n  n(  niDnmnn? 

M.  S;nul\  soils  \s      hieli  oiuiinit' cdmUmiI . 

h  S.nuly  soils  w  iih  liiuh  iniiK'ral  conUnl. 

I  1  i!'h(  «l;i\  soils  with  hiuli  inincraU'onlcnt . 

il  l  iuhl  t  l;i\  soils  w  idi  hii!li  oi  i:;inic  coiucnt. 

(I  I'))  I  'ikIlm-  w  I  lilt  coiulitions  is  ;i  siina/inc  ///^>.\7  dcsir;ihlc  to  use  as  a  soil  sicrilaiU? 

a.    WIkmi  \ou  i!o  iioi  w  ant  to  kill  at|uatic  plants. 
Iv    \\  Ikmi  solcctcil  plants  arc  to  he  killed. 

Where  the  soil  has  a  liiizh  elas  eoiitent. 
A.    W  here  an\  plaDi  iiiiuvih  is  uiulesirable . 

(IP))  \M  vine  is  more  elTeetive  in  dry  areas  thati  Sinui/ine  Ixeau^i*  Atra/ine  is 

a.  less  soluble.  c.    more  soluble. 

b.  nuMv  penetratini!.  d.    less  penetrating. 

(  l-U)  I  low  ;ne  diuitrn  compounds  izenerally  usetl 

a.  As  soil  sterilanis  a  nil  preemergenee  herbieitles. 
b     As  eiM^tael  herbie!t!es  and  to  rortily  oils. 

e.   ( )nl\  as  soil  siei  iiants. 

il    ( )nl\  as  eoiitaet  berbieiiles. 

(  IJH)  As  eoniaLt  herbicides,  dinitto  eonipountis  are  highly  elleetive  against  what  type  ol  vegetation' 

;i    ( \h)I  season  grasses.  e.    W'ootly  ornamentals. 

b.  W  arni'^eason  glasses-  tl.    I  lerbaeeoiis  plants. 

(  I  .Ml  Whuh  i>t  (he  Inl  lowing  [lests  is  control  k\l  by  the  use  ol  benzoic  acid  conipountis .' 

a    Spiileis  ;muI  mites.  e.    IViennial  aiul  annual  \^ee^.ls. 

b.    \los^|uiloes  aniM lies.  tl.    C'oekroaches  anO  hetlbugs. 

(Ill)  \\  hilt  precautions  must  be  taken  when  using  benzoic  acid  solutions? 

Me  aleit  lor  liic  anil  explosion. 

b.  I  >o  not  use  im)  broad  leal  plants. 

Appl\  on  w  indy  days  to  insure  good  coverage. 
k\    Wear  pri>lccti\e  cli)thing  anti  avoiti  drilts. 

(  I     I  W  hat  are  llic  ///r>.\' commonly  usetl  lornis  ol  alaj'jhatic  aei<.ls  / 

;i.    !\w\v.lcroi  enuilsi  liable  CO  nee  iitr;ites. 
b    Pellets  or  emulsiriable  concentrates. 

c.  I Vllets  iH  solutions, 
il    Tow ilcr  oi  pellcls. 

(  IJJ)  Since  \X  .\  has  a  higher  percenlage  ol  siHlium  salt  than  Dalapon.  how  is  it  more  commonly  usetl'.* 

a.    As  a  eonliiel  herbi<.  itle . 

b     \s  ;i  iempi>rary  soil  sterilanl. 

\^  a  heibicKle  and  fungicide, 
d     \sa  InUiMcide  ami  nenialicide. 
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H)    (  I.Mj  WliK  ii  ol  llic  lollou  ini:  cluMnii^  iils  is  ;i  lunu ol;iiilc.  nonl lainnKibic.  ;iiul  iumiscIocIin  c  ;u|iulic  hctl>u  ulo  ' 

;i     DiiliiMl  0.    Cil>  pluisalc. 

U.    r;n;K)ii;i(.  li.    I  rilliUiilinc. 

II     \     >  \  W  hu  ll  t»l  Ihcsc  hcrhiciilcs  is  lUMisclcclivc  ;iikI  c;in  In*  applied  in  ihc  spi  inii.  summer,  or  iall  Inr  cn)pl;uul  nr 
noiK  u>planil  wevil  cnnlrnl  / 

:\     riilliMaliiic.  c.  I'liulolhalL 

h    ( il> pl\i)s;i(c.  il.  liroinacil. 

\?    (  I.Mj  W  hich  ul  ihc  lollouuii!  is  a  chloriiialcci  hyclnicarbon  luniiiciJc  used  u>  control  snow  mold  aiul  j\vihiiu\i 
hliijhl 

a     Mcili>  I  Ihiophanalc,  c.  IkMiomyl. 

b     Ihialviula/ole.  d.  C'hioroncb. 

I  V   (        A  siihsiiinco  lha!  produces  sensors  siimulalion  is  called 

a.   an  allraclanl.  c.    a  solvent. 

I>    .1  ili'ssit ani .  an  emidsilier. 

II  (  l.\*> )  Siillonaleil  i>ils  arc  used  as  a 

a    slu  kuii:  ;!,L:cn( .  e.    wellinii  aiieni. 

h     niaskuiL' ai^cnl.  d.    synergist  aiient . 

1^    (         Solnlioh  concenirales  thai  arc  diluled  al  iheir  deslinalion  are  called 

a.   cniulsiliahlc  solulions.  c.    anticakinii  solutions. 

I>    I u'ld  sticnulli  solutions.  d.    wettahle  powder. 

U»    1  LVo  I  nuilsil  iahle  concentrates  consist  ot  a 

a.  lichi  stH-nuth  soliuinn.  lettable  powv.lers.  and  an  cmuKilyinLi  ai:cnt. 
b    technical  L'rade  pesticide,  an  inert  carrier,  anel  a  soUent. 

i"    (cchnical  iiiade  pesticide,  a  soUent.  and  an  emuisil'yini:  a^cnt. 
il    wellabic  powder,  v.aler.  and  a  soUent. 

!  ^    \  IJ(o  l  iMulsions  or  solutions  diluted  to  lield  sircHLith  are  called 

a    cundsiliabic  conceiitiales.  e.    linished  sprays, 

b    pesticide  solution .  d.    ineit  carrier. 

IS  (  ly/i  ;nc  ti>  treat  a  .U)()()-sc|uare-loot  area  with  a  wettahle  powder  turf  luuLiicidc  ctMitainin^  2.f>  pmnuls 
acli\e  iuL'rcdicnt  per  baii.  Ilie  application  rate  is  .5  ptunul  per  KMK)  scjuaic  leet.  How  many  pounds  ol  active 
uiLMcdienl  wil!  >iiu  use.' 

a     I  N  pounds.  c,    5.4  pounds. 

b.  W>jn>unds.  d.  7.2p<uuuls. 

bJ    (  IJ/)  II  an  uiseclicide  label  states  an  application  rate  ot  5  pounds  per  acre  and  the  proi^luct  contains  4  pounds  oT 
ac!i\c  niLiredicnt  pei  i^allon,  how  mans'  pi>unds  are  needed  to  treat  an  area  3  miles  Ion*:  and  150  leet  w  ide  / 

A     MS  Ipoinuls.  e.    5 1 5.0  piunuls. 

b         VO  pounds.  d.    540.5  ptunuls. 
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sU    (         \\'lu-M  \i>n  :iiv  sclcLlini:  special  eqiiipmciu  to  Ix^  used  tot  a  paiiieulai  pesl  uiaDa^L'enienl  siutalioiK  ynu 
should  lelei  lo  the 

a     l  ahleol  Inseels.  ^  ^    Table  ol  r.quipnieiu . 

h     lahleot  Mlowanee.  d.    C  ost \s  Life  I  able. 

>l     {  l.^*M  !  he  el teeliv eness  ol  pesticide 


decreases  w  ith  an  increase  ot  it^  e\[")osL'tl  surface . 
dcct eases  wiii  a  tiecrease  ol"  its  exposed  surlace. 
uK  ieases  \\  iih  a  tieereasc  of  ils  exposetl  surlace. 
nicreases  with  an  increase  of  its  exposed  sin  race. 

(  I  ^^h  W  hich  inanuai  sprayer  is  /w.sf  suited  ior  Hushinii  insects  I'roni  cracks  and  crevices".* 

a.   ( 'onipivsseii-air  spiayer.  e.    Aerosol  dispenser. 

Iv    IMessuri/eil  cylintler.  d.    Siphon  atonii/er. 

s  V   (  I  ^tM  Whieh  spray  system  is  hcsf  suited  lor  injectini!  line  pesticide  particles  into  cracks  and  wall  voids? 

a    Siphon  alonu/er  e.    Aerosol  dispenser. 

Iv    l*ressuri/eil  cylinder.  d.    C\)iiipressed-air  spra>er. 

^1    (I  ^O)  Which  iil'thc  I'l  llowini:  pieces  of  spray  equipment  is  nioM  widely  used  by  pest  luanagers? 

a.   Compressed  air  sprayer.  e.    KefiMable  aerosol  tlispenser. 

Iv    Disposahle  aerosol  disjvnscr.  d.    Siphon  atomi/er. 

•^•^    1  Ml)  W  hen  neatness  and  careful  placement  of  inseeticitlal  dust  are  requiretL  which  duster  shouM  he  used? 

a.    I  land  hellows.  e.    Mand  pluniier  duster, 

b    I  land  shaker  J.    Rotary  hand  tluster. 

*^<»    1  i  M  »  W  hat  l>  pe  pcsiieide  equipment  is  hcs!  suited  for  appi  v  ini:  pesticide  over  small  outdoor  ground  areas  .* 

a.    Handshakers.  c.    l-oot  pump  tlusters. 

Iv    llaiul  IvMows.  d.    Cnanular  spreaders. 

'     (  I  v't  Which  ot  ihc  following  pieces  of  portable  powered  eqtii,Mnent  are  priniarils  designed  to  apply  highlv 
nMU  cMlialeil  pestieide  lorniulal ions? 

a.  I  iamc mounted  hydraulic  sprayers. 

Iv  Uackpaek  niist-dusi  blowers. 

e.  I  land-can  led  thermal  log  generators. 

d  I  laiul-cari  icd  ultra-low  volume  generators. 

s.s    (  I  ^     Which  ol  the  following  pieces  of  nonportable  powered  equipment  are  tiesigned  to  disperse  liquid,  tlust, 
and  L'lanular  tornudations? 

a.  Trailer  niounled  hydraulic  sprayers. 

Iv  Mechanical  aerosol  generators, 

c.  Thermal  tog  generators, 

d  Mis!  du^l  blowers. 
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(1^1  What  ts  a  pfufidrv  ivc|iiiicniciit  lor  inplacc  sttiek  ami  struc  tural  luniiiiation  opci  alii>ns  ' 

a  All  opc  iuni:^  imist  he  tapcJ. 

h  Ml  pcsticiilcs  nscil  niiist  he  nontoxic  to  humans, 

c  \  lK|niil-ti,i:hi  ci>\cr  over  the  stack  or  huildinii. 

J.  Ml  an  I ii: hi  co\cr  over  the  stack  or  buiklinu. 

i  I  What  iv  jhc  ptnposci»ra  sanil  snake  in  the  Innij^alion  [iroeesv  * 

a  l  o  svmI  the  ci>rners  ol  stack  or  huilUinLis. 

h.  I  o  seal  the  air-tiL!hl  cover  at  the  I'lour  or  un»uiul. 

c  I  o  act  as  a  weight  lor  co\  ers  at  ri>oreilues. 

il  I  o      as  a  ueiiiht  lor  Joi>r  and  w  im'    \  lediics. 

(  I  Which  ol  the  roIIi>\vinu  traps  are  hc.sf  suited  lor  crawlinii  pests  where  the  use  of  pesticides  would  he 
inisak"  '.* 

a.  Haiteil  jar  traps.  c.   C\tge  traps, 

h.  I  \\2h\  tiaps.  d.   Snap  traps. 

^    (I  Which  l\jv  ol  iiulent  trap  is  reconnnenUevI  Tor  trapping!  rodents  in  areas  where  haits  and  snap  traps  would 


d'*^    {  1  W»>  Which  ol  the  lolUnvinu  pumps  is  suitable  tor  hiL!h  pressure,  stands  abrasi\es  welL  and  is  easv  and 
inc\ pcnsi\e  to  repair/ 


be  h,i/aidons 


a     I  i>.'hl  trap, 
b    ( line  boaul . 


c.  Raited  jai  \i^i\>. 

d.  lial-Chairi  nap 


a.  1  )iaphra.i:in. 
b  PiNion. 


e.  Nyh»n-roller. 

d.  Uublvr-iinpellar. 


I  W )  W  hat  l\  pe  !>!  sprayer  tank  is  iw.sf  for  larue  pest  control  operations? 


a     I  ihei«.^la^>^ 

b    Siainlcss  steel . 


^.  Steel, 
d.  Plastic. 


c.  liherylass  and  stainless  steel. 
<,!.    liheriilass  ami  plastic. 


I     \  W  hat  is  indicated  b\  the  number    i»n  a  disc  no//le  / 


h 


Theoutpiil  IS  .U  oal  pernhnule. 
The  oulpnl  is  lated  at  ^H)  psi. 
The  spra\  ani^le  is  . 
I  he  ilisc  has  a    04  openiiii:. 
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(  I  ^S)  Sclcc!  (Ik*  Tccjct  luv/k*  you  slnmld  use  ti>  spray  ;tn  cnui!sii>n  on  an  nulinai  \  surtacc  at  an  angle  ot  '  w 
laU*  ot  0..>  »:alloi^s  per  ininulc  at  40  psi. 


(  I       A  preopcration  inspeeiitni  shoulj  he  perlornieJ  lui  > our  equipment  helore 

a  evei\  opeialioti 

!v  ilie  lirsi  operatitui  t^l  the  tla\  . 

e  ihe  liisi  operation  ol  the  week. 

^1.  the  liisi  operation  in  tlie  niornini:  and  alternoon. 

(  i  lO)  W  hat  is  the  ////<//  step  in  the  preoperational  inspeetion  ol"  a  eonipressed  air  sprayer? 

a.  IMaee  the  pressuri/etl  tank  under  water  to  eheek  lor  leaks, 

h.  Tiessuri/e  u  ithout  liquid  to  see  il  it  will  hold, 

e.  I  ill  Willi  pestieide  aiitl  start  spraying!. 

d.  I  est  w  ith  plain  water. 

(11 1 )  W'liieh  cil  the  lollow  ing  preeautions  is  staiitlartl  lor  operating:  moM  manual  dusters 

a.  Insme  proper  luhrieaiion  and  adiustnients. 

h.  ( )j)erale  iheni  with  the  wind  at  your  haek. 

e.  I  'se  an  inert  dusi  for  preoperational  inspeetion. 
<l  I  )o  n<»i  tr>  lo  earr\  iheni  hy  yourself. 

(  M.M  What  is  the  ////<//  step  in  the  operating  proeedurcs  lortlie  haekpaek  niist-tlust  blower? 

a  Sluit  oil  pesiieide  helore  stopping  engine  to  elear  eh  am  her. 

h.  Shut  oi  l  luel  to  engine  to  stop  it. 

e  ( >peiate  the  engine  at  low  rpm  prior  to  shuttlown. 

d  I  se  all  pesiieide  in  unit  helore  stopf'jing. 

(I  IJ)  When  oj^eraling  a  high-pressure  pestieide  sprayer,  the  pressure  regulator  shouki  he  set  al 


(  I  I  M  Uetore  \ou  start  the  nonportable  mist-dust  blower,  you  shouki  make  >ure  that  the  iM)oni  is 


I  n  M  W  hat  materials  are  reeommendetl  lor  eondueting  the  operational  test  on  a  nonportable  mist-dust  blower 


(II Alter  you  have  started  the  nonpoi table  mist-dust  blower,  what  shouki  \  i>ur  ////(//  eheek  ensure? 

a.  Piuper  pesiieule  How  aiitl  air  veloeity. 

h.  No  leaks  and  all  parts  are  operational. 

e  (  oireet  pestiei  lal  loi  iuulation  and  elean  water. 

d.  Propel  air  velocity  and  throttle  operation. 


a  ;(U>I\SI. 


e,  ISO  l\SI. 
d.    123  I^SI. 


a.  ienio\ed. 

h.    jMMtiled  npw ard. 


e.   pointed  tlownwartl. 

d.    in  a  horizontal  [Position . 


a.  I  ni'.lsion  or  granules, 
i').   .So.iition  or  tii  anules. 


e.  Kmulsion  or  tale, 
tl.    Water  or  tale. 
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(Ill)  I  01  iIk'  trailer- nuuintci!  Iiytliaulic  sprayer,  you  slu)ukl  not  iieneralK  alUuv  piniip  pressme  loexeeetl 


(  Ml)  W'liai  are  the  inininuiin  and  inaxininni  rotations  per  minute  (KPM)  lor  euiiines  on  tiailer-nuunilet! 
Iiyihaulie  spr;ivors? 


1  \  II  ilie  eui^me  ol  a  nonporlahle  ulira-lovv  volume  i^enerator  is  ojieratini:  at  2500  rpni  and  proper  pressure 
eainiot  Iv  maintained.  /;;.'vv/  likely  the 

a.  eniiine  vaeuum  is  low  . 

Iv  tlrne  belt  tension  is  loose. 

e.  \  iseosiiy  or  pesticide  istooliiizh. 

d  hnes  are  cloiziicd  uitli  pesticide  residue  . 

(  1  !.*>)  Alter  yon  liave  started  the  nonportable  UIA'  iienerator.  you  sliouk!  check  all  oTlhc  lollouini:  except 

a.    leaks.  e.    pulley  aliiinment . 

h.   e\eessi\o  \  ihi ation.  tl.    pesticide  level . 

(  1  Id)  W  hichol  the  r'.>llo\\  ini:  types  of  maintenance  is /Zf^r  consideretl  oruani/ational  maintenance? 

a.  I  ipiipment  rcpaii*. 

h  (  omponcnl  replacement. 

e.  I  i|Uipment  o\ eriiaul . 

d.  (  alihiaiion  and  adjustment  ol  contri>ls. 

(  117)  t  o  triple  rinse  et|uipmenl,  \  ou  should  use 

;i  t\\i>  rnises  with  detcriient  antl  ssaiei'.  arul  i>ne  rinse  vs  ith  clear  water, 

h  one  rinse  with  deteri:ent  and  water,  and  two  rinses  with  clear  water, 

i  .  lliiee  separate  rinses  w  ith  delei  iient  and  water, 

tl  three  separate  l  inses  w  ith  plain  water, 

(  M?)  l  i|Uipn)«.  iit  designed  IV»r  apply  inii  tlusts  and/or  izranules  is  hcst  cleanetl  h\ 

a.    \  aeuuniini:.  c.    t  lushinii. 

h    waslnnt:.  tl.  rinsinu. 

t  I  IX)  \S  hat  t\pe  ol  oil  is  iienerally  used  in  the  engine  block  o\'  nuKst  pow  ered  dispersal  equipment? 

a.   .S.\|-.  WW  nondeteriient.  c.    SAh  M)\\'  deteri:enl  oil. 

b    .S.AI .  M)W  nondetcriient  oil.  d.    SAH  10-40\V  detergent  oil. 

t  l  l^))  The  ke\  reasons  lor  adjusting  eijuipment  properly  are 

a.  ellieienev  and  cost  elTectiveness.  c.   cost  elTectiveness  anti  safety . 

b.  s;irety  and  durability.  d.   elTiciency  and  saicty. 

{  1  1*M  W  hat  actions  shouki  you  periodically  take  regarding  contact  points  on  an  engine  / 

a.  Repair  and  adiust.  e.    Inspect,  adjust,  and  replace. 

b.  Kepair,  ad|nsi,  ;md  replace.  tl.    Atljiist,  repair,  anti  inspect. 


a  :oor,s!. 

b  >0(HVSI. 


c,  4(M)|\SI. 

d.  .^OOPSI. 


;i     I  "^OO  to  :5t)(). 

b   150010  :soo. 


c.  ISOt)  to  2>i)i). 

d.  ISOt)  to  2S00, 
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(  l-^H)  Whicluil  Ihc  liilliuvini:  ciinipimctils  is  nonnalh  ivp;iiivd  iiithcr  llum  replaced  . 

,1     \\\n\\  ilrixc  Ivhs.  Inopoiativo  iiulicaliu  ^^au 

l>    I  )auMi:oiKliaH  IxMi  in«:s.  ,^1    Sprav  uuiis. 

(        W  huliol  ihc  iDllowini:  cnnipDncnls  isnornialK  icplaLcd  ii,  .oad  nl"  repaired? 

a    Spra\er  pmnps.  Spra\  uuiis. 

h    (  arhmvlors.  j  Ciau^ucs. 

(  t-^  I  1  In  ealihialini:  sprayers,  w  luu  uri'^inal  elu)iees  ////rv/  yi)U  make  / 

a     Speeil.  pmnp  pressure,  and  in)/./les  Id  use. 
Iv   Si/e  al  areas,  speed,  and  jnuiip  pressure. 

Niv/les  lo  use,  si/e  ii|  area,  and  speed. 
i\     INunp  pressuie.  ntv/les  id  use.  and  si/e  Dl  area. 


KNDOI  KXKRCiSK 


1 1 


STUDENT  REQUEST  FOR  ASSISTANCE 


PRIVACY  ACT  STATEMENT 

AUTHORITY:  10  USC  8012  and  EO  9397.  PRINCIPAL.  PURPOSES:  To  provide  studant  asilitance  ai  requeued  by  individual  itudcntl.  ROUTINF. 
USES;  This  form  is  shipped  with  ECl  course  packaqa.  It  Is  utiilzad  by  the  student,  as  needed,  to  place  an  Inquiry  with  ECi.  DISCLOSURE:  Voluntary. 
The  information  requested  on  this  form  Is  needed  for  expeditious  hand:in9  of  the  student's  need.  Failure  to  provide  ali  Information  would  result  in 
slower  action  or  inability  tc  provide  assistance  to  the  student. 


SECTION  I:  COR  RECTED  OR  LATEST  EN  ROLLMENT  OAT  A:    iMuil  la:    IXl.  Cuntcr  Al'S  AL  J6tlS) 


I    THIS  REQU EST  CONCERNS 
COURSE  (1-6) 


2-  TODAY  S  DATE 


S.  SOCIAL.  SECURITY  NUMQER  (7  -  13) 


6.  CH  A  DE/RANK 


3.  ENROL.L.MENT  DATE 


4.  AUTOVON  NUMBER 


7.  NAME  (thirst  UlUiai,  svama  ininat.  last  iwmej 


U  7  J 

{  i  9-32) 


ADDRESS 

(<?j  r  I  'nrollees  -  AiUiress  of  unit  traimnf^  office 
with  zip  cmlc.    All  others  -  current  mailing 
ailtlrcss  with  zip  code.) 


(33-83) 


(94-79) 


«.    NAME  OF  BASE  OR  iNST  A  L.L.ATI0N  IF  NOT  SHOWN  ABOVE 


10-  TE^T  CONTROL.  OFFICE  ZIP  CODE/SHRED  (33  -  39) 


SECTJON  II:   REQUEST  FOR  M  ATERI ALS  ,  RECOR  DS .  OR  SERVICE 


(l*lacc  an  '  V  through  t'Mmber  in  box  to  left  of  service  requested) 


FOR  ECI  USE  ONLY 


10 


Request  address  change  ds  Indicated  in  Section  I.  Block  8. 


Request  Test  Control  Office  change  as  indicated  in  Section  I,  Block  10. 


Request  name  change/correction 
(Provide  Old  or  Incorrect  data) 


Request  Grade/Rank  chanqe/correction. 


Correct  SSAN.  (List  incorrect  SSAN  here) 
(Correct  SSAN  should  be  shown  In  Section  I) 


Extend  course  completion  date.       (Justify  in  REMARKS) 


Request  enrollment  cancellation.      (Justify  in  REMARKS) 


Send  V  RE  answer  sheets  for  Vol(s):  123456789 
Originals  were:    □  Not  received      D  Lost     D  Misused 


Send  course  materials.  (Specify  in  REMARKS) 
I  1  Nc   'eceived      □  Lost      □  Damaged 


Course  exarri  not  yet  received.  Final  VRE  submitted  for  grading  on. 


-(date). 


Results  for  VRE  Vol(s)  1  23456789  not  yet  received. 
Answer  sheet(s)  submitted  ____^date).    _ 


Results  for  CE  not  yet  received.  Answer  sheet  submitted  to  ECI  on_ 


.  (date). 


Previous  inquiry  (□  ECI  Fm  17,  □  Ltr»  □  Msg)  sent  to  ECI  on_ 
Give  instructional  assistance  as  requested  on  reverse. 


(date). 


ether  (Explain  fully  in  REMARKS) 


16 
G 


K 


M 


N 


Vol  33  •  3S  GR  36  -  38 
33  •  34  3S  -  40 


33  -  3ft 


Vol  33  -  3S 


TC  36  •  37 


Q 


DOE  3«  -  4S 


33-34 


MC  39  -42 


HSMAHKS  (Cnntinue  on  Reverse) 


OJT  STUDE  NTS  must  havs  their  OJT  Admtniitritor 
certify  this  request. 


ALL.  OTHER  STUDENTS  may  certify  their  own  requests. 


I  certify  that  the  Information  on  this  form  Is  accurate  and  that  this  request  cannot  be 
answered  at  th It  station.  (Signature) 


ECI 


FORM 

OCT  es 


17 


(ptcvtous  corriOMS  may  be  usu) 


338 

13 

O 

ERIC 


SECTION  III:   REQUEST  FOR  INSTRUCTOR  ASSISTANCE 


NOTE:  Questions  or  comments  relating  to  the  accuracy  or  currency  of  subject  matter  should  be  forwarded  directly  to  preparing  agency. 
For  an  immediate  response  to  these  questions,  call  or  write  the  course  author  directly,  using  the  AUTOVON  number  or  address  in  the 
preface  of  each  volume.  All  other  inquiries  concerning  the  course  should  be  forwarded  to  ECL 


VKb  Item  Uuestioneo: 

MY  QUESTION  IS: 

Course  No  .  

Volume  No  _ 

VRE  Form  No 

VRE  Item  iMo  . 

Answer  You  Chose 

(Letter) 

Has  VRE  Anrwer  Sheet 
been  submitted  for  grading? 

tJ  Yes       □  No 

REFERENCE 

(Textual  reference  for  the 
answer  1  chose  can  be 
found  as  shown  below) 

In  Volume  No 

On  Page  No 

In    (Dleft    n  right  column 

Lines  Through 

Rf  M  A.NKS 


ADDITIONAL  FORr\/IS  17  available  from  trainers,  OJT  and 
Education  Offices,  and  ECl.  Course  workbooks  have  a  Form  17 
printed  on  the  last  page. 


14 

339 


56650  0.^  22 


56650  04  8408 


CDC  56650 


Pest  Management  Specialist 

(AFSC  56650) 


Volume  4 

Disease  Vectors 


Extension  Course  Institute 
Air  University 


Prepared  by 
TSgt  Ardrah  L.  Buddin  lU 
(AUTO  VON  736-^559) 


Reviewed  by 
Maxine  J.  Robinson 


Edited  by 
David  Crawford 


USAF  TECHNICAL  TRAINING  SCHOOL  (ATC) 
SH6PPARD  AIR  FORCE  BASE,  TEXAS  7631 1 


EXTENSION  COURSE  INSTITUTE  (AU) 
GUNTER  AIR  FORCE  STATION.  ALABAMA  361 18 


341 


VOLUME  4  OF  CDC  56650  gives  you  knowledge  on  a  wide  variety  of  pests  which 
vector,  or  transmit,  disease  to  humans. 

You'll  begin  Chapter  1,  Mosquitoes,  with  some  background  information  on  methods 
and  cycles  of  disease  transmission.  Then  you'll  learn  about  mosquito  development  and 
habits;  important  mosquito  species;  and  survey  and  control  methods. 

In  Chapter  2,  you'll  study  flies:  why  they're  important  to  people,  general 
characteristics,  important  fly  species,  and  survey  and  control  methods.  This  general 
pattern  will  prevail  in  Chapters  3  and  4,  as  you  learn  about  fleas,  lice,  ticks,  anrt  mites. 

Code  numbers  appearing  on  figures  arc  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the 
Air  Force. 

This  volume  is  rated  at  30  hours  (10  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  March 
1984. 


Iff 


342 


Acknowledgement 


PREPARATION  of  this  volume  was  aided  through  the  cooperation  and  courtesy  of 
Harcourt  Brace  Jovanovich  Publications,  publishers  of  the  Scientific  Guide  to  Pest 
Control  Operations,  3rd  edition;  and  Pest  Control  Magazine,  Information  from  these 
sources  helped  in  developing  text  on  several  differently  medically  important  pests. 

In  accordance  with  tlie  copyright  agreement,  distribution  of  this  volume  is  Umited  to 
DOD  personnel. 

Course  development  was  further  enhanced  through  the  cooperation  and  courtesy  of 
Gie,  Inc,  Publishers,  publishers  of  Pest  Control  Technology  Magazine,  Past  issues  of  this 
magazine  assisted  greatly  in  developing  control  information  related  to  flics  and  fleas. 

Permission  to  use  materials  by  these  publishers  is  gratefully  acknowledged. 


343 


Contents 

Page 

Preface  

Acknoyvledgment  

  1 


Chapter 
1  Mosquitoes 


2  Hies   26 

3  Fleas  

4  Lice,  Ticks,  and  Mites   54 

Bibliography  

iXnswers  for  Exercises  


344 


ERIC 


CHAPTER  1 


Mosquitoes 


MOSQUITOES  have  probably  caused  more  human  disease 
and  suffering  than  any  other  group  of  insects.  Diseases  like 
malaria  and  yellow  fever  kill  thousands  of  people  each  year 
in  some  parts  of  the  world.  Mosquitoes  arc  very  important 
in  the  epidemiology  of  many  diseases.  Epidemiology  is  the 
study  of  factors  that  determine  the  occurrence  of  disease  in 
populations.  More  simply,  it's  the  study  the  history  of 
diseases.  For  this  reason,  the  Air  Force  is  vitally  interested 
in  the  mosquito  and  its  control.  After  reading  this  chapter 
you  should  know  (1)  the  methods  and  cycles  of  disease 
transmission,  (2)  the  significance  and  characteristics  of 
important  mosquito  species,  (3)  the  development  and  habits 
of  mosquitoes,  and  (4)  the  techniques  of  surveying, 
collecting,  and  controlling  mosquitoes. 

1-1.  Methods  and  Cycles  of  Disease  Transmission 

It  has  been  estimated  that  in  the  aftermath  of  a  nuclear 
war  (heaven  forbid),  more  people  would  be  killed  by 
epidemics  of  arthropod-borne  diseases  than  by  the  war 
itself  Of  course,  this  is  an  extreme  example  of  why  you 
need  a  basic  knowledge  of  disease  cycles;  but  given  the 
right  circumstances,  vector-bome  disease  can  occur  almost 
any  place  at  any  time. 

Hopefully,  you'll  never  need  to  apply  the  information 
included  in  this  section.  But  if  you  do,  you'll  be  in  a  better 
position  to  discuss  problems  associated  with  disease 
transmission  and  vector  control. 

Diseases  can  be  transmitted  mechanically  or  biologically 
by  an  arthropod.  Within  these  two  methods,  there  are  two 
cycles  by  which  an  arthropod  can  infect  humans  and 
animals;  the  host- parasite  cycle  and  the  host-parasite- vector 
cycle. 

600,  Identify  elements  and  cycles  of  disease  transmission 
and  Indicate  how  diseases  may  be  transmitted. 

Host-Parasite  Cycle.  A  host  is  a  living  animal  or  plant 
which  provides  subsistence,  and  often,  lodging  to  a 
parasite.  A  parasite  is  a  small  organism  or  virus  living  in  or 
on,  and  at  the  expense  of  a  larger  organism.  The  host- 
parasite  cycle  of  disease  transmission  involves  these  two 
factors,  as  illustrated  in  figure  1-1.  The  two-factor  diseases 
are  transferred  from  human  to  human  without  the  assistance 
of  any  other  living  organism. 

Some  conmion  diseases  transmitted  through  the  host- 
parasite  cycle  are  measles,  pneumonic  plague,  cholera, 
typhoid  fever,  gonorrhea,  and  syphillis. 


As  a  pest  manager,  you  cannot  play  a  role  in  controlling 
them  because  there  is  no  arthropod  involved  in  their 
transmission.  These  must  be  controlled  by  medical  service 
personnel  with  immunization,  innoculation,  quarantine, 
and  decontamination  programs. 

Host-Parasite* Vector  Cycle.  The  host-parasite-vector 
cycle  of  disease  transmission  involves  three  primary  living 
factors.  Note  the  presence  of  a  third  factor,  the  vector.  This 
is  an  organism  which  acts  as  a  living  transporter  and 
transmitter  of  disease  agents.  This  disease  transmission 
cycle  can  be  separated  into  two  categories:  a  human  as  the 
principal  or  only  host  and  a  human  as  the  incidental  host. 

Diseases  involving  humans  as  the  principal  or  only 
host*  These  diseases  include  filariasis,  dengue,  malaria, 
yellow  fever,  dysentery,  and  epidemic  typhus  (fig.  1-2). 
Although  in  the  broadest  sense,  vector-bome  diseases  may 
include  those  transmitted  fiom  human  to  human,  general 
usage  in  the  United  States  restricts  the  term  vector-bome 
disease'*  to  those  transmitted  to  humans  by  arthropods  or 
nonhuman  vertebrates. 

Diseases  involving  humans  as  the  incidental  host.  These 
diseases  include  rabies,  plague,  tularemia,  spotted  fever, 
murine  typhus,  and  encephalitis  (fig.  1-3).  These  disease 
are  transmitted  fiom  animals  to  humans  and  are  usually 
called  zoonoses.  In  this  cycle,  nonhuman  vertebrates 
arthropods  act  as  the  vectors  and  are  the  normal  hosts  for 
the  disease  while  humans  and  domestic  animals  are  the 
incidental  hosts.  The  incidental  hosts  are  nonessential  and 
at  times  are  dead  ends  in  this  chain  of  disease  transmission. 

In  this  cycle  of  disease  transmission,  you  can  direct 
control  programs  toward  the  vector,  because  in  most  cases 
the  vector  is  the  most  susceptible  link  in  the  chain. 

Mechanical  Disease  Transmission.  Mechanical  disease 
transmission  occurs  when  an  arthropod  transports 
microorganisms,  such  as  dysentery,  typhoid,  or  cholera 
bacteria,  on  its  feet,  body  hairs,  or  other  surfaces  to  human 
food  or  to  the  human . 

In  mechanical  transmission,  the  parasite  neither  changes 
nor  multiplies  significantly  within  the  vector.  The 
artfiropod  is  simply  a  vehicle  that  transports  the  parasite. 
Some  examples  are: 

and  -  The  typhoid  fever  bacillus  is  carried 
on  the  feet  and  body  hairs,  or  Uie 
bacillus,  which  causes  dysentery 
passes  through  the  digestive  canal  with 
feces  or  through  regurgitation. 
The  anthrax  bacillus  is  carried  on  the 
niouthparts. 

The  tularemia  bacillus  is  carried  on  the 
mouthparts. 


(1)  HousefUes 
cockro&cbes. 


(2)  stable  Hies. 

(3)  Deerflies. 


EKLC 


345 


Disease  cycle  with  two  primarv  Mvino  factors 
(Host— Parasite), 


Alr^bome  — Measles,  Pneumonic 
Water^bome—Amebi  asls  Pfaouo 
Food-bo  me  — Typhoid  fever 
Venereal—"  Syphilis 
Arthropod— Rel  ated"-*  Scabi  es 


Host 


Pareslte 


Host 


fever  rickettsiae  in  various  tissues,  and  fleas  with  plague 
bacteria  in  the  gut  cavity. 

Cyclo^evelopmental,  The  parasites  undergo  changes  in 
form  within  the  vector  but  do  not  multiply.  An  example  is 
the  filarial  worm  in  a  vector  mosquito. 

Cyclo-propagative,  The  parasites  undergo  change  in 
form  and  also  multiply  within  the  vector.  Examples  are: 
mrJarial  parasites  in  an  anopheline  mosquito  and 
trypanosomes  (which  causes  Chagas'  disease)  in  a 
triatomine  kissing  i 

Exercises  (600): 
I.  What  is  a  host? 


Figure  1~1.  Host-parasite  cycle. 


The  housefly.  Musca  domestica,  is  probably  the  most 
loathsome  mechanical  transmitter  of  disease.  Throughout 
much  of  the  worid,  people  commonly  see  flics  which  have 
recenUy  bred  or  fed  in  filth,  crawling  over  human  food  and 
dishes  and  even  on  people's  faces.  Scientific  studies  have 
shown  a  close  relationship  between  the  incidence  of 
bacillary  dysentery  and  the  abundance  of  flies  in  a 
community.  Flies  may  also  carr^  the  virus  of  trachoma  from 
one  person  to  another.  Cockroaches  and  vinegar  gnats  arc 
known  to  visit  sewers  or  decaying  food  and  later  feed  on 
human  food  in  houses. 

Biological  Transmission  Methods.  Biological 
transmission  of  disease  occurs  when  the  arthropod  not  only 
transmits  the  microorganisms  from  one  host  to  another  host, 
but  is  essential  to  the  life  history  of  the  parasite. 

When  the  parasite  multiplies,  changes  in  form,  or  passes 
through  part  of  its  life  cycle  in  the  arthropod  vector,  which 
serves  as  an  essential  host,  the  transmission  is  termed 
••biological'*.  There  are  three  basic  types  of  biological 
transmission. 

PropagaHve.  The  parasites  multiply  within  the  vector  but 
undergo  no  change  in  form.  Examples  are;  mosquitoes  with 
encephalitis  or  yellow  fever  viruses  that  multiply  in  the 
cells  of  the  gut  and  the  salivary  glands,  ticks  with  spotted 


Disease  cycle  with  throe  primary  livina  factors 
in  which  man  is  the  principal  or  only  host 
(Host— Par88ite>^Vector). 


Figure  1-2.  Host-parasite-vector  cycle. 


2.  What  is  a  parasite? 


3.  What  is  a  vector? 


4.  When  working  in  a  disease  control  program,  v/hich 
element  of  disease  transmission  should  you  attack? 


How  may  flies  and  cockroaches  transmit  typhoid 
fever? 


6.  What  happens  to  the  parasite  when  a  disease  is 
transmitted  biologically? 


ase  cycle  with  three  prlmaiy  livina  factoi 

In  which  men  Is  an  Incidental  host 
 (Host-Prarslte-Vector), 


Figure  1-3.  Disease  cycles  with  humans  as  incidental  hoste. 
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601.  Associate  certain  mosquito  species  with  diseases 
they  transmit. 

Mosquitoes  and  Their  Significance.  As  we  said  earlier, 
mosquitoes  are  the  most  important  group  of  arthropods  that 
transmit  disease  to  humans.  Because  numerous  species  are 
involved,  there  are  marked  differences  in  their  breeding 
habits,  behavior,  and  dispersal.  Three  genera  are  of 
particular  concern  as  caniers  of  disease:  Anopheles,  Aedes, 
and  Culex,  These  genera  are  shown  in  flgure  1-4. 

Little  was  known  of  the  mosquito's  role  in  the 
transmission  of  disease  until  1877,  when  it  was  discovered 
that  a  filarial  worm  was  transmitted  by  a  mosquito.  The 
transmittal  of  the  worm  was  proven  in  1897  by  a  scientist 
named  Sir  Roland  Ross.  In  1900,  after  years  of  extensive 
experimentation.  Dr.  Carlos  Finlay  and  Walter  Reed 
proved  that  Aedes  aegypti  was  the  vector  (carrier)  of  yellow 
fever. 

Malaria.  The  various  types  of  malaria  £ire  acute  or 
chronic  diseases  caused  by  parasites,  which  are  tiansmitted 
from  person  to  person  by  the  bite  of  Anopheles  mosquitoes. 
Although  there  are  15  Anopheles  species  in  the  United 
Stotes,  only  2  seem  to  be  particularly  important  in  malaria 
transmission:  Anopheles  quadrimaculatus  east  of  the 
Rockies*  and  Anopheles  freeborni  west  of  the  Rockies. 

Yellow  fever.  This  viral  disease  may  be  acute  and  fatal  or 
so  mild  that  infections  are  not  apparent.  The  two 
epidemiological  types,  urban  and  jungle  yellow  fever,  are 
caused  by  the  same  virus,  and  protection  is  given  by  the 
same  vaccine,  but  the  mosquito  vectors  and  vertebrate  hosts 
are  quite  different. 

Urban  yellow  fever.  This  disease  is  transmitted  by  the 
yellow  fever  mosquito,  Aedes  aegypti.  Although  no 
epidemics  have  occurred  in  the  United  States  since  the 
outbreak  at  New  Orleans  iu  1905  and  no  major  epidemic 
has  occurred  in  the  Americas  since  1942,  epidemics  were 
once  reported  for  most  of  the  large  seaports  in  southern 
United  States,  and  sometimes  as  far  north  as  Philadelphia, 
New  York,  and  Boston. 

Jungle  yellow  fever.  This  disease,  also  called  sylvan  or 
sylvatic  yellow  fever,  is  normally  a  disease  of  monkeys  and 
some  other  wild  animals.  The  occasional  human  cases  are 
contracted  when  people  in  the  forest  are  bitten  by  infected 
mosquitoes. 

Dengue.  Dengue,  also  known  as  breakbone  fever,  is  an 
acute,  rarely  fatal  disease  caused  by  a  virus.  It  is 
characterized  by  sudden  onset,  high  fever,  severe 
headache,  backache,  joint  pain,  and  a  rash  appearing  the 
3nl  or 4th  day,  particularly  on  the  hands  and  feet. 

Dengue  fever  is  transmitted  from  person  to  person  by  the 
yellow  fever  mosquito,  Aedes  aegypti.  The  cycle, 
therefore,  is  similar  to  "^hat  of  urban  yellow  fever.  Aedes 
albopictus  is  an  important  vector  in  Hawaii,  the 
Philippines,  and  Southeast  Asia.  Mosquitoes  obtain  the 
virus  fh>m  the  blood  of  infected  persons.  The  virus 
multiplies  in  the  mosquito,  which  becomes  infective  in 
from  8  to  14  days  after  the  infected  blood  meal.  Under 
favorable  temperature  conditions,  the  mosquitoes  remain 
infective  for  the  rest  of  their  lives,  which  may  be  1  or  2 
months  or  more. 

Encephalitis.   A   number  of  arthropod-borne  viral 
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(arbovirus)  diseases  affect  the  central  nervous  system, 
causing  an  encephalitis,  or  inflammation  of  the  brain 
(encephalon).  Eastern  (EE),  Western  (WE),  St.  Louis 
(SLE),  California  (CD),  are  the  types  of  encephalitis 
occurring  in  the  United  States;  each  is  caused  by  different 
viruses. 

Human  cases  of  the  arthropod-borne  encephalitides 
(plural  of  encephalitis)  vary  from  mild,  inapparent 
infections  to  very  severe  illnesses  with  permanent  damage 
to  the  the  nervous  system,  or  even  death.  Horses  may  have 
similar  mild  or  severe  infections  with  EE  and  WE,  whereas 
the  SLE  virus  causes  only  inapparent  infections.  Birds  may 
die  from  encephalitis,  particularly  red-winged  blackbirds, 
house  sparrows,  and  pheasants  infected  with  EE  virus.  The 
basic  transmission  cycle  from  bird  to  bird  is  maintained  by 
mosquitoes  with  the  human  and  horse  cases  considered  as 
accidents  and  dead  end  hosts  in  the  chain  of  infection. 

Eastern  encephalitis.  This  form  is  one  of  the  most  serious 
arbovirus  disease  with  50  to  75  percent  of  the  human  cases 
ending  fatally.  This  disease  is  found  along  the  Atlantic  and 
gulf  coasts  and  inland  in  the  Mississippi  River  Valley  in 
limited  areas.  It  occurs  commonly  in  horses  and  in  game 
fanu  pheasants.  Aedes  sollicitans,  Aedes  vexans,  and 
Mansonia  perturbans  are  suspected  vectors  of  this  disease 
in  the  bird  to  human  cycle. 

Western  encephalitis.  This  disease  is  found  in  al!  of  the 
states  west  of  the  Mississippi  river  as  well  as  in  Wisconsin 
and  Illinois.  WE  virus  has  been  found  in  limited  areas  in  the 
eastern  United  States  in  birds  and  mosquitoes.  More 
encephalitis  was  reported  in  1965  than  at  any  times  since  a 
1941  epidemic,  172  reported  human  cases  occurring 
primarily  in  five  states.  Western  encephalitis  is  generally  a 
milder  disease  than  Eastern  encephalitis,  with  human 
deaths  reported  in  2  to  5  percent  of  the  esses. 

Culex  tarsalis  is  the  most  important  mosquito  vector  of 
Western  encephalitis,  particularly  west  of  the  Mississippi. 
Isolations  of  WE  virus  have  been  made  from  many  species 
of  mosquitoes  and  birds  throughout  the  United  States. 
However,  the  rarity  or  absence  of  Culex  tarsalis  in  the 
Eastern  United  States  may  help  to  explain  the  small  number 
of  cases  of  Western  encephalitis  east  of  the  Mississippi 
river. 

St,  Louis  encephalitis.  This  disease  has  been  found  in  all 
of  the  states  west  of  the  Missis'^ippi  river,  in  the  Ohio  River 
Valley,  in  Florida,  and  iii  the  Camden,  New  Jersey — 
Philadelphia,  Pennsylvania  area. 

Birds  are  considered  to  be  the  main  reservior  of  St.  Lx>uis 
encephalitis  virus,  particularly  house  sparrows,  house 
finches,  and  domestic  pigeons.  St.  Louis  encephalitis  is 
considered  to  be  a  more  serious  disease  than  Western 
encephalitis,  but  less  so  than  Eastern  encephalitis.  The 
majority  of  cases  occur  in  older  people .  Mortality  rates  vary 
from  about  5  percent  to  as  high  as  33  percent,  particularly  in 
people  over  60  years  of  age.  Members  of  the  Culex 
pipiens-quinquefasciatus  complex  are  the  chief  urban 
vectors.  Culex  tarsalis  is  the  chief  vector  in  rural  areas  in 
Western  States.  Culex  nigripalpus  is  the  vector  in  the 
Tampa  Bay  area,  Florida. 

St  Louis  encephalitis  is  the  one  type  of  this  disease 
abundant  enough  in  densely  populated  areas,  as  Houston 
and  Dallas,  to  justify  mosquito  control  as  a  method  of 
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ANOPHELES 


AEDES 


CULEX 


EGGS 


UID  SINOIY      HAS  FLOATS 


LAID  SINGLY 


NO  FLOATS 


LAID  IN  RAFTS 


NO  FLOATS 


LARVAE 


AIR  TUBE 


AIR  TUBE-. 


Rgure  1-4.  Anopheles,  Aedes,  and  Culex  mosquitoes. 
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encephalitis  controL  Cases  of  the  three  other  types  in  the 
United  States,  Eastern,  Western,  and  California,  on  the 
other  hand,  occur  generally  in  small  numbers  over  wide 
areas,  with  lower  human  populations  per  square  nvAc, 
making  it  difficult  to  obtain  funds  to  operate  effective 
encephalitis  programs  by  mosquito  control, 

California  encephalitis  (CE),  This  virus  was  first  isolated 
from  Aedes  melanimon  (originally  identified  as  dorsalis) 
and  Culex  tarsalis  in  California  in  1943  and  1944.  Most 
cases  of  this  disease  are  reported  for  the  Midwestern  States, 
such  as  Ohio,  Indiana,  and  Wisconsin. 

The  CE  virus  differs  from  Western,  Eastern,  and  St. 
Louis  encephalitis  because  mammals  rather  than  birds  act 
as  reservoirs.  This  virus,  or  antibodies  against  the  virus,  has 
been  found  in  a  number  of  small-  and  medium>sized 
mammals,  such  as  snowshoe  hares,  cottontails,  tree 
squirrels,  and  ground  squirrels.  Aedes  triseriaius,  Aedes 
canadensis,  and  Aedes  trivittatus  a!ie  suspected  vectors  of 
this  virus  since  these  species  are  forest-  or  woodland- 
dwelling  mosquitoes  and  most  of  the  human  cases  have 
occurred  in  rural,  forested  areas  where  the  manmial 
reservoirs  live. 

Fiiariasis.  This  disease  as  occurs  in  humans  is  caused  by 
nematodes.  These  nematodes  may  live  in  various  parts  of 
the  lymphatic  system  and  people  may  harbor  them  with  no 
apparent  symptoms,  or  the  filarid  worms  may  cause 
inflammation  and  other  complications.  Prolonged  or 
repeated  infections  may  cause  extreme  enlargement  of 
external  genitalia,  breasts,  or  legs  in  some  people,  and  is 
often  referred  to  as  elephantiasis. 

Filariasis  is  widespread  in  many  tropical  and  subtropical 
regions  throughout  the  world.  In  the  Western  Hemisphere  it 
occurs  in  the  West  Indies,  Colombia,  Venezuela*  Panama, 
and  the  coastal  portions  of  the  Guianas  and  Brazil. 

A  small  endemic  center  existed  for  many  years  near 
Charleston,  South  Carolina,  but  it  has  now  disappeared.  In 
many  parts  of  the  United  States,  Puerto  Ricans  and  other 
people  who  have  recently  left  the  Tropics  may  have  the 
noicrofilariae  circulating  in  their  blood.  However,  the 
disease  is  not  now  known  to  be  naturally  acquired  in  the 
United  States.  Many  species  of  mosquitoes  are  known  to  be 
ci^>able  of  transnutting  filariasis,  though  these  may  not  all 
be  important  in  nature.  Some  important  known  vectors  are 
Culex  quinquefasciatiis,  Culex  pipiens,  Aedes 
polynesiensis,  and  Anopheles  gambiae,  and  mosquitoes  in 
the  genus  Mansonia. 

Exercises  (601): 

1.  Match  the  mosquito  species  in  colunm  A  with  the 
statement  describing  it  in  colunm  B. 

Column  A  Column  B 

  {X)  Aedes  aegypH.  Carrier  of  ycUow  fever. 

  (2)  Anopheles  quadnma^  Transmits  malaria  west  of 

cuiatus.  theRocldes. 

  {3)  Anophelesfreebomi.  Filariasis  vector. 

  (4)  Aedes  soUicitans.  Transmits  malaria  east  of 

  (5)  Culex  tarsalis.  theRocldes. 

  (6)  Culex  nigripalpus.  Suspected  vector  of  Eastern 

  (7)  Culex    quinquefasci-  Enc    '  ^litis. 

atus. 


Column  B 

f.  Vector  of  St.  Louis 
Encephalitis  around  Tampa, 
Florida. 

g.  Most  important  vector  of 
Western  encephalitis. 

1-2.  Mooquito  Development  and  Habits 

For  you  to  control  mosquito  populations  effectively,  you 
need  to  kno^v  how  mosquitoes  develop  from  eggs  to  adults 
as  well  as  how  they  behave  as  adults. 

602.  Identify  the  stages  of  the  development  process  of 
mosquitoes. 

Mosquitoes  have  four  distinct  stages  in  their  life  history: 
the  egg,  larva,  pupa,  and  adult  (see  fig.  1-4).  The  first  three 
stages  occur  in  water,  but  the  adult  is  an  active,  flying 
insect  that  feeds  on  the  blood  of  man  and  animals  or  upon 
plant  juices. 

Eggs.  Eggs  are  white  when  first  deposited  but  become 
daric  within  an  hour  or  two.  In  general,  mosquito  eggs  fall 
into  three  distinct  groups:  (1)  those  laid  singly  on  the  water 
surface;  (2)  those  laid  together  to  form  rafts  which  float  on 
the  water  surface;  and  (3)  those  laid  singly  out  of  the  water. 
These  differences  are  reflected  in  the  structure  of  the  egg. 

Anopheline  eggs  are  laid  singly  on  the  water  surface. 
They  are  elongate  oval,  usually  pointed  at  one  end  and  have 
a  pair  of  lateral  floats  (fig.  1-4).  They  average  about  one- 
half  millimeter  in  length.  Hatching  usually  takes  place 
within  2  or  3  days.  The  eggs  of  Toxorhynchites  are  also  laid 
singly  on  the  water  surface  and  kept  afloat  by  means  of  air 
bubbles  that  form  among  the  spines  of  the  eggshell. 

The  eggs  of  Culex,  and  Mansonia  are  laid  side  by  side  to 
form  a  raft  and  often  contains  1(X)  or  more  eggs.  They 
remain  afloat  on  the  surface  of  the  water  until  hatching 
occurs,  usually  only  a  few  days. 

Eggs  that  are  laid  out  must  be  placed  so  that  the  larvae 
can  readily  reach  the  water  or  they  must  be  able  to  survive 
long  periods  of  drying  until  such  time  as  they  may  be 
flooded.  The  eggs  of  Aedes  aegypti,  Aedes  triseriatus,  and 
edes  orthopodomyia  pre  laid  on  the  sides  of  containers  or 
tree  holes  just  above  the  water  level  so  that  when  the  water 
rises,  the  eggs  hatch.  Other  species  of  Aedes  and  all  species 
of  Psorophora  lay  their  eggs  on  the  ground  where  they 
remain  until  flooding  occurs.  Some  species  may  survive  in 
the  egg  stage  for  3  to  5  years  if  flooding  does  not  occur.  In 
some  cases,  hatching  occurs  as  soon  as  the  eggs  are 
flooded;  thus,  several  generations  per  year  may  occur.  This 
is  typical  of  the  Psorophora  group  and  of  Aedes  vexans  and 
Aedes  sollicitans.  CMjgts  must  be  subjected  to  freezing 
before  they  will  develop;  thus,  there  is  only  a  single 
generation  per  year.  Many  species  of  Aedes  belong  in  this 
group,  including  Aedes  stimulans  and  Aedes  abserratus. 

Larvae.  The  larvae  of  all  mosquitoes  live  in  water:  in 
permanent  ponds  end  marshes,  in  temporary  flood  waters  or 
woodland  pools,  in  water  contained  in  tree  holes,  leaves  of 
plants,  or  artificial  containers.  Mosquitoes  have  adapted 
themselves  to  almost  all  kinds  of  aquatic  situations  except 
flowing  streams  and  the  open  waters  of  large  streams. 
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lakes,  and  seas.  Although  mosquito  larvae  get  their  food 
from  the  water  where  they  live,  they  must  come  to  the 
surface  for  air  or,  as  in  the  case  of  Mansonia,  obtain  air 
from  the  underwater  portions  of  plants. 

The  larval  period  includes  four  developmental  ms 
which  usually  require  4  to  10  days  for  completion.  Ai  the 
end  of  each  instar  the  larva  sheds  its  skin,  or  molt  The 
fourth  instar  is  the  mature  larva  and  with  the  fourth  r  It  the 
pupa  appears. 

Mosquito  larvae  move  about  in  two  ways:  by  jeiics  of  the 
body  and  by  propulsion  with  the  mouth  brushes. 
Movements  of  anopheline  larvae  at  the  surface  are 
generally  of  the  first  type.  The  ''crawling"  movements  of 
^  Heine  larvae  over  the  bottom  and  the  slow  movement  at 
the  water  surface  are  probably  due  to  propulsive  action  of 
the  mouth  brushes.  Mosquito  larvae  assuoie  characteristic 
positions  in  the  water.  Anopheline  larvae  lie  parallel  to  the 
surface,  while  most  other  groups  hang  head  down  with  only 
the  tip  of  the  air  tube  penetrating  the  surface  film.  Although 
larvae  arc  heavier  than  water,  they  can  rest  just  beneath  the 
surface  without  effort.  Certain  nonwetting  structures,  such 
as  the  air  tube  in  the  culicines  and  the  spiracular  plate  and 
palmate  hairs  in  the  anophelines,  serve  to  suspend  them 
from  the  surface  film. 

Many  physical,  chemical,  and  biological  characteristics 
of  water  affect  mosquito  larvae.  These  characteristics 
include  temperature,  light,  movement,  dissolved  gases  and 
salts,  and  other  living  organisms  present.  Vegetation  is 
important  as  protection  for  the  larvae.  Predators,  such  as 
fish  and  insects,  destroy  great  numbers  of  mosquito  larvae. 

The  three  body  regions  of  the  larva,  head,  thorax,  and 
abdomen,  arc  distinct.  The  head  bears  the  antennae,  eyes, 
and  mouthparts.  The  antennae  arc  located  on  each  side 
toward  the  front.  Behind  the  antenna  near  the  hind  margin 
of  the  head  arc  the  eyes.  The  mouthparts  arc  at  the 
underside  of  the  head  near  the  front.  They  consist  of  a  series 
of  brushes  in  addition  to  the  grinding  and  grasping 
structures.  Thus,  the  larvae  is  able  to  strain  out  small 
aquatic  organisms  and  particles  of  plant  and  animal  material 
present  in  the  water.  A  few  predaceous  species  have 
mouthparts  adapted  for  grasping  and  swallov.  ing  their  prey. 

The  thorax  is  broader  than  the  head  or  abdomen  and  is 
somewhat  flattened.  It  has  several  groups  of  hairs  which  arc 
useful  in  identification  of  species. 

The  abdomen  is  long  and  subcylindrical,  consistmg  of 
nine  well-defined  segments.  The  first  seven  segments  arc 
similar,  but  the  eight  and  ninth  arc  considerably  modified. 
The  eighth  segment  bears  the  respiratory  apparatus.  In  the 
anophelines  this  apparatus  consists  of  paired  spiracular 
openings,  while  in  the  other  groups  a  prominent  air  tube  is 
present.  The  ninth  segment  is  out  of  line  with  the  other 
segments  and  bears  two  to  four  membranous  tapering 
appendages  commonly  known  as  anal  gills.  These  anal  gills 
seem  to  serve  more  for  the  regulation  of  osmotic  pressure 
than  for  respiration. 

Pupae.  The  mosquito  pupa  also  lives  in  water  and  is  very 
active.  It  docs  not  feed,  but  it  must  come  to  the  surface  for 
air,  except  in  the  case  of  Mansonia  species  (spp.).  The  pupa 
differs  greatly  from  the  larva  in  shape  and  appearance,  the 
front  part,  consisting  of  the  head  and  thorax »  being  greatly 
enlarged  and  enclosed  in  sheath.  On  the  upper  surface  is  a 


pair  of  respiratory  trumpets.  The  abdomen  consists  of  eight 
freely  movable  segments  with  a  pair  of  paddles  at  the  tip. 

Mosquito  pupae  are  undoubtedly  the  most  active  of  all 
insect  pupae.  Most  species  are  lighter  than  water,  because 
of  an  air  space  between  the  wing  cases  near  the  combined 
head  and  thorax.  By  vigorous  movement  of  the  abdomen, 
the  pupae  move  about  with  considerable  speed,  rising 
directly  to  the  surface  when  movement  stops. 

The  pupal  stage  lasts  from  1  day  to  a  few  weeks,  no 
species  being  known  to  pass  the  winter  as  pupae.  At  the  end 
of  the  pupal  stage,  the  pupal  skin  is  broken  and  the  adult 
works  its  way  out,  crawls  onto  the  surface  of  the  water,  and 
is  soon  ready  to  fly  away. 

Adults.  The  adult  mosquito  (fig.  1-5)  is  a  small  fragile 
insect  with  a  slender  abdomen,  one  pair  of  narrow  wings, 
and  three  pairs  of  long,  slender  legs.  It  varies  in  length  from 
slightly  over  1/16  inch  to  about  1/2  inch.  The  three  body 
regions,  head,  thorax,  and  abdomen,  are  well  defined. 

The  head  of  a  mosquito  is  almost  spherical  and  is  joined 
to  the  thorax  by  a  narrow  membranous  connection.  It  bears 
a  pair  of  large  compound  eyes,  a  pair  of  antennae,  a  pair  of 
palpi  and  the  proboscis.  The  antennae  arise  on  the  front  of 
the  head  between  the  eyes.  They  arc  long,  slender  structures 
with  15  segments,  only  14  of  which  arc  ordinarily  visible. 
Each  of  the  last  segments  bears  a  whorl  of  hairs  that  arc 
short  and  sparse  in  the  females  but  Jong  and  bushy  in  the 
males.  Entomologists  believe  the  antennae  serve  as  organs 
of  hearing  and  smell.  The  palpi  arc  five-segmented 
structures  originating  at  the  lower  front  margin  of  the  head 
near  the  proboscis.  In  anophelines,  the  palpi  of  the  female 
arc  about  as  long  as  the  proboscis,  while  those  of  the  male 
arc  enlarged  at  the  tip.  In  culicines  the  palpi  of  the  females 
are  short,  while  those  of  the  male  arc  usually  long,  densely 
haired,  and  pointed.  The  proboscis  projects  downward  and 
forward  from  the  lower  front  margin  of  the  head.  It  consists 
of  a  labium  or  sheathlike  structure  enclosing  a  group  of  six 
stylets.  The  labium  serves  as  a  protective  sheath  for  the 
stylets,  but  does  not  enter  the  wound  when  the  mosquito  is 
biting.  The  stylets  serve  to  penetrate  the  skin  of  the  host 
ammal  and  also  form  a  small  duct  through  which  saliva  is 
injected  into  the  wound,  as  well  as  a  canal  through  which 
liquid  food  is  drawn.  The  mouthparts  of  the  male  aren't 
strong  enough  to  pierce  human  or  animal  skin,  so  they  feed 
on  plant  juices  instead  of  blood. 

The  thorax  or  middle  region  of  the  body  bears  the  wings 
and  legs.  The  upper  surface  of  the  thorax  or  mesonotum  is 
covered  with  coarse  hairs  or  scales  and  bears  several  groups 
of  hairs  or  bristles  used  for  identification  purposes.  The 
long  slender  legs  arise  from  the  lower  sides  of  the  thorax. 
Each  le^5  consists  of  a  short  conical  coxa,  a  small  hingelike 
trochancer,  a  sioMi  femur,  a  long  slender  tibia,  and  a  five- 
segmented  tarsus.  The  firsi  segment  of  the  tarsus  is  the 
longest  and  is  often  equal  to  the  tibia  in  length.  The  fifth 
tarsal  seg^nent  bears  a  pair  of  small  claws.  The  legs  are 
covered  with  scales  of  varying  colors,  forming  patterns 
which  arc  often  useful  in  separation  of  species.  The  wings 
are  long  and  narrow  with  venation.  The  veins  are  covered 
with  scales,  often  of  varying  colors  which  may  form 
definite  patterns.  The  hind  margin  of  the  wing  also  has  a 
close-set  row  of  long,  slender,  fringe  scales.  A  pair  of  small 
knobbed  structures  known  as  halteres  is  found  behind  and 
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Figiire  1-5.  Adult  female  mosquito. 


Slightly  below  the  wings.  They  vibrate  rapidly  when  the 
mosquito  is  in  flight  and  serve  as  organs  of  equilibrium. 

The  elongate  abdomen  is  nearly  cylindrical  and  has  10 
segments,  only  8  of  which  are  readily  visible.  The  9th  and 
10th  segments  are  greatly  modified  for  reproductive 
functions.  North  American  species  of  Anopheles  have  no 
scales  on  the  upper  surface  of  the  abdomen.  In  the 
cuUicines,  the  abdomen  is  covered  with  scales  which  often 
form  characteristic  markings.  In  Aedes  and  Psorophora,  the 
female  abdomen  '^s  tapered,  with  the  eight  segment 
withdrawn  into  the  seventh.  In  other  genera  in  the  United 
States  the  abdomen  is  bluntly  rounded  at  the  apex.  The 
terminal  segments  of  the  male  abdomen  are  greatly 
modified  for  mating.  These  structures  are  often  of  value  in 
ification  of  the  species . 


-ises(602): 

osquitocs  have 
e  history;  the  . 
and  . 


distinct  stages  in  their 


2,  Anopheline  eggs  are  laid 
surface. 


on  the 


3.  Eggs  which  are  laid  out  of  the  water  must  be  placed  so 
the  larvae  can  ♦ 


4.  Some  species  may  survive  in  the  egg  stage  for  how 
many  years  and  under  what  conditions? 


5.  The  eggs  of  some  species  must  be  subjected  to 
 before  they  will  develop. 
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6.  The  larvae  of  all  mosquitoes  live  in 


7.  Mosquitoes  have  adapted  themselves  to  almost  all 

kinds  of  aquatic  situations  except  

and 


8.  What  are  the  water  characteristics  that  affect  mosquito 
larvae? 


9.  Mosquito  larvae  have  three  distinct  body  regions,  list 
them. 


10.  The  head  bears  the 


,  and 


1 1 .  The  thorax  is  broader  than  the 
and  is  somewhat 


or 


12.  The  abdomen  is  long  and  subcylindrical,  consisting  of 
 well-defined 


13.  The  mosquito  popa  lives 


and  is 


14.  How  long  does  the  pupal  stage  last? 


603»  Identify  the  general  habits  of  adult  mosquitoes. 

General  Habits  of  Adult  Mosquitoes.  About  equal 
numbers  of  male  and  female  mosquitoes  are  produced. 
Males  usually  emerge  first  and  remain  near  the  breeding 
places,  mating  with  the  females  soon  after  their  emergence. 
Only  the  females  bite  and  most  (but  not  all)  species  require 
a  blood  meal  before  they  can  lay  fertile  eggs.  Females  tend 
to  travel  further  and  live  longer  than  males. 

Flight  habits  vary  considerably.  Aedes  aegypti,  probably 
the  most  domesticated  of  all  mosquitoes,  breeds  mainly  in 
and  around  human  habitations  and  flies  short  distances, 
usually  a  "bloclc"  or  about  100  yards.  Most  anophelines 
have  a  maximum  flight  range  of  about  I  mile.  However, 
other  species,  such  as  Aedes  vexans  and  Aedes  soUicitans 
can  fly  10  to  20  miles  or  more. 

Mosquitoes  also  differ  greatly  as  to  their  preferred  hosts, 
some  species  feeding  on  cattle,  horses,  or  other  domestic 
animals,  while  others  prefer  humans.  A  few  species  feed 
only  on  cold-blooded  animals  and  some  subsists  entirely  on 
nectar  or  plant  juices.  Some  are  active  during  the  daytime 
and  others  only  at  night. 

The  female  mosquito  needs  2  days  or  more  to  digest  the 
blood  meal  she  has  ingested,  lay  a  batch  of  eggs,  and  then 
seek  another  blood  meal.  This  cycle  of  feeding,  laying 
eggs,  and  feeding  again  may  be  repeated  four  or  five  times 
or  more  in  the  time  between  the  first  blood  meal  and  the 
later  one  (10  to  14  days  afterward)  when  the  mosquito  is 
infective  and  can  pass  on  parasites  which  have  developed  in 
her  body. 

Our  understanding  of  the  lifespan  of  adult  mosquitoes  is 
poor.  Some  species  apparently  live  1  or  2  months  during  the 
sununer,  although  under  unfavorable  conditions  this  time 
may  be  greatly  reduced.  Adults  that  hibernate  may  live  for 
6  months  or  more. 

Exercises  (603): 

Place  the  letter  **T"  in  front  of  the  correct  statements. 
Correct  any  false  statements. 

  1 .  There  are  more  female  than  male  mosquitoes. 


15.  Etescribe  the  adult  mosquito. 


  2.  Males  ordinarily  emerge  first. 


16.  The  head  of  a  mosquito  is  almost   and  is 

joined  to  the  thorax  by  a  narrow  connection. 


  3.  Males  usually  leave  the  breeding  places  soon  after 

emergence. 


17.  The  thorax,  or  middle  region  of  the  body,  bears  the 

  and 


 4.  Males  mate  with  females  soon  after  emergence. 


5.  Only  females  bite. 
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6.  All  species  require  a  blood  meal  before  they  can  lay 
fertile  eggs. 


7.  Flight  habits  vary  considerably  and  distances  range 
from  several  feet  to  as  much  as  20  miles. 


 8.  Mosquitoes  show  no  preference  as  to  their  host. 


9.  The  female  mosquito  requires  2  days  or  more  to 
digest  a  blood  meal,  lay  a  batch  of  eggs,  and  seek 
another  blood  meal. 


10.  Hibernating  mosquitoes  may  live  as  long  ar-  6 
months  or  more. 


1-3.  Important  Mosquito  Species 

As  you  should  know  by  now,  the  most  important  species 
of  mosquitoes  are  in  the  genera  Anopheles,  Aedes,  and 
Culex.  We  can  also  add  to  these  genera  Masonia,  and 
Coquilletidia.  Your  knowledge  of  several  genera  of  these 
species  is  important  if  you  are  to  effectively  manage  them 
for  medical  c  r  nuisance  reasons.  As  you  progress,  you'll 
come  to  recognize  the  importance  of  properly  surveying 
and  identifying  mosquitoes  so  your  controls  will  meet  your 
needs  as  safely  and  effectively  as  possible. 

604.  List  the  general  features  you  should  look  at  to 
identify  various  genera  of  mosquitoes,  and  solve 
problems  on  mosquito  identification  based  on  given 
information. 

Important  Aedes  Mq^jquitoes.  The  genus  Aedes 
contoins  more  than  500  species  scattered  from  the  polar 
regions  to  the  Tropics.  Almost  half  of  all  North  American 
mosquitoes  belong  to  this  genus,  which  includes  many  of 
the  major  pest  species  as  well  as  important  disease  vectors. 
There  are  some  60  species  of  Aedes  known  from  the  United 
States,  of  which,  about  40  may  be  rather  conunon,  at  least 
in  certain  regions.  In  general,  itic  Aedes  mosquitoes  assume 
greater  importance  as  onv.  goes  from  the  Tropics  northward. 
In  the  northern  United  States,  as  well  as  in  Canada  and 
Alaska,  many  species  of  Aedes  occur  and  are  often  present 
in  huge  numbers.  Refer  to  figure  1-6  during  the  follov.ing 
discussion.  Also,  tables  1-1,  1-2,  and  1-3  are  included  here 
to  help  you  study  and  compare  the  various  mosquitoes 
discussed  in  this  and  the  next  three  lessons. 

Aedes  aegypd.  This  mosquito  is  commonly  called  yellow 
fever  mosquito.  It  is  a  small,  daric  species  that  you  can 
recognize  by  the  lyre-shaped  silvery-white  lines  on  the 


thorax  and  by  the  white  bands  on  the  tarsal  segments.  It 
vectors  urban  yellow  fever  and  dengue.  It  is  a  pest  of  some 
significance  when  it  occurs  in  large  numbers. 

This  species  has  a  limited  distribution  within  the  United 
States.  It  occurs  in  the  Southeastern  and  Southern  States, 
extending  northward  to  North  Carolina,  Tennessee,  and 
Arkansas. 

Aedes  aegypti  is  semidomesticated,  breeding  almost 
exclusively  in  artifical  containers  in  and  jiround  human 
habitations.  The  eggs  are  laid  singly  on  the  sides  of  the 
container  at  or  .*ibove  the  waterline,  or,  less  commonly,  on 
the  water  surface.  They  are  able  to  withstand  drying  for 
several  months  and  hatch  quickly  when  the  container  is 
again  filled  with  water.  Hatching  may  take  place  in  2  or  3 
days  if  temperatures  are  high.  Typical  breeding  places  are 
flower  vases,  tin  cans,  jars,  discarded  automobile  tires, 
unused  water  closets,  cisterns,  rain  barrels,  and  sagging 
roof  gutters.  Aedes  aegypti  breed  also  in  tree  holes,  their 
traditional  breeding  site.  Under  favorable  conditions,  the 
larvae  complete  their  development  in  about  6  to  10  days,  or 
in  much  longer  periods  in  cool  weather.  The  pupal  period  is 
normally  about  2  days.  The  life  cycle  may  be  completed  in 
10  days,  although  it  may  vary  up  to  3  weeks  or  more.  It 
breeds  throughout  the  year  in  the  Tropics  with  generations 
succeeding  each  other  rapidly.  In  the  Southern  United 
States,  the  reproduction  rate  slows  down  during  the  winter, 
and  the  eggs  niay  remain  dormant  for  several  weeks  or 
months.  This  species  is  very  susceptible  to  cold  and  does 
not  survive  the  winter  except  in  the  Southern  United  States. 

The  adults  apparently  prefer  the  blood  of  humans  to  that 
of  other  animals.  It  readily  enters  homes,  even  those  that 
are  well  screened.  Aedes  aegypti  bites  mainly  in  the 
moming  and  late  afternoon.  It  attacks  quietly,  preferring  to 
bite  around  the  ankles,  under  coat  slee  'es,  or  at  the  back  of 
the  neck,  often  becoming  a  troublesome  pest.  The  adults 
appear  to  be  rather  long-lived  as  they  live  4  months  or  more 
in  the  laboratory.  Their  flight  range  is  normally  about  100 
feet  to  100  yards,  but  long  distances  nave  been  recorded. 

Aedes  canadensis.  This  dark  mosquito  has  the  tarsi 
banded  with  white  at  both  ends  of  the  segments.  It's  widely 
distributed  in  the  U.S.,  being  particularly  common  in  the 
Northern  States.  It  is  often  a  serious  pest  in  woodland 
situations  but  rarely  migrates  far  from  its  breeding  places. 
California  encephalitis  has  been  found  in  this  species. 

Aedes  canadensis  is  one  of  the  first  mosquitoes  to  appear 
in  early  spring.  The  larvae  breed  in  woodland  pools  filled 
with  melting  snows  or  by  spring  rains.  This  mosquito 
prefers  pools  with  a  bottom  of  dead  and  decaying  leaves, 
although  it  may  also  be  found  in  roadside  puddles,  sink 
holes,  and  wooded  swamps.  There  may  be  more  than  one 
generation  per  year  and  the  adults  live  for  several  months. 

Aedes  dorsalis.  This  mosquito  is  medium  sized  and 
varies  in  color  from  dark  brown  to  a  whitish  straw  color. 
The  upper  surface  of  the  abdomen  is  marked  with  a 
longitudinal  stripe  of  pale  scales  and  the  hind  tarsi  are 
banded  with  yellowish  scales  at  both  ends  of  the  segments. 
Aedes  dorsalis  is  a  severe  pest  of  humans  and  cattle 
throughout  the  arid  and  semiarid  regions  of  Western  United 
States.  It  occurs  over  most  of  the  country,  but  it  is  rare  and 
unimportant  in  the  Eastern  and  Southern  States.  Aedes 
melanimon  is  very  similar  to  Ae  dorsalis  in  the  West. 
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Figure  1-6.  Equipment  for  mosquito  surveys. 


The  larvae  develop  in  the  salt  marshes  of  the  Pacific 
Coast  and  in  irrigation  and  flood  waters  of  the  interior  It 
commonly  breeds  in  irrigated  pastures  and  waste  water 
pools.  Several  broods  are  produced  each  year  in  iirigated 
areas,  a  brood  following  each  flooding. 

The  females  of  Aedes  dorsalis  are  vicious  biters  They 
attack  day  or  night,  being  particularly  active  in  the  evening 


or  on  calm,  cloudy  days.  They  are  strong  fliers  and 
occasionally  migrate  in  large  broods.  They  are  commonly 
found  10  miles  ftiom  their  breeding  places;  a  flight  of  22 
miles  has  been  recorded  in  Utah.  The  females,  and  at  times 
the  males,  may  be  taken  in  great  numbers  in  light  traps' 
Overwintering  takes  place  in  the  egg  stage,  moreover  the 
eggs  may  remain  viable  for  several  years. 
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TABLE  1-1 
IMPORTANT /1£D£S  MOSQUITOES 


SCIENTIFIC/COMMON 
NAHES 

MAIN  FEATURES 
(ADULT) 

REGIONS 
OCCUPIED 

BREEDING 
AREAS 

DEVELOPMENT  TIME 

FLIGHT 
RANGE 
(HPICAL) 

OTHER 

EGG 

LARVA 

PUPA 

Aedes  aegypti 

Yellow  fever 

mosquito 

Lyre-shaped  silver 
markings  on  thorax, 
white  bands  on 
tarsal  segments i 

Southern  and 
Southeastern 
U.S. 

Tree  holes* 

Artlfical 

Containers. 

days 

6-10 
days 

2 

days 

100-300 
feet 

Adults 
prefer 
human 
blood. 

Aedes  canadensis 

Tarsi  are  banded 
with  white  at  both 
ends  of  segments i 

Widely  distrib- 
uted, mainly  in 
northern  U.S. 

Woodland  pools 
with  melting 
suow  or  spring 
rains. 

Over 
winters 
in  this 
stage. 

Limited 

One  of 
the  first 
mosq.  to 
appear  In 
early 
spring 

Aedes  dorsalls 

Upper  surface  of 
abdome  marked  with 
longitudinal  stripe. 
Hind  tarsi  banded. 

Alrd  and  seml- 
arad  regions  of 
western  U.S. 

Sale  marshes 
of  the  Pacific 
coast. 

Over- 
winters 
in  this 
stage. 

100  or 

Severe 
pest  of 
adults  and 
cattle. 

Aedes  solUcltans 
Salt  marsh 
mosquito 

Golden  color  on 
upper  thorax. 
White-yellow 
stripe  on  abdomen. 

Atlantic  and 
Gulf  coastal 
plains  from 
Maine  to  Texas 

Where  brackish 
waters  are 
available 

2-14 

dayp, 
Hatch 
quickly 
when  wet. 

uwVei 
ten  ( 

to 
ays 

5-10 

miles  or 
more 

Fierce 
biters, 
attack 
even  in 
daylight 

Aedes  Taenlorhynchys 
Black  salt  marsh 
mosquito 

White  crossbands  on 
abdomen.  White  rings 
on  tarsi  and 
proboscis. 

Coastal  plains 
from  Massach- 
usetts to  Texas 
ana  b.  caiiiornia 

Fresh-vater 
pools  near 
salt  marshes. 

4  miles 

Strong 

fliers, 

biters. 

Aedes  Trlserlatus 
Tree-hole 

Blue-black  with 
Silvery-white 
scales  on  thorcK 
and  sidas. 

Most  of 
eastern  U.S. 

Old  tree  holes, 

artlfical 

containers. 

Nearly 

)ne  month 

.5-1.0 

Painful 
bites. 

Aedes  Trlvlttatus 

Upper  surface  of 
thorax  marked  with 
two  conspicuous 
whitish  stripes. 

Widely  distri- 
buted in  North- 
ern U.S.  from 
Main  to  Idaho. 

Flood'water 
pools  and 
temporary  rain 
pools. 

Unknown 

Eight 

days. 

Limited 

Fierce 
biters. 

Aedes  nlgromaculls 

Yellowish-white 
longitudinal  stripe 
on  upper  abdomen. 
White  banded  tarsi. 

Throughout  the 
western  plains, 
from  Minnesota 
and  Texas 
to  Calif. 

Open  sunlit 
pools  of  waste 
irrigation, 
other  intermit, 
-tent  water. 

2-6  days 
upon 

flooding 

1 

miles 

napiQiy 
replacing 
Ae.dorsalls 
in  open, sunlit 
pools. 

cn-141 
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TABLE  1-2 
IMPORTANT  ANOPHEl£S  AND  CVl£X  MOSQUTTOES 


SCIENTIFIC/C(»M0N 
NAMES 

MAIN  FEATnnkQ 
(ADULT) 

OCCUPIED 

BREEDING 
AREAS 

DEVELOPHEHT  TIKE 

FLIGHT 
RANGE 
(TYPICAL) 

OTHER 

EGG 

LARVA 

PUPA 

AnoDhelea 
quadriaaculatus 
Comon  aalaria 
nnaqulto 

faiiiy  iaige  wicn 
4  dark  spots  near 
center  of  each 
wing. 

Ktstem  half  of 
U,S, 

Glean,  partially 
shaded  water 
with  sotte 
vegetation. 

30  to 

35  d&ys. 

0,5  to  1.0 
mile. 

Host  import 
tant  vector 
of  lalarla 
in  U.S. 

Anophelea 

frejiborn; 
NeBteni  naxana 

iDOsqulto 

Slndlar  to 
above 

Most  of  the 
area  west  of 
Continental 
Divide. 

Clean,  clear, 
slightly  a?bline 
waters,  partially 
exposed  to  sun* 

1-2 
miles 

Culex  plpena  . 
northern  house 
mosquito 

Brown  with  white 
crossbands  on 
abdoi&en*  Medium 
in  size, 

Throughout  the 
northern  U,S, 
as  far  South  as 
Oklahoma  and 
Georgia* 

Practically  all 
types  of  artifi- 
cial containers, 
plus  storm  sewer 
catch* 

1-2 
days 

8  to  1 

)  days 

limited, 

except 

wher 

lar;  - 
mb  are 
i'  sVed* 

not  a 

severe  pest 
to  people; 
'sings". 

Culex  quln^ucfascia- 

tU8 

Southern  house 

Similar  to  above , 
difficult  to  distin- 
guish between  the 
two. 

All  southern 
states  coast* 
to-coasty  plus 
Nebraska,  Iowa» 
Ohio  and 
Illinois. 

Basins,  poorly 
dralnes  street 
gutter,  etc. 

1-2 
days 

I 

8  to  1 
1  warm  weat 

)  days 
ler 

Same  as 
above 

Severe 
pest  to 
people; 
"sings," 

Culex  Tarsalis 

Dark  with  white 
bands  at  each 
end  of  tarsal 
segments, 

Widely  distrib- 
uted west  of 
the  Mississippi 
River. 

Water  flowing 
from  cesspools, 
high  In  organic 
waste. 

less 
than 
2  days 

[)evelop  rap 

Idly 

Imlle 

Large  no.* a 
caught  in 
light  traps 
Birds  are 
preferred 
hosts. 
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TA31E 1-3 
MISCELLANEOUS  MOSQUITO  SPECIES 


SCIEirriFIC/COMMON 
NAMES 

MAIN  FEATURES 

REGIONS 

BREEDING 
AREAS 

DEVELOPMENT  TIME 

FLIGHT 
RANGE 
(TYPICAL) 

OTHER 

LARVA 

PUPA 

Psorophora 
conflnnl3 

(Florida; 

Medium  to  large » 
narrow  white  ring 
n^Ar  aoex  of  the 
hind  femur  1 

Throughout  the 
southern  U.Sm 
and  northward  to 
Nebraska 1  Iowa 
and  New  York 

Temporary  rain 
pools,  irriga^^ 
tlon  waters, 
and  seepage 
pools. 

Overwin- 
ters in 
this 
stage 

days 

1-2 

^^.iys. 

Up  to 
10  miles 

Eggs  laid 
on  ground, 
subject  to 
flooding. 

Psoiophora 

1 

! 

Urge,  yellowlBh- 
brown  with  fihaggy 
legs* 

Tlirough  the 
eastern  U.S. 

Temporary  pools 
often  in  associa* 
tlon  with  P. 
confinnls  and 
Ae.  vexans. 

Very 

jhort 

Severe  day- 
time and 
night  time 
pest  in 
large  no.*s 

CoqulUettldla 
perturbans 

Largei  speckled 
with  pale  band  on 
outer  third  of  hind 
femur  and  tibia. 

Most  of  eastern 
U.S.,  and  some 
Facitxc  diaces. 

Marshes  1  ponds, 
and  lakes  with 

vegetation. 

Several 
months. 

5-6 
days 

1-2 
miles. 

1  gener- 
ation per 
year. 
Adults 
emerge  In 
spring  & 
summer 

Mansonla 
TitlUanfl 

Similar  to 
above. 

Florida  and 
South  Texas. 

Similar  to 
above. 

1-5 
miles. 

35? 


Aedes  soUicUans.  The  salt-marsh  mosquito,  Aedes 
sollici(<ms,  is  the  most  important  of  the  salt-marsh  species 
and  one  of  the  most  severe  mosquito  pests  known.  It  occurs 
along  the  Atlantic  and  Gulf  Coastal  Plains  from  Maine  to 
Texas  and  has  been  reported  from  many  inland  areas  where 
brackish  waters  are  available.  Such  inland  records  include 
New  Yoric,  Indiana,  Kentucky,  Illinois,  Oklahoma, 
Arkansas,  and  New  Mexico.  You  can  recognize  the  adults 
by  the  golden  color  of  the  upper  side  of  the  thorax  and  a 
longitudinal  stripe  of  white  or  yellowish-white  scales  on  the 
abdomen.  The  proboscis  and  tarsi  also  have  wide  pale 
bands.  The  eggs  of  this  species  are  laid  on  the  mud  of 
marshes  and  remain  until  flooded  by  high  tides  or  rains. 
Breeding  generally  occurs  on  the  parts  of  the  marsh  not 
covered  by  daily  tides;  usually  potholes  and  depressions  of 
various  sizes  are  used,  but  sometimes  they  occur  over 
extensive  level  areas.  The  eggs  must  remain  dry  for  at  least 
24  hours  before  they  will  hatch.  After  having  been  dry  for  a 
week  or  two,  they  hatch  within  a  few  minutes  when  covered 
with  water.  E>evelopment  of  the  larval  and  pupal  stages 
requires  7  to  10  days  during  warm  weather.  Several 
generatic  is  can  be  produced  each  year. 

The  adults  of  Aedes  sollicitans  are  strong  fliers  and  often 
migrate  in  large  swarms  from  the  marshes  to  cities  and 
towns  many  miles  away.  They  very  commonly  fly  5  to  10 
nules  and  may  travel  up  to  40  miles  or  more.  The  migratory 
flights  begin  just  before  dark  and  may  include  huge 
numbers  of  mosquitoes.  During  the  day  they  rest  among  the 
grasses,  though  they  will  readily  attack  anyone  who 
disturbs  them,  even  in  fiill  sunlight.  They  are  fierce  biters 
and  may  literally  drive  a  person  from  the  marsh  areas. 
Fortunately,  they  don*t  often  come  indoors.  They  have  been 
a  very  severe  deterrent  to  the  development  of  some  of  the 
coastal  resort  areas.  They  are  often  collected  in  light  traps 
in  great  numbers. 

Aedes  taeniorhynchus.  The  black  salt-marsh  mosquito 
has  crossbands  of  white  scales  on  the  upper  side  of  the 
abdomen  and  white  rings  on  the  proboscis  and  tarsi.  This 
mosquito  is  found  on  the  coastal  plains  from  Massachusetts 
to  Texas  Fiid  on  the  Pacific  coast  in  southern  California.  It 
has  also  been  reported  from  certain  inland  areas  around  salt 
pools  in  oil  fields.  It  is  the  most  abundant  and  troublesome 
salt-marsh  species  along  the  south  Florida  coasts  and  may 
be  a  severe  pest  as  far  north  as  New  Jersey. 

The  breeding  habits  are  similar  to  those  of  Aedes 
sollicitans,  though  it  also  breeds  in  freshwater  pools  near 
the  salt  marshes.  The  adults  are  strong  fliers  a:;d  fierce 
biters.  They  are  active  mainly  at  night  and  are  suspected 
vectors  of  California  encephalitis.  They  may  be  very 
annoying  in  the  shade  during  the  day,  but  are  less  likely 
than  Aedes  sollicitans  to  attack  in  bright  sunlight.  The  flight 
range  for  most  females  is  about  4  miles. 

Aedes  triseriaius.  The  tree-hole  mosquito  is  blue-black 
in  appearance  with  silvery-white  scales  at  the  sides  of  the 
thorax.  It's  found  throughout  most  of  eastern  United  States. 
It  breeds  principally  in  tree  holes,  old  tires,  tin  cases, 
barrels,  and  other  artificial  containers.  Because  the  bite  is 
painftil,  this  species  can  be  troublesome  in  the  woods.  It  is 
suspected  of  carrying  California  encephalitis.  Adults 
apparently  don't  wander  far  from  their  breeding  places. 
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Larval  development  is  rather  slow,  as  nearly  a  month  is 
required  to  reach  maturity. 

Aedes  trivUtaius.  This  species  is  widely  distributed  in 
Noithem  United  States  from  Maine  to  Idaho.  It  has  been 
taken  as  far  South  as  Georgia,  Louisiana,  and  Arizona.  It  is 
a  fierce  biter  and  an  extremely  annoying  pest  in  some  of  the 
Noithera  States.  It  is  a  suspected  vector  of  California 
encephalitis.  The  upper  surface  of  the  thorax  has  two 
conspicuous  whitish  stripes. 

The  larvae  are  mostly  found  in  flood-water  pools  and 
temporary  rain  pools.  The  young  larvae  feed  at  the  surface 
of  the  water,  but  the  later  instars  spend  most  of  their  time 
concealed  in  the  vegetation  at  the  bottom  of  the  pool.  This 
is  possibly  why  larvae  are  seldom  found  even  though  adults 
may  be  present  in  large  numbers.  Emergence  of  adults 
begins  about  8  days  after  the  egjgs  hatch.  The  adults  rest 
among  grasses  and  other  vegetation  during  the  day.  They 
will  bite  when  dismrbed,  but  are  especially  active  in  the 
evening.  They  apparently  don't  migrate  far. 

Aedes  nigromaculis.  This  medium-sized  dark  mosquito 
has  a  longitudinal  line  of  yellowish-white  scales  on  the 
upper  surface  of  the  abdomen.  It  has  bands  of  white  scales 
at  the  base  of  the  tarsal  segments  but  not  at  the  apex.  This 
species  is  an  important  pest  mosquito  throughout  the 
western  plains,  extending  from  Miimesota  west  to 
Washirigton  and  south  to  Texas  and  Mexico.  During  recent 
years  it  has  assumed  great  prominence  in  the  irrigated 
pastures  of  the  West,  especially  in  the  Central  Valley  of 
California.  The  remarkable  spread  of  this  species  is 
indicated  by  the  fact  that  it  was  not  known  fttim  California 
until  1937.  It  now  occurs  over  most  of  the  State  at  the  lower 
elevations  and  is  rapidly  replacing  Ae.  dorsalis  in  open 
sunlit  pools  of  waste  irrigation  and  other  intermittent  water. 

This  species  has  proved  to  be  extremely  well  adapted  to 
pasture  irrigation.  The  eggs  will  hatch  within  2  to  6  days 
after  they  are  deposited,  if  flooding  occurs.  It  is  able  to 
produce  a  brood  following  each  irrigation,  which  is  usually 
at  intervals  of  8  to  12  days  in  the  Central  Valley  of 
California.  Under  favorable  conditions,  a  brood  may  be 
produced  within  5  days,  and  as  many  as  20  bitxxls  can  be 
produced  in  one  season.  In  most  areas  of  the  San  Joaquin 
Valley,  Ae.  nigromaculis  is  now  the  number  one  pest 
problem,  and  is  present  in  huge  numbers.  For  example,  a 
light-trap  operating  for  3  nights  near  an  irrigated  pa^rare 
collected  almost  a  gallon  of  mosquitoes,  predominantly  Ae. 
nigromaculis.  As  many  as  20  million  eggs  of  this  species 
may  be  found  in  a  single  acre  of  irrigated  pasture. 

The  adult  is  a  severe  pest  of  man  and  animals,  it  attacks 
readily  and  inflicts  a  painful  bite.  It  will  bite  during  the 
daytime  but  is  most  active  during  the  evening  hours.  It  is  a 
strong  flier  and  may  migrate  several  miles  ftx)m  its  breeding 
ground.  The  winter  is  passed  in  the  egg  stage. 

Exercises  (604): 

1 .  Based  on  species  descriptions  in  the  text,  what  general 
features  should  you  inspect  to  determine  the  genus  of 
an  adult  mosquito? 
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2.  What  mosquito  species  would  you  expect  to  find  if  you 
encountered  the  following  situations? 

a.  At  a  southern  California  base,  mosquitoes  are 
greatly  aggravating  base  personnel  and  appear  to 
be  conung  from  freshwater  pools  about  3  miles 
from  the  base. 


b.  At  a  Southern  U.S.  base,  mosquitoes  breeding  in 
tree  holes  just  off  base  are  inflicting  painful  bites 
to  base  residents. 


c.  After  spring  rains  at  a  Northern  U.S.  base, 
populations  of  mosquitoes  are  increasing  rapidly. 


d.  Base  residents  at  an  east  coast  base  complain  of 
being  bitten  by  mosquitoes  even  during  daylight 
hours. 


e.  At  a  western  base  surrounded  by  irrigated 
pastures,  residents  are  reporting  severe  mosquito 
bites  both  in  the  daytime  and  at  night. 


605.  Given  speeiflc  characteristics,  difterentiate 
between  species  of  Anopheles  quadrimaculaius  and 
Anopheles  freebomi. 

Important  Anopheles  Mosquitoes.  Anopheles 
mosquitoes  are  distributed  throughout  the  United  States, 
one  or  more  species  being  present  in  every  state.  Most  have 
spotted  wings.  The  females  are  easily  distinguished  from 
other  genera  in  that  they  have  palpi  about  the  same  length  as 
the  proboscis.  With  Aedes  and  Culex  mosquitoes,  the  palps 
are  shorter  than  the  proboscis.  Anopheles  mosquitoes  can 
usually  be  distinguished  also  by  their  resting  position.  They 
rest  with  the  head,  thorax,  and  abdomen  in  a  straight  line 
normally  at  an  angle  of  from  40°  to  90*"  while  other  genera 
rest  nearly  parallel  to  the  surface. 

Anopheles  quadrimaculaius.  This  fairiy  large,  dark- 
brown  mosquito  has  four  daric  spots  near  the  center  of  each 
wing.  The  palpi  and  tarsi  are  entirely  dark. 

This  is  the  most  important  vector  of  malaria  in  the  United 
States.  It's  frequently  found  in  houses,  and  is  more  likely  to 
attack  humans  than  any  other  anopheline  of  the  United 
States,  with  the  possible  exception  of  Anopheles  freebomi. 
Studies  have  shown  that  about  S  perc^t  of  the  meals  are 
human  blood.  Anopheles  quadrimaculatus  has  probably 
bten  responsible  for  vectoring  almost  all  human  nudaria 
east  of  the  Rocky  Mountains.  The  bites  are  less  painful  than 


those  of  many  other  species  of  mosquitoes  and  often 
unnoticed. 

This  species  is  found  from  the  southeastern  U.S. 
northward  to  southern  Quebec  and  Ontario  and  westward  to 
the  Dakotas,  central  Nebraska,  Kansas,  Oklahoma,  and 
Texas.  It  has  been  of  greatest  importance  in  the  South 
Atlantic  and  Gulf  Coastal  Plains  and  The  lower  Mississippi 
River  Valley.  It  may  also  be  abundant  at  times  in  areas  as 
far  north  as  Minnesota,  Michigan,  New  York,  and  New 
England. 

Anopheles  quadrimaculaius  breeds  chiefly  in  permanent 
freshwater  pools,  ponds,  and  swamps  with  aquatic 
vegetation  or  floating  debris.  lt*s  most  abundant  in  shallow 
waters.  In  some  areas  it  appears  to  favor  open,  sunlit  waters 
while  in  others  it  is  found  in  densely  shaded  swamps.  This 
species  shows  a  preference  for  clear,  quiet  waters  neutral  to 
alkaline  (it  does  not  usually  occur  where  the  pH  is  lower 
than  six). 

Anopheles  quadrimaculatus  larvae  can  withstand  rather 
low  temperatures,  but  they  do  not  complete  their 
development  at  temperatures  below  50*"  to  55*"  F.  and  no 
appreciable  development  takes  place  until  the  water 
temperature  reaches  65*"  to  70**  F.  Even  at  these 
temperatures,  from  30  to  35  days  may  be  needed  for  the 
aquatic  stages  to  develop.  The  most  favorable  temperature 
for  the  development  of  Anopheles  quadrimaculatus  is 
between  85**  to  90*"  F.  at  which  only  about  8  to  14  days  are 
required. 

The  males  emerge  first,  remaining  near  the  breeding 
places  and  mating  with  females  soon  after  their  emergence. 
This  often  happens  during  their  first  day,  either  before  or 
after  the  first  blood  meal.  A  female  may  mate  repeatedly, 
although  one  mating  is  sufficient  to  insure  the  production  of 
fertile  eggs  during  her  entire  life.  Egg  laying  begins  about  2 
or  3  days  after  the  first  blood  meal.  A  single  female  may  lay 
as  many  as  12  batches  of  eggs  and  a  total  of  over  3,000 
eggs. 

During  the  daytime  adults  remain  inactive.  They  rest  in 
cool,  damp,  dark  shelters,  such  as  buildings,  caves,  and 
under  bridges.  Feeding  and  other  activity  occurs  almost 
entirely  at  night.  They  enter  houses  readily  to  feed  on 
human  blood,  but  they  feed  more  frequently  on  other 
warm-blooded  animals,  such  as  cows,  horses,  mules,  pigs, 
and  chickens.  Most  adults  fly  less  than  one-half  mile  from 
their  breeding  place  and  only  a  few  fly  farther  than  1  mile. 
Anopheles  quadrimaculatus  in  not  usually  caught  in  light 
traps  in  great  numbers. 

In  the  most  southern  part  of  the  country.  Anopheles 
quadrimaculatus  breeds  continuously  through  the  year. 
Over  most  of  its  range,  however,  it  spends  the  winters  as 
fertilized  adult  females  in  caves,  hollow  trees,  basements, 
and  other  protected  places.  In  all  but  the  most  northern 
areas  it  may  emerge  from  hibernation,  move  about  and  take 
blood  meals  on  warm  days  during  the  winter.  In  the  spring, 
the  females  emerge,  take  a  blood  meal  and  deposit  their 
eggs.  There  may  be  as  many  as  9  or  10  generations  each 
season.  Populations  often  reach  a  peak  during  July  or 
August  and  decline  rapidly  in  September  and  October. 
Hibernating  females  may  survive  for  4  to  5  months. 

AnopheUs  freebomi.  The  western  malaria  mosquito  is 
similar  in  appearance  to  Anopheles  quadrimaculatus.  It  is 
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the  most  important  vector  of  malari..  ic  western  U.S.  It 
readily  enters  homes  and  bites  avidly  at  dusk  and  dawn. 
Th'3  species  occurs  over  most  of  the  area  west  of  the 
Continental  Divide,  from  southern  British  Columbia  to 
Lower  California  and  may  occur  eastward  to  West  Texas. 

Anopheles  freeborni  breeds  in  permanent  or 
semipermanent  waters  at  least  partially  exposed  to  the 
sunlight  with  vegetation  or  floating  debris.  It  prefers  clear, 
clean  slightly  alkaline  water.  Larvae  may  also  be  found  in 
slightly  brackish  water  near  the  ocean  or  in  desert  pools.  It 
normally  avoids  water  polluted  with  sewage  or  other 
organic  materials.  Breeding  may  take  place  in  habitats  very 
similar  to  those  where  Anopheles  quadrimaculatus  is  found, 
but  for  the  most  part  it  has  adapted  itself  to  seepage  areas, 
borrow  pits,  hoof  prints,  improperly  irrigated  fields,  and  the 
edges  of  streams  and  irrigation  canals.  Rice  fields  are  a 
particularly  favorable  breeding  place  for  this  species.  This 
mosquito  is  well  adapted  to  the  semiarid  region  in  which  it 
occurs. 

In  California,  Anopheles  freeborni  leave  their 
hibernating  places  in  February,  get  a  blood  meal,  and  lay 
eggs  for  the  first  generation.  Because  of  the  abundance  of 
breeding  places  at  this  time  of  year  and  the  scarcity  of 
predators,  large  broods  develop.  Succeeding  generations 
arc  greatly  reduced  in  range  and  size  by  the  recession  of 
waters,  except  where  irrigation  waters  maintain  their 
breeding  places.  In  late  fall  at  the  end  of  the  dry  season, 
females  migrate  long  distances,  sometimes  10  to  12  miles 
to  look  for  shelter  in  outbuildings,  homes,  and  cellars.  In 
the  winter  they  go  into  a  state  of  semihibemation  from 
which  they  emerge  on  warm  days  and  nights  for  feeding. 
Some  people  refer  to  the  winter  biting  as  •'nibbling/*  They 
move  about  nervously,  often  attack  the  ankles  and  seldom 
feed  until  they're  full.  These  winter  feedings  don't  usually 
result  in  development  of  eggs.  They  may,  however,  result 
in  malaria  transmission. 

The  midseason  flight  range  of  Anopheles  freeborni  is 
generally  restricted  to  a  1-mile  radius.  In  cases  of  very 
heavy  production  in  rice  fields,  longer  flights  up  to  2Vi 
miles  have  been  noted.  Males  are  seldom  found  more  than 
1 1 A  mile  from  their  breeding  places. 

Exercises  (605): 

In  ihe  space  provided,  determine  if  the  following  statements 
apply  \oAn.  quadrimaculatus,  (AQ)  or  An.  freeborni,  (AF) 
mosquitoes. 

 1.  Most  important  vector  of  malaria  in  the  U.S. 

 2.  Bites  aren't  very  painful  and  may  go  unnoticed. 

 3.  Enters  homes  and  shelters,  bites  avidly  at  dust  and 

dawn. 

 4.  Most  abundant  in  shallow  water. 

  5.  Prefers  clear,  quiet  waters  where  pH  is  neutral  to 

alkaline. 

 6.  Found  over  most  of  the  area  west  of  the 

Continental  Divide. 

  7.  Prefers  clear,  clean,  slightly  alkaline  water. 

  8.  Water  must  be  65°  to  70°  F.  for  development  to 

occur. 

 9.  Well  adapted  for  semiarid  regions. 

  10.  Rrceds  continuously  throughout  the  year. 


606,  Given  specific  characteristics  or  situations, 
dlfTerentlate  them  as  being  applicable  to  the  species 
Culexpi;pieii5,  C.  quinquefasciatus,  or  C.  tarsalis. 

Important  Culex  Mosquitoes,  The  genus  Culex 
includes  about  300  species.  Most  of  these  occur  in  the 
tropical  and  subtropical  regions  of  the  world.  Although 
some  26  species  have  been  reported  in  the  United  States, 
only  12  of  these  are  at  all  conmion.  The  group  includes 
several  important  pest  species  and  disease  vectors. 

Culex  pipiens  and  Culex  quinquefasciaius.  The 
northern  and  southern  house  mosquitoes  are  closely  related 
and  difficult  to  separate.  They  are  medium-sized,  brown 
mosquitoes  with  crossbands  of  white  scales  on  the 
abdominal  segments  but  no  other  prominent  markings. 
Culex  pipiens,  the  northern  house  mosquito,  is  found 
throughout  the  Northern  U.S.  and  extends  as  far  south  as 
Georgia  and  Oklahoma.  Culex  pipiens  quinquefasciaius, 
the  southern  house  mosquito,  is  in  all  the  Southern  States 
from  coast  to  coast  and  extends  northward  to  Nebraska, 
Iowa,  Illinois,  and  Ohio.  One  or  both  of  these  mosquito 
species  can  be  found  in  every  state. 

The  house  mosquitoes  are  the  most  common  species  in 
many  of  our  urban  communities  and  rural  premises.  They 
often  enter  houses  where  their  habit  of  ••singing*'  is  very 
annoying.  Culex  quinquefasciaius  is  a  severe  pest  and 
Culex  pipiens  may  also  feed  on  people.  Members  of  the 
Culex  pipien  quinquefasciaius  complex  arc  important 
vectors  in  urban  epidemics  of  St.  Louis  encephalitis, 
particularly  in  the  Midwest. 

Cr4lex  pipiens  and  quinquefasciaius  breed  heavily  in  rain 
barrels,  tanks,  tin  cans,  and  practically  all  types  of  artificial 
containers.  Other  important  sources  of  these  mosquitoes  arc 
storm-sewer  catch  basins,  pooriy  drained  street  gutters, 
polluted  ground  pools,  cesspools,  open  septic  tanks,  and 
effluent  drains  from  sewage  disposal  plants.  A  heavy 
production  of  house  mosquitoes  is  often  associated  with 
unsanitary  conditions. 

These  mosquitoes  lay  their  eggs  in  clusters  of  50  to  400 
eggs;  these  clusters,  called  rafts,  float  on  the  surface  of  the 
water.  The  eggs  hatch  within  a  day  or  two  in  warm  weather. 
From  8  to  10  days  arc  requircd  for  them  to  complete  the 
larval  and  pupal  stages.  In  somewhat  cooler  weather  or 
early  spring  or  late  fall  these  aquatic  stages  may  take  2 
weeks  or  morc.  Breeding  continues  throughout  the  warmer 
months  of  the  year.  Some  can  survive  and  produce  fertile 
eggs  without  a  blood  meal . 

These  species  don't  migrate  far  except  when  grcat 
numbers  arc  produced.  Ordinarily,  when  adults  arc  prcsent, 
larvae  will  be  found  nearby.  They  arc  active  only  at  night 
and  may  be  found  resting  during  the  day  in  and  around 
houses,  outbuildings,  and  various  shelters  near  their 
breeding  places.  They  are  readily  attracted  to  light  traps. 

Culex  iarsalis.  This  is  a  daric,  medium-sized,  mosquito 
with  a  broad,  white  band  on  the  middle  of  the  proboscis  and 
white  bands  at  each  end  of  the  tarsal  segments.  It  is  a  fairly 
important  pest  species  in  some  areas.  It*s  active  soon  after 
iusk  and  may  enter  buildings  in  search  of  blood.  Culex 
tarsalis  may  carry  both  St.  Louis  and  Western  encephalitis 
viruses.  Laboratory  experiments  have  also  demonstrated  its 
ability  to  transmit  both  diseases.  Epidemiological  studies 
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carried  on  in  several  Western  States  indicate  that  it  is  riOre 
frequently  infected  with  these  viruses  than  are  other 
mosquitoes.  The  infection  is  apparently  acquired  from 
feeding  upon  birds  and  later  transmitting  it  to  other  birds,  or 
to  horses  or  people.  It*s  one  of  the  most,  possibley  the 
most  important  vector  of  encephalitis  tc  amans  or  horses 
in  the  Western  States. 

Culex  tarsalis  is  widely  distributed  west  of  the 
Mississippi  River  including  southern  Canada  and  northern 
Mexico.  It  is  essentially  a  rural  mosquito. 

The  larvae  develop  in  a  wide  variety  of  aquatic 
situations.  Ifi  arid  and  semiarid  regions,  they  use  almost  all 
types  of  waifT,  but  are  mostly  found  in  temporary  to 
seniipermanent  bodies  of  water  associated  with  irrigation. 
These  areas  include  can&ls,  ditches,  borrow  pits, 
impoundments,  ground  pools,  and  hoof  prints.  They  breed 
in  water  flowing  from  cesspools  and  other  waters 
containing  large  quantities  of  organic  material  from  human 
wastes.  They  also  bre^d  in  artificial  containers  such  as  cans, 
jars,  barrels,  drinking  troughs,  ornamental  ponds,  and  catch 
basins.  Females  deposit  at  least  two  rafts  of  eggs,  usually 
having  100  to  ISO  eggs  each.  Hatching  normally  occurs 
within  48  hours.  The  larval  and  pupal  stages  develop 
rapidly  and  breeding  continues  from  early  spring  until  late 
faU. 

Adults  are  active  mainly  from  dusk  to  dawn.  During 
daylight  hoars  they  rest  in  secluded  spots.  They  can  often 
be  found  on  porches,  shaded  sides  of  buildings,  or  under 
bridges.  Most,  however,  rest  in  grass  and  shrubs,  or  along 
cut  banks  of  streams.  Culex  tarsalis  apparently  must  have  a 
blood  meal  to  produce  fertile  eggs.  It  has  a  wide  range  of 
hosts  but  shows  some  preference  for  birds,  though  it  also 
commonly  feeds  on  cows,  horses,  and  humans.  Studies 
show  that  Culex  tarsalis  will  fly  at  least  1 1  miles,  although 
most  probably  remain  within  a  mile  of  their  breeding  sites. 
Large  numbers  of  Culex  tarsalis  may  be  collected  in  light 
traps  and  carbon  dioxide  traps. 

Exercises  (606): 

1.  In  the  space  provided,  determine  whether  the 
following  statements  apply  to  Culex  pipiens  (CP),  C. 
quinquefasciatus  (CQ),  or  C.  tarsalis  (CT).  Some 
statements  may  apply  tC  more  than  one  species. 

 a.  You  may  expect  to  find  these  larvae  in  storm 

sewers  at  a  Southeastern  U.S.  base. 

 b.  Adults  are   medium   in  size  with  white 

crossbands  on  the  abdomen. 

 c.  Larvae  are  commonly  found  in  flowing  water 

high  in  organic  wastes. 

2.  Which  species  would  you  er.pect  to  find  in  areas  where 
lots  of  people  are  complaining  of  singing'* 
mosquitoes? 


3.  In  areas  where  all  the  discussed  Culex  species  are 
found,  which  would  you  expect  to  find  the  most  in 
daily  light-trap  surveys? 


Which  larval  species  would  you  mosr.  likely  find  in  a 
canal  which  carries  off  water  from  a  sewage  disposal 
plant? 


S.  Why  would  you  expect  to  find  large  numbers  of  both 
larval  and  adult  Culex  pipiens  and  C.  quinquefasciatus 
in  a  poorly  maintained  garbage  dump? 


607.  Determine  the  identity  of  various  mosquitoes  based 
on  given  characteristics. 

Miscellaneous  Important  Mosquitoes.  Mosquitoes  in 
genera  other  than  Aedes,  Anopheles,  and  Culex  are  also 
important  in  various  parts  of  the  country.  In  this  section,  we 
discuss  mosquitoes  in  the  genera  Psorophora, 
Coquillettidia,  and  Mansonia. 

Thirteen  species  of  Psorophora  are  known  from  the 
United  States,  10  of  which  are  rather  widely  distributed  in 
the  Southern  and  Eastern  States.  These  mosquitoes  are  not 
known  to  be  vectors  of  human  disease  in  the  United  States 
but  some  of  the  species  are  extremely  severe  pests.  The 
breeding  habits  of  this  group  are  similar  to  those  of  the 
typical  Aedes,  to  which  they  are  closely  related.  The  eggs 
are  laid  on  the  ground  and  are  adapted  to  withstand  drying. 
They  may  lie  dormant  for  long  periods.  They  hatch  quickly 
upon  being  flooded  and  development  of  the  larvae  is  very 
r&pid. 

Psorophora  confinnis.  The  Psorophora  confinnis  is 
known  as  the  glades  mosquito  in  Florida,  and  the  dark  rice 
field  mosquito  in  Aricansas  and  adjacent  rice-producing 
areas.  It's  a  medium  to  large  dark  species  with  a  narrow 
ring  of  white  scales  near  the  apex  of  the  hind  femur. 
Psorophora  confinnis  is  the  most  widespread  and  important 
species  of  Psorophora  in  the  United  States.  It  occurs 
throughout  southern  United  States,  extending  westward  to 
South  California  and  northward  to  Nebraska,  Iowa,  and 
New  Yoik.  It  reaches  its  greatest  abundance  in  the  Florida 
Everglades  and  in  the  rice  fields  of  Aricansas  and 
Mississippi.  The  females  are  fierce  biters,  attacking 
anytime  during  the  day  or  night.  Great  numbers  of  these 
mosquitoes  may  occasionally  kill  livestock  and  can  make  it 
almost  unbearable  for  humans  to  remain  in  infested  outdoor 
areas. 

Psorophora  confinnis  breeds  in  temporary  rain  pools, 
irrigation  waters,  and  seepage  pools.  Eggs  are  not  laid  on 
water  surfaces  but  on  ground  subject  to  flooding  from 
rainfall,  overflow,  or  irrigation.  Soil  with  low,  rank 
vegetation  seems  to  be  ideal  for  depositing  eggs.  Drained 
rice  fields  are  among  the  most  favorable  sites.  Eggs  will 
hatch  after  4  or  S  days  if  they  are  submerged  at  that  time.  If 
they  remain  on  the  soil's  surface  for  2  or  3  weeks  or  longer 
and  are  then  flooded,  hatching  may  begin  within  a  few 
minutes.  Psorophora  cortflnnis  passes  the  winter  in  the  egg 
stage.  The  larval  period  for  Psorophora  confinnis  is  very 
short.  During  midsummer  in  Aricansas,  it  may  be  completed 
in  as  little  as  4  days.  The  average  time  at  a  mean 
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temperature  of  79**  F.  is  slightly  over  5  days.  The  pupal 
stage  is  completed  in  1  or  2  days.  The  number  of 
generations  per  season  varies  from  one  to  many»  depending 
upon  how  often  suitable  hatching  conditions  occur.  Areas 
that  dry  up  and  are  tliien  flooded  a  few  days  later  may 
produce  a  brood  with  each  flooding.  Such  conditions  are 
provided  with  certain  types  of  irrigation,  particularly  rice 
culture.  Adults  live  1  to  2  months.  They  have  a  flight  range 
of  up  to  10  miles. 

Psorophora  ciliaia.  The  Fsorophora  ciliata  is  a  very 
large,  yellowish-brown  mosquito  with  shaggy  legs,  which 
is  commonly  known  as  the  gallinipper.  It  is  a  vicious  biter 
and  because  of  its  large  size  presents  a  terrifying 
appearance.  Psorophora  ciliata  is  widespread  through 
Eastern  United  States  from  Mexico  to  Canada,  being 
abundant  locally  in  the  South  and  Middle  West.  When 
present  in  numbers  it  is  a  severe  pest,  attacking  readily 
during  the  daytime  as  well  as  in  the  evening. 

It  is  one  of  the  few  species  whose  larvae  feed  on  other 
aquatic  insects  including  mosquito  larvae.  It  breeds  in 
temporary  pools,  often  in  association  with  Psorophora 
confinnis  and  Aedes  vexans  upon  which  it  feeds.  The  fourth 
instar  larvae  may  consume  three  or  four  other  larvae  in  1 
day.  Fsorophora  cilita  larvae  are  easily  recognized  in  the 
field  as  they  arc  two  or  more  times  as  long  as  most  other 
species.  They  hang  almost  straight  down  from  the  water 
surface.  The  larval  and  pupal  life  is  short  as  is  characteristic 
of  this  group  of  mosquitoes.  The  eggs  are  laid  on  the 
surface  of  drying  soil  and  hatch  when  flooded  as  with 
Psorophora  confinnis. 

The  closely  related  genera  Coquillettidia  and  Mansonia 
include  three  species  in  the  United  States,  one  of  which  is 
very  widespread  and  common.  They  are  troublesome  biters 
and  severe  pests  in  many  areas.  Mansonia  eggs  are  laid  in 
rafts  on  marshes  or  lakes.  After  hatching,  the  larvae 
descend  below  the  surface  of  the  water  and  insert  their  air 
tubes  into  the  stems  or  roots  of  aquatic  plants.  They  remain 
below  the  water  surface  throughout  the  larval  and  pupal 
stages  obtaining  air  from  these  plants.  Because  of  this 
unique  habit,  you  can't  control  Mansonia  and 
Coquillettidia  larvae  by  using  ordinary  surface  larvicides. 

Coquillettidia  perturbans  (previously  Mansonia 
perturbans).  This  mosquito  is  large,  speckled,  and  brown 
and  white  with  a  characteristic  pale  band  at  about  the  outer 
third  of  the  hind  femur  and  tibia.  It*s  found  in  the  Southern 
and  Eastern  States  from  the  gulf  coast  to  Canada.  It  is  also 
known  from  some  of  the  Great  Plains  and  Rocky  Mountain 
states  and  from  the  four  Pacific  Coast  States.  This  species 
has  been  found  naturally  infected  with  the  virus  of  Eastern 
encephalitis  in  Georgia.  Its  role  in  the  epidemiology  of  this 
disease  has  not  been  established. 

Coquillettidia  perturbans  breeds  in  marshes,  ponds,  and 
lakes  having  a  thick  growth  of  aquatic  vegetation.  Larval 
development  is  unusually  slow,  requiring  several  months. 
The  larvae  that  hatch  one  season  do  not  ordinarily  complete 
their  development  until  the  following  spring.  They  remain 
below  the  water  surface  throughout  this  period  though  they 
may  detach  from  their  host  plants  and  move  about.  The 
pupae  also  have  breathing  tubes  adapted  for  penetrating 
plant  tissues  and  they  too  attach  to  plants  from  which  they 


get  their  air.  The  pupal  stage  takes  5  to  6  days.  The  adults 
emerge  in  late  spring  or  early  summer.  There  appears  to  be 
only  one  generation  per  year  throughout  most  of  the  range 
of  this  species.  It  is  po^^sible  that  a  partial  second  brood  may 
be  produced  in  Florida.  Larvae  have  been  found  associated 
with  a  number  of  plants.  Some  of  the  more  important  ones 
are  pickerel  weed,  cattail,  water  lettuce,  arrowhead, 
aquatic  sedges,  and  swamp  loosestrife. 

The  females  will  bite  during  the  daytime  in  shady,  humid 
places,  but  are  principally  active  in  the  evening  part  of  the 
night.  They  readily  enter  houses  and  bite  vici'^usly.  These 
strong  fliers  arc  fr^uently  taken  in  light-trap  collections. 

Mansonia  titiUans.  This  tropical  species  is  fairly 
common  in  Florida  and  has  also  been  re[>orteJ  from  South 
'^exas.  It  has  been  found  in  nature  infected  with  Venezuelan 
equine  encephalitis  virus.  The  adults  are  severe  biters  and 
fairly  important  pests  in  Florida.  The  eggs  of  Mansonia 
titillans  arc  laid  on  the  under  surface  of  the  leaves  of  water 
lettuce.  The  larvae  and  pupae  attach  to  the  roots  of  this 
plant,  developing  in  the  same  manner  as  described  for 
Coquillenidia  perturbans.  The  adults  arc  frequently  taken 
in  light  traps. 

Exercises  (607): 

Determine  which  mosquito(es)  arc  described  by  the 
following  statements. 
1 .  These  larvae  arc  prcdaceous  on  other  mosquito  lar/ae . 


2.  As  adults,  these  arc  large  and  speckled  with  a  pale 
band  on  the  outer  third  of  the  hind  femur  and  tibia. 


3.  These  adults  are  medium  to  large  with  a  narrow  white 
ring  near  the  apex  of  the  hind  femur. 


1-4.  Mosquito  Surveys  and  Control  Methods 

Adult  and  larval  mosquito  surveys  are  essential  for  any 
effective  mosquito  control  program.  Because  the  larval 
stage  of  development  is  the  most  susceptible  to  control,  you 
should  direct  your  efforts  toward  this  stage  whenever  you 
can.  However,  there  will  be  times  when  you  must  control 
adult  mosquitoes  by  mechanical  and  chemical  means.  The 
adult  survey  will  help  you  know  when  such  a  control 
program  is  necessary. 

608.  Complete  given  statements  regarding  the  purpose 
for  conducting  mosquito  surveys,  and  specify  which 
survey  techniques  are  suitable  for  various  species  of 
adult  mosquitoes. 

Surveys  are  essential  for  planning,  conducting,  end 
evaluating  an  effective  mosquito  control  program,  whether 
for  the  prevention  of  mosquito-borne  diseases  or  the 
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lowering  of  populations  of  these  biting  insects  to  a  lev^l 
permitting  normal  activities  without  undue  discomfort. 

Before  you  proceed  with  this  lesson,  you  may  want  to 
review  Volume  2,  objectives  21 1  and  212. 

Reasons  for  Adult  Mosquito  Surveys.  Adult  surveys 
help  you  evaluate  the  incidence  of  mosquitoes  in  a 
conmiunity  where  they  may  bite  people,  and  show  you  the 
relative  abundance  of  the  various  species  present  at  any 
time.  Using  this  information  and  reference  material  on  the 
breeding  sites  and  habits  of  mosquito  species,  you  and  other 
specialists  can  determine  the  need  for  a  management 
programs  and  conduct  a  more  effective  search  for  larval 
breeding  places.  Adult  mosquito  surveys  provide  data  for 
using  space  spraying  equipment  at  the  best  time  and  place. 
It  is  also  used  to  determine  tlie  extent  of  the  problem,  ways 
your  superiors  and  the  public  can  help,  and  results  of  your 
control  operations.  Interpreting  adult  mosquito  sun'cy 
reports  and  translating  this  information  to  action  will  save 
work  hours,  materials,  equipment,  and  give  you 
justification  for  the  entire  operation. 

Equipment.  The  required  equipment  is  simple  and 
inexpensive.  It  includes  a  collecting  tube  or  aspirator,  pill 
boxes,  cages  (for  live  collections),  field  record  forms  or 
notebook,  pencil,  flashlight,  and  map.  (See  fig.  1-6). 

Collection  Methods.  The  methods  you  use  to  collect 
mosquitoes  depend  upon  the  species  to  be  collected. 
Ren  Tiber,  mosquito  species  vary  greatly  in  their  habits. 

biting  collections.  Collecting  mosquitoes  as  they  bite  is 
a  convenient  method  of  sampling  populations.  (Any 
volunteers?)  In  making  biting  collections  or  counts,  you  (or 
someone  in  need  of  a  "9'*  on  their  next  Airman 
Performance  Report)  should  expose  part  of  your  body  by 
rolling  up  your  sleeves,  trouser  legs,  or  by  removing  your 
shirt.  Sit  quietly  for  a  designated  period  of  time  (usually  10 
or  IS  minutes).  The  mosquitoes  are  collected  with  an 
aspirator  or  chloroform  tube,  either  by  the  collector  or  a 
coworker.  In  many  parts  of  the  Tropics  it  is  customary  to  • 
make  biting  collections  about  sundown  from  a  domestic 
animal,  such  as  a  white  horse.  If  you  take  collections  at 
night,  you  need  a  flashlight.  Whether  you  take  counts  from 
people  or  animals,  you  should  remember  that  certain 
individuals  are  more  attractive  to  mosquitoes  than  others.  It 
is  therefore  desirable  for  the  same  person  or  animal  to  be 
used  throughout  a  given  survey.  Collections  must  be  made 
at  regular  intervals  and  at  approximately  the  same  time  of 
day  so  that  biting  rates  at  different  stations  may  be 
compared  to  show  trends  in  mosquito  populations. 

With  day-biting  species,  the  index  may  be  based  upon  tiie 
number  of  mosquitoes  that  alight  upon  one's  clothing  in  a 
given  time  interval  (the  landing  rate),  rather  than  those 
actually  in  biting  position.  This  method  is  more  practical 
when  populations  are  very  high  and  is  useful  for  a  T3pid 
check  of  mosquito  abundance  before  and  after  treatment. 
The  landing-rate  method  has  been  used  especially  with 
certain  species  of  Aedes  or  Psorophora  found  in  salt 
marshes,  rice  fields,  or  the  arctic  and  subarctic  tundras. 

Carbon  dioxide  imps.  Solidified  carbon  dioxide  (dry  ice) 
will  attract  large  numbers  of  some  mosquito  species.  This 
type  of  trap  is  generally  baited  with  about  3  pounds  of  dry 
ice  and  wrapped  in  newspaper.  It  is  very  effective  in 
collecting  large  numbers  of  Culex  tarsails. 


Insect  nets.  Insect  nets  are  used  to  collect  mosquitoes 
from  grass  and  other  vegetation.  This  type  of  collection  is 
of  value  in  helping  determine  the  abundance  of  those 
species  that  rest  in  these  habitats  during  the  daytime,  such 
as  many  Aedes  mosquitoes. 

Daytime  resting  stations.  Adults  of  many  species  are 
inactive  during  the  day,  resting  quietly  in  dark,  cool,  humid 
places.  Careful  inspection  of  daytime  shelters  will  give  you 
an  index  to  the  population  density  of  these  mosquitoes.  This 
method  is  especially  useful  for  anopheline  mosquitoes  and 
is  commonly  used  for  Anopheles  quadrimaculatus  and 
Anopheles  freeborni.  It  is  also  of  value  in  estimating 
populations  of  other  species  such  as  Culex 
quinquefasciatus,  and  Culex  tarsalis.  Mosquito  resting 
stations  may  be  divided  into  two  general  types:  natural  and 
artificial. 

Natural  resting  stations  are  places  normally  present  in  an 
area,  such  as  houses,  stables,  culverts,  bridges,  caves, 
hollow  trees,  and  overhanging  banks  along  streams.  With 
experience  you  can  evaluate  the  suitability  of  shelters  by 
casual  inspection.  Dwellings,  especially  when  unscreened, 
are  often  satisfactory  resting  stations,  being  especially 
important  when  mosquito-bome  diseases  are  investigated. 
Under  such  conditions  they  furnish  an  index  to  the  number 
of  mosquitoes  that  may  bite  people  and  transmit 
encephalitis  or  other  diseases. 

Suitable  resting  stations  may  not  be  available  in 
sufficient  numbers  to  give  a  satisfactory  evaluation  of  the 
mosquito  population.  It  may  be  necessary  to  construct 
special  shelters  or  to  use  boxes,  barrels,  kegs,  etc.,  as 
artificial  resting  stations.  Many  different  types  of  artificial 
shelters  have  been  used.  They  should  always  be  placed  near 
the  suspected  breeding  places  in  shaded,  humid  locations. 
Mosquitoes  enter  such  shelters  at  dawn,  probably  in 
response  to  changes  in  light  intensity  and  humidity  and 
ordinarily  do  not  leave  before  dusk. 

Light  traps.  Mosquito  light  traps  attract  adults  from  a 
considerable  area  when  they  are  placed  in  locations  remote 
from  competing  light  sources. 

The  mosquito  light  trap  is  mounted  on  a  post,  or  hung 
from  a  tree,  with  the  light  SVi  to  6  feet  above  the  ground.  It 
should  be  located  30  or  more  feet  from  buildings  in  open 
areas  near  trees  and  shrubs.  It  should  not  be  placed  near 
other  lights,  in  areas  open  to  strong  winds,  or  near  industrial 
plants  giving  off  smoke  or  gas.  The  traps  are  operated  on  a 
regular  schedule  from  1  to  7  nights  per  week.  They  are 
turned  on  just  before  dark  and  turned  off  after  daylight.  You 
can  use  an  automatic  time  clock  or  photoelectric  cell  to  start 
and  stop  the  trap,  or  you  can  turn  the  trap  on  and  off  by 
hand.  Remove  the  collection  each  morning  and  place  it  in  a 
properly  labeled  box  until  it  can  be  sorted  and  identified. 
Refer  to  figures  1-7  and  1*8  for  examples  of  how  to  record 
various  types  of  survey  results. 

Wide  differences  have  been  noted  in  the  reactions  of 
different  species  of  mosquitoes  to  light.  Therefore,  light- 
trap  collections  must  be  used  in  conjunction  with  other 
methods  of  sampling  mosquito  populations.  They  have 
proven  very  useful  in  measuring  densities  of  some 
mosquitoes,  such  as  Aedes  sollicitans,  Aedes 
nigromaculitis,  Culex  pipiens,  and  Coquillettidia 
perturbans.  Some  anophelines  are  also  readily  taken  in  light 
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Figur;  1-7.  Mosquito  collection  record. 


traps.  The  common  mosquito,  Anopheles  quadrimaculatus, 
however,  is  seldom  taken  in  significant  numbers. 


Exe.xises  (608): 
1.  Surveys  are  essential  for 


and 


.  an  effective  mosquito  control  program. 


2.  Interpreting   adult   mosquito    survey   results  and 
translating  this  information  to  action  will  save 

,  and  ,  and 


give  you 


,  for  the  operation. 


4.  Mosquitoes  usually  enter  shelters  at 
probably  in  response  to  changes  in 

  and    . 


S.  What  survey  techniques  are  suitable  for  each  of  the 
following  mosquitoes? 
a.  Aedes  sollicitans. 


b.  Psorphora  spp. 


3.  Carbon  dioxide  traps  are  effective  in  collecting  ^-  Culextarsalis. 
 mosquitoes. 
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d ,  Annopheles  quadrimaculatus. 


e .  Culex  quinquefasciatus. 


669.  Identify  the  purpose  for  conducting  larvsd  mosquito 
surveys  and  the  equipment  required,  and  cite  survey 
techniques  for  various  genera  of  mosquito  larvae. 

Larval  Mosquito  Surveys.  Mosquito  larvae  are  found  in 
all  types  of  aquatic  habitats  from  warm,  brackish,  seaside 
marshes  to  the  pure,  cold  water  of  the  melted  snows.  You 
can  find  them  in  such  diverse  locations  as  rivers,  lakes  and 
ponds,  carb  holes,  pitcher  plants,  eaves,  troughs,  bottles, 
cans,  reservoirs,  tree  holes,  old  tires,  and  vases. 

You  must  assume  that  mosquitoes  have  adapted 
themselves  to  almost  every  conceivable  type  of  aquatic 
situation.  You  must  have  information  regarding  the  general 
breeding  habits  of  'iie  species  known  or  suspected  to  be 
present  in  the  area  before  you  begin  larval  surveys.  An 
experienced  person  may  be  able  to  spot  the  probable 
mosquito  breeding  places  in  specific  areas  by  means  of  a 
rapid  reconnaissance  survey.  These  places  should  be 
carefully  numbered  and  marked  on  a  map  such  as  the  one  in 
figure  1«9. 

Purpose.  Larval  surveys  help  you  determine  the  specific 
breeding  sites  and  establish  permanent  sampling  stations. 


Larval  surveys  show  the  exact  areas  in  which  mosquitoes 
breed  and  their  relative  abundance.  For  this  reason  they  are 
of  special  value  in  control  operations. 

Equipment.  A  white  enamel  dipper  about  4  inches  in 
diameter  is  used  most  for  collecting  mosquito  larvae.  You 
can  extend  the  handle  of  such  a  dipper  to  a  convenient 
length  by  inserting  a  suitable  piece  of  cane  or  wood.  Many 
special  dippers  are  used  for  specific  purposes  so  that  their 
capacity  can  be  related  directly  to  the  water  surface  area 
examined.  Thus,  you  can  compute  the  number  of  larvae  per 
square  foot  of  square  meter  with  reasonable  accuracy. 

To  inspect  small  artificial  containers  or  cisterns,  you  may 
need  a  flashlight  or  a  min^r  to  reflect  light  into  the  breeding 
place.  You  can  use  large  bulb  pipettes  or  siphons  made  of 
rubber  tubing  to  remove  water  from  small  obscure  areas, 
such  as  tree  holes.  The  water  may  then  be  put  in  a  dipper  or 
pan  where  the  larvae  are  counted  and  collected. 
Widemouthed  pipettes  (eye  droppers)  are  used  for  removing 
larvae  from  the  dipper  or  pan;  small  vials,  preferably  with 
screwcaps,  serve  to  hold  the  larvae  until  they  can  be 
identified  or  mounted  on  slides.  Screened-bottom  spoors 
may  be  substituted  for  pipettes  if  the  larvae  are  to  be 
transferred  to  widemouthed  bottles.  Alcohol  of  95  percent 
strength  is  a  most  satisfactory  preservative  but  70  percent 
alcohol  is  in  common  use. 

Collection  methods.  You'll  usually  find  mosquito  larvae 
where  surface  vegetation  or  debris  is  present.  Thus,  in 
larger  ponds  or  lakess  larvae  are  ordinarily  confined  to  the 
marginal  areas.  Proceed  slowly  and  carefully  in  searching 
for  mosquito  larvae,  as  disturbing  the  water  or  casting 
shadows  may  cause  the  larvae  to  dive  to  the  bottom. 
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Figure  1-8.  Mosquito  identiflcatlon  record. 


21 


ERIC 


366 


 ,  Cr»»l44 

Figure  1-9.  Schematic  map  showing  mosquito  sampling  stations. 


Anopheline  larvae  are  collected  by  a  skimming  movement 
of  the  dipper  with  one  side  pressed  just  below  the  surface. 
The  stroke  is  ended  just  before  the  dipper  is  full,  since 
larvae  will  be  lost  if  the  dipper  if  filled  tr^  the  point  that  it 
runs  over.  Where  clumps  of  vegetation  ere  present,  press 
the  dipper  into  the  clumps  with  one  eog*.  depressed  so  that 
the  water  flows  from  the  vegetation  \nto  the  dipper  So.Vi.e 
larvae,  such  diSAedes  vexans,  soUicitaus,  ox  tceniorkyrt^hus 
or  the  species  of  Psorophora,  require  v.  quic<<^r  v^ipping 
motion  because  they  are  mon^  likely  to  dive  below  the 
surface  when  disturbed. 

Always  record  the  number  of  dip:^  made  aiad  the  nuaiber 
of  larvae  found.  Transfer  the  larvae  to  small  vials  with  a 
widemouth  pipette  and  preserve  tht;Ti  ir  a^coho!  for  later 
identification.  You  can  then  get  a  rou^^h  ide^.  of  the 
breeding  rates  by  computing  the  number  oi  larvae  of  each 


species  per  dip.  The  number  of  dips  required  depends  on  the 
size  of  the  area,  but  for  convenience  they  should  be  made  in 
multiples  of  ten.  You  should  make  your  inspections  at 
intervals  of  1  to  2  weeks  during  the  breeding  season  because 
areas  entirely  negative  at  one  time  may  be  found  breeding 
heavily  at  other  times. 

Variations  in  the  procedure  described  above  are  called 
for  when  you*re  inspecting  for  certain  species.  For 
example,  Mansonia  and  Coquillettidia  larvae  remain  below 
the  water  surface  throughout  their  development.  You  can 
And  these  larvae  by  pulling  up  aquatic  plants  (cattail, 
sedges,  pickerelweed,  etc.)  and  washing  them  in  a  pan  of 
water.  A  search  of  the  bottom  muck  and  trash  from  the  area 
where  the  host  plants  have  been  uprooted  may  be 
productive.  Scoop  this  material  and  examine  it  in  pans  of 
clear  water. 


Inspection  for  Aedes  aegypti  involves  a  careful  search  for 
artificial  containers  where  these  domestic  mosquitoes 
breed.  Such  inspections  are  usually  made  on  a  premises- 
by-premises  basis  where  bottles,  tin  cans,  vases, 
automobile  tires,  and  all  other  containers  of  water  are 
examined.  You  can  find  the  Aedes  aegypti  index  by 
dividing  the  total  nu^nber  of  premises  inspected  into  the 
number  in  which  breeding  i»  found.  Collection  of  the 
larvae  may  require  a  dipper  but  is  more  frequently 
accomplished  directly  by  means  of  a  widemouthed  pipette. 

Inspection  for  Aedes  triseriatus  and  Aedes  aegypti 
involves  searching  for  tree  holes  and  artiHcial  containers  in 
which  these  species  breed.  These  are  often  too  small  to 
admit  an  ordinary  dipper,  but  water  may  be  siphoned  into  a 
dipper  or  pan  where  you  can  see  the  larvae. 

Exercises  (609): 

1.  Larval  surveys  help  you  determine  

 and  establish  permanent  . 


2.  You  should  always  record  the  number  of  _ 
made  and  the  number  of  found. 


3.  Inspections  should  be  made  at  internals  of 
weeks. 


4.  What  are  the  suitable  survey  techniques  for  the 
following  mosquito  genera?  (Refer  to  previous  lessons 
as  needed.) 

a.  Anopheles. 


b.  Aedes, 


c.  Culex. 


d.  Mansonia/Coquillettidia. 


610.  Describe  the  categories  of  IPM  applicable  to  adult 
and  larval  mosquito  control,  and  develop  a  control 
program  for  mosquitoes  based  on  a  given  situation. 

Cultural  Controls  for  Mosquitoes.  As  you  learned 
earlier,  cultural  control  involves  manipulating  the 
environment  to  r.ake  it  less  favorable  for  pests:  disrupt  their 
reproductive  c:,cles,  eliminate  their  food  sources,  and 


increase  numbers  of  predators.  With  mosquitoes,  as  with 
several  other  pests,  this  boils  down  to  a  sound  program  of 
habitat  modification. 

Good  area  mosquito  control  begins  when  you  work  to  get 
better  water  management  both  on  and  around  the  base.  This 
is  easily  the  most  permanent  measure  and,  likewise,  the 
most  desirable  approach.  This  is  because  in  the  long  run, 
you  get  better  control,  save  money,  and  reduce  chemical 
h^za^ds  in  the  environment.  Some  water  management 
p:actices  include: 

(1)  Ditching  and  cleaning  stagnant  streams  to  maintain 
adequate  waterflow  and  to  get  rid  of  vegetation  and  debris 
that  reduce  waterflow  and  give  mosquitoes  breeding 
opportunities. 

(2)  Using  herbicides  tc  eliminate  or  prevent  plant  growth 
in  breeding  areas  or  potential  breeding  areas. 

(3)  Draining  or  filling  back-water  pools  and  swamps 
where  stagnant  water  accumulates. 

OK,  all  of  this  looks  good  on  paper  but  at  this  point,  you 
might  be  thinking  that  except  for  the  herbiciding,  this  type 
of  work  isn't  your  job.  This  is  true,  but  you  can  still  play  a 
role  in  bringing  about  needed  cultural  controls  on  your 
base.  First,  of  course,  is  surveying  to  specifically  identify 
problem  areas,  and  then,  increasing  awareness  of  these 
problems  to  your  bosses  to  get  action  taken  on  the  situation. 

Mechanical/Physical  Controls.  This  category  includes 
measures  to  destroy  pests  outiight  or  make  the  environment 
unsuitable  for  their  enay,  dispersal,  survival,  or 
reproduction.  Like  the  cultural  controls  you  just  learned 
about,  M/P  controls  exploit  weak  links  in  a  mosquito's  life 
cycle  or  behavioral  patterns.  Unlike  cultural  mosquito 
controls,  however,  M/P  controls  apply  to  mosquito  adults, 
not  the  aquatic  stages. 

The  bottom  line  in  M/P  control  is — keep  them  from 
getting  to  where  you  are!  Adequate  screening  of  all 
occupied  structures  is  a  must.  Bed  nets  should  be  used 
under  field  conditions  when  screening  of  structures  isn't 
possible  or  practical. 

Screening.  Screens  arc  made  of  galvanized  iron,  copper, 
bronze,  aluminuir,  or  plastic.  Near  the  ocean,  iron  and 
copper  screens  are  not  recommended  because  of  the 
corrosive  action  of  salt  sprays.  Plastic  screens  have  given 
years  of  good  service  in  these  areas.  Screens  must  be  of  the 
proper  mesh,  must  fit  tightly  and  be  kept  in  good  repair. 
Screening  with  16  mesh  to  the  inch  will  keep  out  most  of 
the  bloodsuckers,  but  18  mesh  may  be  needed  to  keep  out 
some  small  species,  such  as  Aedes  aegypti  and  Aedes 
taeniorhynchus.  Frequently,  mosquitoes  follow  people  into 
buildings  or  enter  on  the  human  host.  For  this  reason, 
screen  doors  should  open  outward  and  have  automatic 
closing  devices.  Residual  insecticide  applications  on  and 
around  screen  doors  give  added  protection.  Xylene 
emulsions  of  insecticides  often  affect  the  galvanizing  on 
ordinary  iron  screens,  with  subsequent  rust  problems,  and 
may  affect  some  plastic  screens.  Therefore,  kerosene 
solutions  are  preferable  for  such  residual  sprays. 

Bed  nets.  The  bed  nets,  or  mosquito  bar,  is  a  useful  item 
in  temporary  camps  and  in  the  Tropics.  Mosquito  netting  is 
a  cotton  or  nylon  cloth  with  23  to  26  meshes  per  inch. 
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While  netting  is  best,  as  mosquitoes  accidentally  admitted 
into  the  net  are  easily  seen  and  killed.  Most  bed  nets  are 
rectmigular  in  shape  and  large  enough  to  permit  a  person  to 
sit  up  in  bed.  The  net  is  suspended  over  the  bed  and  tucked 
in  under  the  mattress.  An  aerosol  bomb  may  be  used  to  kill 
mosquitoes  in  the  net  before  the  person  retires,  or  they  can 
be  killed  by  hand. 

Biological  Controls.  Classical  biological  control 
involves  our  deliberate  introduction  of  natural  enemies 
which  reduce  pest  populations.  In  larval  mosquito  control 
programs,  biological  control  actions  you  can  take  include 
using  predatory  fish  and  commercially  available  pathogens, 
such  as  BTi  (refer  to  Volume  3). 

Mosquito-eating  fish  offer  a  good  op[>ortunity  in 
biological  control  for  some  areas.  Many  mosquito 
abatement  districts  raise  and  distribute  top  minnows  (such 
as  Gambusia)  and  other  small  fish  to  control  mosquitoes  in 
cisterns,  water  tanks,  garden  pools,  and  marshes. 

In  Hawaii  and  the  South  Pacific,  not-too-successfiil 
control  has  been  attempted  using  the  larvae  of 
Toxorhynchites  to  devour  the  larvae  of  Aedes  aegypti  and 
Aedes  albopictus.  In  Canada  and  Alaska,  careful 
observations  have  been  made  of  the  predaceous  larvae  of 
Chaoborus,  Machlonyx.  and  Eucorethra  in  the  biological 
control  of  Aedes  larvae. 

BTi  is  the  most  common  microbial  mosquito  larvicide  in 
use  today.  This  spore-forming  pathogen  produces 
endospores  that  help  it  live  in  a  dormant  state  in  an 
unfavorable  environment  for  a  limited  time.  When  a  larva 
eats  the  spores,  it  remains  alive  for  several  days,  but  its  gut 
becomes  paralyzed  and  it  cannot  eat. 

Chemicals  Controls.  Pesticides  of  various  types  lend 
themselves  to  both  larval  and  adult  control  programs. 

Larval  insecticides.  Larval  control  is  of  primary 
importance  in  areas  where  you  need  inunediate  control  of 
pest  or  disease-carrying  mosquitoes,  particularly  in  cases  of 
extensive  flooding  following  natural  disasters,  such  as 
hurricanes,  or  long  rainy  seasons. 

You  can  apply  synthetic  oiganic  insecticides  as  dusts, 
pellets  or  granular  formulations,  wettable  powders, 
solutions,  emulsions  or  technical  grade  material.  Dusts 
have  been  widely  used  as  mosquito  larvicides,  but  they  are 
light,  subject  to  air  currents  and  spotty  applications,  and 
may  stick  to  leaves.  Pellets  or  granular  formulations  have  a 
larger  particle  size,  permitting  them  to  slip  through  leaves 
or  dense  vegetation  reaching  the  water  surface  to  kill 
mosquito  larvae.  Wettable  powders  are  ft  quently  used  in 
the  prehatch  treatment  of  areas  for  the  control  of  mosquito 
larvae.  These  wettable  powders  may  be  applied  on  snow 
and  ice  or  on  earth  in  dried-up  mosquito  breeding  areas 
seeded  with  eggs  of  temporary  pool  mosquitoes.  Oil 
solutions  may  be  sprayed  on  water  surfaces  to  kill  both 
anopheline  and  culicine  larvae  and  pupae,  particularly  in 
waters  with  high  organic  content.  Most  mosquito  control 
organizations  continue  to  use  some  petroleum  oil  to  kill 
mosquito  larvae  that  are  resistant  to  the  organic 
insecticides.  Emulsions  have  been  employed  extensively  in 
treating  irrigated  waters,  such  as  rice  fields,  where  oil 
solutions  would  be  toxic  to  cultivated  plants.  The  water  in 
the  emulsion  serves  as  a  carrier  for  the  minute  oil  droplets 


containing  insecticides,  facilitating  treatment  of  large  areas 
with  hydraulic  equipment.  The  emulsion  breaks  almost 
immediately  after  the  spraying  operation,  producing  an  oil 
film  upon  the  surface  of  the  breeding  area.  Technical  grade 
insecticides  are  used  particularly  with  the  ultralow  volume 
(ULV)  method  of  control,  often  from  airplanes. 

Petroleum  oils  were  the  first  of  the  larvicides  to  be  widely 
used,  following  the  pioneer  research  of  L.O.  Howard  in 
1892,  on  the  use  of  kerosene  to  kill  mosquito  larvae. 
Petroleum  oils  are  toxic  to  the  eggs,  larvae,  and  pupae  of 
both  anopheline  and  culicine  mosquitoes.  There  are  two 
lethal  fractions  in  petroleum  oils  used  for  mosquito  control: 
a  toxic  fraction,  with  low  boiling  range  and  high  volatility, 
which  penetrates  the  tracheae  of  larvae  and  pupae  and 
produces  an  anesthetic  effect;  and  a  lasting  fraction  which 
acts  much  slower  and  generally  does  not  have  any  direct 
toxic  action,  but  suffocates  by  mechanical  interference  with 
breathing. 

NOTE:  It  is  recommended  that  the  larvicide  be  a 
different  chemical  from  that  used  for  adult  control.  For 
example,  it  may  be  desirable  to  use  fuel  oil  with  a  spreading 
agent  as  a  larvicide,  and  malathion  as  an  adulticide.  Prior  to 
implementing  any  type  of  control  program,  insure  that  the 
program  is  one  that  has  been  approved  by  appropriate 
agencies. 

Methoprene  offers  the  newest  approach  in  larval 
mosquito  control.  It's  a  type  of  insect  growth  regulator  that 
acts  as  a  selective  chemical  control  agent.  Applied  during 
the  2nd,  3rd,  or  4th  larval  instar,  methoprene  prevents 
development  beyond  the  pupal  stage.  It's  effective  against 
all  genera  of  mosquitoes  discussed  except  Coquillettidia 
and  Mansonia.  (These  species  develop  well  below  the  water 
surface,  but  methoprene  tends  to  stay  near  the  water 
surface,  so  know  what  you're  controlling — survey — before 
you  use  methoprene.) 

Aduli  mosquito  control.  You  can  effectively  control 
adult  mosquitoes  by  applying  chemicals  as  aerosols,  mists, 
fogs,  dusts,  and  residuals. 

Aerosol  bombs  are  used  to  kill  mosquitoes  in  homes, 
temporary  lodging  facilities,  and  field  tents.  A  few  seconds' 
release  of  the  aerosol  will  kill  all  species  of  mosquitoes  (and 
flies,  midges,  and  gnats)  in  an  ordinary-sized  room,  tent,  or 
trailer.  It  is  not  hazardous  to  humans  if  used  as  directed  on 
the  container. 

Ultralow  volume  aerosoling  operations  are  conducted 
during  the  late  afternoon  and  early  evening,  at  night,  or  in 
the  early  morning  when  the  air  is  calm,  or  winds  vary  from 
1  to  6  miles  an  hour.  If  winds  are  exceptionally  strong, 
droplets  are  dispersed  so  swiftly  that  eftectiveness  is 
reduced. 

Space  spraying  is  the  chief  activity  of  many  organized 
mosquito  abatement  districts  and  is  (wrongly)  the  only 
method  used  by  an  even  larger  number  of  communities  that 
attempt  to  reduce  mosquito  annoyance. 

Control  of  adult  mosquitoes  by  space  spraying  gives  only 
temporary  control.  If  mosquito  populations  are  high,  and 
the  species  are  strong  fliers,  such  as  pest  mosquitoes  in  the 
genera  Aedes,  Cuiex,  Mansonia,  and  Psorophora, 
migration  back  into  the  area  may  occur  following  treatment 
making  daily  applications  necessary. 
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Exercises  (610): 

1.  What  major  categories  of  IPM  are  applicable  to  larval 
mosquito  control? 


VihdX  major  categories  of  IPM  are  applicable  to  adult 
mosquito  control? 


c.  Chemical  control. 


4.  What  actions  would  you  encourage  from  housing 
-esidents? 

a. 


b. 


Questions  3  through  5  are  based  on  this  situation: 

At  a  Southeastern  U.S.  base,  you've  been  getting  high 
counts  of  Aedes  aegypti  and  Anopheles 
quadrimaculatus  in  your  surveys.  The  area  involved  is 
an  old  base  housing  area  with  many  large  trees.  On  one 
side  it's  surrounded  by  trees  and  fields;  on  another  side 
is  a  periodically  stocked  pond  with  slow-moving  water 
and  patches  of  tall  aquatic  vegetation. 

3.  What  actions  would  you  take  regarding  the  pond? 
a.  Cultural  control. 


5.  What  chemical  controls  would  you  use  in  the  housing 
area? 


b.  Biological  control. 


b. 
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CHAPTER  2 


Flies 


FLIES  ARE  PESTS  both  indoors  and  out.  More  important, 
many  flies  breed  in  excrement  and  filth  from  which  they 
carry  disease-causing  organisms  to  food,  drinking  water,  or 
directly  to  the  human  body.  Throughout  the  world,  flies 
serve  as  mechanical  and  biological  carriers  of  organisms 
that  cause  some  of  the  most  common  and  important 
diseases,  such  as  typhoid  fever,  diarrhea,  dysentery,  and 
cholera.  Larvae  of  some  fly  species  infest  man  or  animals 
and  cause  serious  sickness  or  even  death,  while  other 
species  attack  and  destroy  crops.  Today,  we  know  that 
reducing  fly  populations  is  essential  to  human  well-being 
and  reducing  many  serious  and  widespread  diseases. 

You  can  control  flies  most  effectively  if  you  can  identify 
each  species,  know  the  life  cycle  and  habits  of  problem 
species,  and  understand  the  dynamics  of  fly  populations. 
Present  fly  control  methods  are  only  partially  effective; 
ready  answers  cannot  be  given  to  every  fly  problem. 
However,  recognized  techniques,  judiciously  employed, 
can  often  reduce  the  numbers  of  flies  and  decrease  the 
transmission  of  flyLome  diseases.  Improved  environmental 
sanitation,  the  primary  control  measure,  reduces  the 
prevalence  of  many  fly  species  and  furnishes  dividends  in 
better  living  conditions  for  people. 

2-1 .  The  Importance  of  Flies  to  People 

Flies  are  important  to  us  because  of  their  annoying  habits 
and  ability  to  spread  diseases  and  destroy  agricultural 
products. 

611.  List  the  ways  flies  are  important  to  people  and 
name  diseases  certain  flies  carry  or  create. 

Annoy.  Domestic  flies  can  affect  individual  efficiency 
and  productivity  because  of  the  amount  of  time  expended 
swatting  and  driving  them  away.  Domestic  flies  can  affect 
morale  of  individuals  because  of  disruptions  to  picnics  and 
other  outdoor  recreational  activities. 

Bite.  Not  all  flies  bite,  but  those  that  do  may  cause 
serious  trouble.  Biting  flies  do  not  have  venom  in  the  usual 
sense.  Instead,  the  effects  of  their  bites  result  from  the 
human  reaction  to  saliva  poured  into  the  bite  wound  to 
prevent  clotting  of  the  blood  during  feeding.  Frequently, 
biting  flies,  such  as  blackflies,  punkies,  horseflies,  and 
deerflies,  seriously  interfere  with  such  activities  as  fanning. 


hiking,  camping,  and  outdoor  sports,  particularly  in  coastal 
areas  or  in  the  northern  part  of  the  United  States.  For 
susceptible  people,  bites  may  produce  severe  lesions,  hard 
knots  beneath  the  skin,  secondary  infections,  high  fever, 
:md  general  disability.  The  stable  fiv  is  common  around 
human  habitations  and  its  bite  can  be  quite  severe. 
Blackflies  bite  viciously,  sometimes  attacking  in  such 
numbers  that  they  kill  the  victim.  In  the  Balkans  in  1923, 
over  16,000  domestic  animals  were  killed  by  blackfly 
attack.  Eye  gnats  do  not  bite,  but  their  rasping  mouthparts 
damage  the  delicate  membranes  of  the  eye. 

Transmit  Diseases.  Flies  transmit  disease  both 
mechanically  and  biologically.  Many  flies,  particularly  the 
housefly  and  other  domestic  flics,  have  filthy  habits  that 
make  them  efficient  vectors  of  disease.  Flies  spread 
pathogens  (disease-causing  organisms)  in  five  ways:  (1)  on 
their  mouthparts,  (2)  through  their  vomitus,  (3)  on  their 
body  hairs,  (4)  on  the  sticky  pads  of  their  feet,  and  (5) 
through  the  intestinal  tract  by  means  of  fly  feces.  The 
housefly  is  considered  by  many  authorities  to  be  the  most 
widely  distributed  as  well  as  the  most  dangerous  insect 
closely  associated  with  humans. 

Mechanical  vectors.  Under  optimum  conditions,  flies 
can  be  as  effective  in  spreading  enteric  infections  as  are 
fingers,  dirty  eating  utensils,  and  contaminated  food.  As  a 
typical  example,  a  housefly  feeds  on  human  feces  in  a  privy 
used  by  a  person  suffering  from  diarrhea  and  later  alights  on 
food  being  prepared  in  a  kitchen.  The  fly  inoculates  the 
food  with  pathogenic  bacteria,  such  as  the  diarrhea  bacteria 
(Shigella)  or  the  typhoid  bacillus  (Salmonella  typhi),  which 
multiply  rapidly  in  the  food.  When,  hours  later,  the  food  is 
eaten,  the  people  become  infected  and  develop  diarrhea. 

Doniestic  flies  (particularly  the  housefly)  mechanically 
transmit  organisms  causing  bacillary  dysentery,  infantile 
diarrhea,  typhoid  fever,  paratyphoid  fever,  cholera, 
amoebic  dysentery,  giardiasis,  and  pinworm,  roundworm, 
and  tapeworm  infections. 

Hies  with  rasping  mouthparts,  such  a  eye  gnats,  arc 
reported  to  cany  the  organisms  that  cause  trachoma, 
epidemic  pinkeye  or  conjunctivitis,  and  yaws.  There  is  also 
evidence  that  the  organisms  that  cause  tularemia  and 
anthrax  are  transmitted  mechanically  on  the  mouthparts  of 
deerflies  and  horseflies  from  an  infected  animal  to  a  healthy 
one. 

Biological  vectors.  Many  species  of  bloodsucking  flies 
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serve  both  as  vectors  and  as  intermediate  hosts  of 
pathogens,  particularly  of  protozoa  and  helminths  causing 
human  diseases.  This  phenomemon  is  known  as  the 
biological  transmission  of  disease-causing  organisms. 
Examples  include  the  tsetse  flies  of  Africa,  vrh^ch  transmit 
the  trypanosomes  causing  African  sleeping  sickness  of 
humans  and  nagana  of  animals,  the  blackflies  which 
transmit  the  worms  causing  onchocerciasis  (blinding 
filar-asis)  in  Africa  and  Latin  America,  and  the  sandflies 
which  transmit  protozoa  causing  many  forms  of 
leishmaniases  in  Europe,  Asia,  Africa,  and  Central  vid 
South  America.  Other  diseases  having  this  type  of 
epidemiology  include  loasis  (African  eye  worm  disease), 
bartonellosis  (oroya  fever)  of  South  America,  and  sandfly 
fever  of  the  Mediterranean  region. 

Cause  of  Myiasis.  Many  species  of  flies  lay  their  eggs  or 
larvae  on  the  flesh  of  mammals,  including  man.  The  larvae 
then  invade  the  flesh  of  the  host  animal,  producing  a 
condition  known  as  myiasis.  Cattle  and  sheep  fire 
conmionly  afflicted,  as  are  many  wild  animals,  such  as 
rabbits  and  deer.  T^ical  examples  of  this  type  of  myiasis 
are  the  screwworm  maggots  in  cattle  and  the  botfly  larvae 
in  horses.  In  addition,  people  may  eat  food  infested  with 
fly  larvae.  If  the  larvae  survive  the  gastric  juices  and  live  in 
the  alimentary  canal,  intestinal  myiasis  manifested  by 
queasiness  and  diarrhea  frequently  results.  Typical 
examples  of  intestinal  myiasis  are  caused  by  eating  such 
foods  as  fish,  meat,  or  cheese  infested  with  flesh  fly  larvae 
or  cheese  skippers,  or  by  drinking  water  containing  rat- 
tailed  maggots. 

Destroy  Agrkoltural  Products.  Many  species  of  flies, 
such  as  the  Hesshan  fly,  cabbage  maggot,  onion  maggot, 
apple  maggot,  clover  seed  midge,  and  seed  com  maggot, 
attack  and  danmg^  ;>lants  directly.  Some  flies  transmit 
organisms  causing  plant  disease,  such  as  bacterial  soft  rot  of 
vegetables;  fire  blight  of  iqpple,  pear,  and  quince;  ergot  of 
rye  and  wheat;  olive  knot;  and  bacterial  rot  of  apple.  In 
addition,  flies  suck  blood  and  aimoy  cattle  to  such  an  extent 
as  to  decrease  milk  and  meat  production,  cause  myiasis  in 
many  domestic  animals,  and  transmit  diseases  such  as 
anthrax. 

Exercises  (611): 
1 .  What  are  the  ways  flies  affect  humans? 


2.  In  what  five  ways  do  flies  spre^  pathogens? 


3.  List  six  diseases  that  domestic  flies  can  transmit 
mechanically. 


4.  What  disease  can  occur  if  people  eat  food  infested  with 
fly  larvae  and  the  larvae  survive  the  gastric  juices? 
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2-2.  General  Characteristics  of  Files 

There  are  certain  anatomical  and  life  cycle  characteristics 
conmion  to  most  flies.  Flies  are  insects  l>elonging  to  the 
order  Diptera. 

612.  Indicate  the  general  characteristics  of  flies. 

Anatomy.  Adult  Diptera  are  distinguished  from  all  other 
insects  by  the  following  two  characters:  (1)  two  wings  (the 
scientific  name  is  derived  from  Di  =  two;  pteron  =  wing), 
whereas  most  other  adult  insects  have  four  wings;  and  (2) 
two  halteres,  the  tiny  knoblike  structures  located  behind  the 
wings  that  represent  the  rudimentary  second  pair  of  wings. 
The  relatively  few  wingless  adult  flies  always  have 
halteres. 

Adult  flies  have  three  distinct  body  regions:  head,  thorax, 
and  abdomen.  The  head  bears  a  pair  of  very  large 
compound  eyes  which  often  comprise  most  of  the  head,  one 
pair  of  antennae  and  the  mouthparts,  which  are  adapted  for 
piercing  and  sucking,  rasping,  or  sponging,  depending  on 
the  species.  The  thorax  consists  of  three  segments  called 
the  prothonui,  mesothorax,  and  metathorax,  each  of  which 
bears  a  pair  ol  legs.  Each  leg  is  composed  of  a  basal,  coxa, 
short  trochanter,  relatively  strout  femur,  slender  tibia,  and  a 
five-segmented  tarsus.  The  single  pair  of  wings  is  fastened 
to  the  mesothorax  and  the  halteres  to  the  mesothorax,  each 
of  which  bears  a  pair  of  legs.  The  long  veins  which  reach 
the  wing  margin  in  domestic  flies  are  termed  Sc  (for 
subcosta),  then  1,  2,  3,  4,  5,  6.  The  shape  of  the  vein  4 
(straight,  curved,  or  angled)  is  used  in  identification  (figs. 
2-1  and  2-2).  The  abdomen  is  composed  of  from  four  to 
nine  segments  and  the  genital  organs. 

Life  Cycle.  Flies  have  four  stages  in  their  life  cycle:  egg, 
larva,  pupa,  and  aduH.  They  develop  by  complete 
metamorphosis  (fig.  2-S>.  A  few  species,  such  as  some 
flesh  flies,  retain  the  eggs  within  the  body  of  the  female 
until  hatching  and  give  birth  to  larvae.  In  general,  the  larvae 
feed  differently  and  occupy  a  different  habitat  from  that  of 
the  cdult.  Larvae  of  most  flies  are  commonly  called 
maggots.  The  pupae  of  many  flies  are  enclosed  in  a  tough 
skin  known  as  a  puparlum  and  do  not  move  very  much.  The 
time  required  for  development  from  egg  to  the  adult  varies 
greatly,  from  a  few  days  to  more  than  a  year,  depending  on 
the  species  of  fly,  and  environmental  conditions, 
particularly  the  temperature  and  humidity. 

Exercises  (612): 

Place  the  letter  "T*'  in  front  of  the  correct  statements. 
Correct  any  false  statements. 

  1.  Flies  belong  to  the  order  Diptera  and  have  two 

wings. 


 2.  All  flies  have  mouthparts  that  are  adapted  for 

piercing  and  sucking,  rasping,  and  sponging. 
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thorax  dull,  ■bdoman  dull 


thorax  dull,  abdoman  shiny 


H  

I 
I 
I 
I 
I 
I 
I 
I 
I 

Calliphora  tpp.  nnd 
Cynomyoptis  tpp. 
BLUE  BOTTLE  FLICS 


thorax  shiny,  abdoman  shiny 


•.smaUm/^  inch  lor**) 
4  thoracic  stripas,  indik..nct 


madium  siza  (abought  1/4  inch  long) 
4  thoracic  stripas,  oftan  indistinct 


Fannia  spp.. 


larga  (usually  ovar  1/3  inch  long) 
^  distinct  thoracic  strips 
abdoman  with  rad  tip 


r 

thoracic  stripas  distinct 
sidas  of  abdoman  pala 
aract  whan  rasting 
thorax  without  pala  spots 


 L_  jL-:r!i^^^jLiip}i?£FL.Es  /   \__  I  ^Jifs^  I'itl  _  L  


"squtts"  whan  rasting 
pala  spot  bahind  haad 


Musca  domcstica 

HOUSE  FLYl 


color  black 
madium  slza  (1/4  inch  long) 


Ophyra  spp 


thoracic  stripas  indistinct 
sIdas  of  abdoman  dark 


aract  whan  rastirtg 
pala  spot  on  scutollum 


Stomoxys  calcitrans 
STABLE  FLY  I 


Muscina  tpp. 

—  — —  —  »  — ,J»____^_'^''^'^_':1^,^^^^^_^_^^^''SE  STABLE  FLiES^ 


color  graan  to  bronza 


Phormla  r«gin« 


DUMP  FLIES  /        ^  I  BLACK  SLOW  *! 


FLY 


l«- 


3  thoracic  ttripat 


color  graan 


without  thori'Cic  ttripat 


Cochllomyia  macailaria 
SECONDARY  g 
SCREW  WORM  FLY 


 1  

I 
I 
I 
I 
I 
I 
I 
I 
I 

Phaantcia  sartcata 
GREEN  I 
BOTTLE  FLY  j 


^ro 


color  bronza 
without  thoracic  ttripat 


Phaanicia  cuprin 
BR0N2E 
30TTLE  FLY 


Bgure  2-1 .  Pictoral  key  to  common  domestic  fUes. 
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PiaORIAL  KEY  TO  PRINCIPAL  FAMNJIS  OF  DIPTERA  OF  PUBLIC  HEALTH  IMPORTANa 


i^»<rwso*  o4  O  or  mor«  dttiind 
Mgmonli«u»woliy  otonooU 


 I  


4  or  5  po«torioc  colls 


wwro  itMn  S  poo* 
*orior  eoilo  (AntoAf>oo 
9  MQmowuO 


I  1 

AntorvMO  •hort.of  K)-tl  009-  •  Antonnoo  iS-ie  Momo<^tod. 
montt.  Poottrlor  volnt  fino       olOAfiOto.  foitanV  voin* 

»»ol  wmiouoHir  flf»o 


Vd  voiA  «4IK  9A 
hoKlM  «4n«  Hp 


bolofo  wing  tip 


4bdomon  f^\\%f^t'rABANlDAe 


SmSTiOMYtOAe 


A.  2nd  oftlonnol  loginoM  «Hh  loom. 

B.  MoooAotol  owhim  oompmo 


A.  Coofo  onding  btf««  v<n«  Wng  «Mi  ooolt  eonttnuod  orouod 

|.  Wlno  volM  roducod.  OMi «««  mIm  numorout,  mtokly 

e.  VMtnwfi  of       vorj^tM*^.  ON  «M  hokt  or  oootot 


r 


A,  tnd  onlinnol  ooiflworii  ■ft^oul  pooNK         ^Mao  %iMti 
%.  MiionoW  ntwco  fcco<^p>of  or  ofaon         «!  •^otrt  IHo  ««ddlo 


HvpopltMro  bort,or  tlipoplOM'  iltiofov  HypOMMM  «Nti  tong«  Ool  wbnoooo  uMfOthr  prooofV. 
«Hh  •poroo.flno  hoM     of  otiwg  trHHoo        uouoTly  donM  hoiro.   ISnwlt  fHoo  mroly  rololMd 

Moyfl^om  voottfiol   by  o  i6-m« 


undoirotopod 


M  «t%rtaMO  otoofit. 
(SiM  MwOlly  loraor,  or 
 ■ — ■  — ^  m  ftmio) 


CVwrtowo  «0W«  o^oont.  Anoi  ooll  no(  noofiy 
^    roocMng  morgm  ol  wiog)  ^ 

ft  aSIoi'miT'm!!!!*"^     ^  Anol  coll  ohort.    A«oi  coH  opm«» 

roooh—        wontii        row>oio^»ipoowflr  fi^^iii*^ 


Body  dull  lo  niMlofOloly  oMaIaq 


ICAntonnoo  oppofoirtly  t»  ooywofttod.  ^^>lpl  not  tofQO  I 
ond  brlpMy.^polortor  voino  olrof^o*  wWH  ^rooo  voino)  | 

A.  AnlMmoo  opporonHy  t'OoomonftoA  A.  Mowthpttcto  Htldi .      A.  Moiiltiporto  not  IMdt  ond  A.       S  mMIi 

B.  P0lpi  tor^o^tHofly.  cn^otortor      floolMk  a  (Of  Mi4        flooHy.  &  lot  Mnd  toioal  trTOQylor<>y. 
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Figure  2-2.  Pictoral  key  to  families  of  flies. 
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BEST  COPY  AVAILABLE 


COMPOUND 
EYE 


SPONGING 
MOUTH 
PART 


Adult  Stage 

Feeding  habits  of  flies  differ, 
depending  on  the  type  of  mouth 
parts  they  have  1)  Sponging  type  — 
feed  on  liquids  or  solids,  which 
have  been  pre-dissolved  with 
saliva;  2)  Piercing  type  —  pierce  or 
penetrate  the  skin  to  suck  blood. 
Mosquitoes  have  piercing  mouth 
parts. 


COMPOUND 
EYE 


En  Stane 

Most  fly  species  lay  eggs  in  decaying 
vegetable  matter  manure  and  other 
warm  damp  areas. 


PIERCING 
SUCKING 
MOUTH 
PART 

FLY 
LIFE 
CYCLE 


Pupa  Stage 

During  the  pupa  stage  che  larva 
changes  into  an  adult.  The  pugm  has  a 
hard  shell. 


Larva  Stage 

Fly  larvae  or  maggots  hatch  from  the 
eggs  in  a  few  days  and  feed  on 
microscopic  organisms.  Many  farmers 
have  learned  to  control  the  f\y  at  this 
stage. 

 _  


Figure  2-3.  Fly  life  cycle. 


3.  Each  section  of  the  thorax  has  a  pair  of  legs. 


4.  The  abdomen  is  used  for  identification. 


5.  Flies  have  five  stages  in  their  life  cycle:  egg,  larva, 
pupa,  maggot,  and  aduh. 


6.  Some  female  flics  give  birth  to  larvae. 


7.  The  larvae  of  most  flics  arc  commonly  called 
maggots. 


2-3.  Important  Fly  Species 

There  arc  many  fly  species  with  which  you  should  be 
familiar.  First,  you  will  rcad  about  the  housefly,  one  of  the 
most  common  around  humans. 

613.  Cite  identiflcaMon  features  and  bloiogical 
characteristics  of  hausetlies. 

Houseflies.  The  housefly  (Musca  domestica),  (fig.  2-4) 
is  a  small  species,  6  to  9  millimeters  (mm)  long  with  a  dull 
thorax  and  abdomen.  The  thorax  has  four  longitudinal  dark 
stripes,  the  sides  of  the  abdomen  arc  usually  pale  and  the 
fourth  wing  vein  is  sharply  angled,  ending  before  the  wing 
tip. 

The  housefly  and  its  relatives  are  often  termed  domestic 
species  because  of  their  close  association  with  people. 
Adult  flies  feed  on  human  foods  (which  is  what  makes  them 
pests  in  the  first  place),  and  the  larvae  arc  often  most 
abundant  in  human  wastes  such  as  excrement,  garbage,  and 
open  dumps. 

You  can  find  the  housefly  throughout  the  United  Slates 
and  it  is  usually  the  most  abundant  species  found  in  homes 
and  rcstraurants. 
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Figiire  2-^,  Housefly  {Musca  domestica). 


Because  of  the  housefly's  close  association  with  people 
and  their  food,  its  habit  of  breeding  in  human  excrement 
and  other  filth,  its  abundance,  and  its  ability  to  transmit 
germs,  it  is  considered  to  be  a  greater  threat  to  human 
welfare  than  any  other  species  of  flies. 

Life  cycle.  The  development  stages  of  the  housefly  take  8 
to  20  days  under  average  summer  conditions.  The  female 
begins  egg  laying  4  to  20  days  after  she  emerges  as  an  adult. 
The  small,  white,  oval  eggs  about  1  millimeter  long  are 
deposited  in  batches  of  75  to  150.  Five  or  six  batches  arc 
laid  during  the  lifetime  of  the  average  female,  for  a  total  of 
about  500  eggs  per  female.  Eggs  arc  usually  ph-ed  in 
cracks  and  crevices  in  the  breeding  material  away  from 
direct  light.  Hatching  occurs  in  12  to  24  hours  during  the 
summer  months.  The  active  young  larva  burrows  at  once 
into  the  breeding  media,  using  its  two  mouth  hooks  for 
tearing  and  loosening  food  particles  and  for  working  its  way 
along.  The  three  larval  instars  last  3  to  24  more  days.  The 
usual  time  during  warm  weather  is  4  to  7  days.  Larvae 
regulate  their  temperature  by  moving  to  various  levels  in 
the  breeding  material.  Studies  indicate  that  feeding  larvae 
choose  temperatures  from  86*"  to  95^  F.;  those  ready  to 
pupate  prefer  lower  temperatures.  The  distribution  of  larvae 
in  the  breeding  media  under  natural  conditions  is  believed 
to  depend  chiefly  on  temperature  and  moisture  and,  to  a 
lesser  extent,  upon  odors.  When  grCvVth  is  completed, 
larvae  migrate  to  dr.er  portions  of  the  media  or  leave  it 
entirely  to  barrow  into  soil  or  imder  debris  to  pupate . 

The  mature  larva  is  about  12  mm  long  and  creamy  white 
in  color.  It  is  conical  and  has  two  daric  mouth  hooks  at  the 
anterior  (front)  end  and  two  oval  3piracular  plates  at  the 
broad  posterior  end.  It  is  easily  distinguished  from  other  fly 
?  'wae  by  the  three  sinuous  slits  in  each  spiracular  plate . 

When  ready  to  pupate,  the  larva  contracts  undl  the  skin 
ft  ms  a  capsulelike  case  about  6  mm  long.  This  case  (the 
puparium)  encloses  the  true  pupa  that  is  immobile  and  takes 
no  food.  The  pupal  stage  ordinarily  lasts  4  to  5  days,  but 
may  be  as  short  as  3  days  at  temperatures  around  95**  F. ,  or 
up  to  several  weeks  at  low  temperatures.  When  the  pupal 
perioc  is  complete,  the  fly  breaks  open  the  end  of  the 
pup'-^ium  by  the  expansion  of  a  bladderlike  organ,  the 
p^iiiinum,  located  on  the  front  of  the  head.  The  fly  then 


works  its  way  out  of  the  puparium  and  up  to  the  surface  of 
the  soil.  Here  the  wings  unfold  and  the  body  expands,  dries, 
and  hardens.  This  change  takes  about  1  hour  under  summer 
conditions.  Adulthood  is  reached  in  about  15  hours.  Mating 
may  then  take  place . 

Breeding  media.  Almost  any  type  of  warm  moist  organic 
material  contains  suitable  nourishment  for  housefly  larvae. 
Animal  manure  is  an  excellent  breeding  mediuni, 
accounting  for  as  many  as  95  percent  of  the  houseflies  in 
some  rural  areas.  Fresh  horse  manure  may  produce  as  many 
as  1200  larvae  per  pound.  Manure  of  other  animals  (cows, 
pigs,  rabbits,  fowl,  etc.)  is  also  very  suitable.  Human 
excrement,  often  loaded  with  organisms  pathogenic  to 
humans,  is  a  dangerous  source  of  fly  breeding.  Breeding 
occurs  in  privies,  in  exposed  feces,  and  in  incompletely 
digested  sludge  from  sewage  treatment  plants.  Garbage  and 
pet  manure  are  almost  always  the  most  important  source  of 
houseflies  in  urban  communities.  Hy  breeding  may  be  a 
problem  if  garbage  is  dumped  indiscriminately  on  the 
premises  or  if  it  is  stored  in  inadequate  containers.  Open 
garbage  dumps  produce  large  numbers  of  flies. 

Adult  food.  The  adult  housefly  is  very  active,  moving 
about  busily  from  one  attractant  to  another  throughout  most 
of  the  daylight  hours.  It  is  strongly  attracted  to  feces  and 
other  types  of  decaying  organic  material,  as  well  as  to  milk 
and  foods  intended  for  human  consumption.  Under  natural 
conditions,  houseflies  seek  a  wide  variety  of  food 
substances  and  thereby  obtain  a  balanced  diet.  Because  of 
the  nature  of  the  houseflies*  mouthparts,  their  food  must  be 
in  liquid  form  or  must  be  readily  soluable  in  their  salivary 
and  crop  secretions.  The  liquid  food  is  sucked  up  through 
the  spongy  labellum  at  the  tip  of  the  proboscis.  Water  is 
essential,  and  houseflies  will  not  ordinarily  live  more  than 
48  hours  without  it.  Sugar  or  starch  is  necessary  for  long 
life,  and  protein  is  required  for  egg  production.  Conunon 
sources  of  food  are  milk,  sugar,  blood,  meat  broth,  and 
many  other  foods  found  commonly  in  and  around  human 
habitations.  Two  or  three  feedings  a  day  are  necessary.  As 
the  housefly  moves  about  over  various  items,  it  periodically 
regurgitates  liquid  from  the  crop  and  tests  the  surface  with 
its  proboscis,  producing  light,  straw-colored  spots  known  as 
vomit  spots.  Darker  spots  which  may  be  observed  are  fecal 
spots,  which  you  may  find  on  glass,  walls,  ceilings,  light 
strings,  electric  wires,  and  on  other  surfaces  where  flies 
rest.  Accumulations  of  fly  specks  are  good  indicators  of 
habitual  resting  places  of  flies. 

Resting  places.  Flies  rest  much  of  the  time  and  show  a 
strong  preference  for  edges.  They  rest  indoors  on  light 
strings  and  electric  wires,  walls,  ceilings,  and  other  places. 
They  vest  outdoors  on  fences,  electric  wires,  edges  of 
buildings,  weeds  and  vegetation,  particularly  branches. 
Ries  are  essentially  inactive  at  night  and  their  nighttime 
resting  places  are  usually  protec:ted  from  the  wind. 

Flight.  Housefly  populations  can  disperse  rapidly  into 
new  areas  by  flight.  Although  houseflies  cruise  at  only 
about  4  miles  per  hour  and  wander  somewhat  aimlessly, 
they  travel  as  far  as  6  miles  (as  the  crow  flics)  within  24 
hours,  and  eventually,  as  far  as  20  miles. 

Longevity.  Adult  lifespan  depends  mainly  on  the 
availability  of  food  and  water,  and  upon  temperature. 
ObservatiotiS  during  midsummer  in  Texas  indicate  that 
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when  well  fed,  flies  live  2  to  4  weeks.  In  another  test,  adult 
flies  survived  70  days  under  experimental  conditions.  In 
hibernation,  flies  may  live  over  winter,  often  from  October 
to  April. 

Temperature.  Ries  are  inactive  at  temperatures  below 
45*'  F.  and  are  killed  by  temperatures  slightly  below  32°  F. 
Flight  begins  when  air  temperature  is  about  53°  F.  and 
complete  activity  occurs  when  it  reaches  about  70°  F. 
Maximum  activity  is  reached  at  90°  F.  with  a  rapid  decline 
at  higher  temperatures  until  112°  F.  which  produces 
paralysis  and  death.  (This  is  proof  that  there  is  at  least  one 
advantage  to  living  in  a  hot  spot  like  Texas.) 

Humidity.  The  effects  of  humidity  are  closely  related  to 
those  of  temperature,  and  it  is  difflcult  to  assess  one  without 
considering  the  other.  Lethal  effects  of  both  high  and  low 
temperatures  are  more  marked  when  humidity  is  high. 
Above  60°  F.,  flies  live  longest  at  a  relative  humidity  of  42 
to  55  percent.  Below  68°  F.,  they  are  active  and  long-lived. 
Flies  reach  a  physiological  optimum  at  high  temperatures 
and  low  humidities.  This  characteristic  correlates  with  their 
great  abundance  in  desert  areas. 

Light  Flies  arc  phototropic;  that  is  they  generally  move 
toward  light.  The  success  of  the  ordinary  fly  trap  depends 
upon  this  trait.  The  bait  attracts  flies  to  tlie  lower  part  of  the 
trap,  and  they  arc  captured  when  they  leave  the  bait  and 
move  around  toward  the  light.  Plies  are  inactive  at  night, 
but  they  will  resume  activity  under  artificial  illumination. 
The  effects  of  light  on  fly  activity  are  closely  correlated 
with  those  of  temperature  and  humidity. 

Wind.  Flies  are  sensitive  to  strong  air  currents  and  are  not 
likely  to  venture  out  on  extremely  windy  days.  However, 
some  are  caught  and  carried  great  distances  by  high  winds 
(such  as  hurricanes).  Houseflies,  probably  windbome,  have 
been  collected  over  the  ocean  more  than  100  miles  from 
shore.  At  lower  velocities,  flies  may  travel  with  the  wind  or 
against  it.  They  will  move  upwind  against  moderately 
strong  winds  toward  an  attractive  odor,  but  downwind  on 
light  breezes  not  bearing  attractive  odors. 

Natural  enemies.  Organisms  in  its  environment  are  of 
great  wTiportance  to  the  housefly.  Most  of  these  organisms 
do  no  harm,  but  sone  are  parasites  or  predators.  Natural 
enemies  of  flies  include  fungi,  bacteria,  protozoa, 
roundworms,  other  arthropods,  amphibians,  reptiles,  birds, 
and  certain  mammals,  especially  people. 


d.  Fourth  wing  vein. 


2.  Under    summer    conditions,    how    long    is  the 
developmental  p>eriod  for  houseflies? 


3.  Where  does  the  female  housefly  usually  lay  her  eggs? 


4.  List  the  typ>es  of  breedmg  media  commonly  used  by 
houseflies. 


5.  What  four  basic  food  elements  do  iiouseflies  need? 


6.  How  often  must  houseflies  feed? 

7.  At  what  temperatures  do  houseflies 

a.  become  inactive? 

b.  begin  flight? 


c.  die? 


8.  In  general,  how  does  humidity  affect  the  lethal  effects 
of  high  and  low  temperatures? 


Exercises  (613): 

1.  Cite  the  general  identification  features  of  houseflies 
for  each  of  the  following: 

a.  Length. 


In  general,  hew  docs  humidity  affect  the  lethal  effects 
of  hi  gh  and  low  temperatures? 


b.  Thorax. 


c.  Abdomen. 


614.  Associate  variovs  CM^arr  Jtenstics  df  domestic  flies 
with  the  fly  described. 

Little  Houseflies  (Fannia  ^pp.).  Little  houseflies  are 
small  flies  seldom  more  than  /  mm  long.  They  resemble 
houseflies  in  having  a  dull  thorax  and  abdomen,  but  differ 
in  having  only  three  relatively  inconspicuous  {'anc 
longitudinal  stripes  on  the  thorax  and  the  fourth  wing  vein  is 
^'♦raigh:  (fig.  2-1).  Also  unlike  the  housefly,  the  little 
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housefly  can  be  found  throughout  a  house,  seldom  on  a 
spread  table.  The  adults  are  frequently  seen  hovering  in 
midair  outdoors  or  less  commonly  in  the  middle  of  a  room. 
Little  houseflies  lay  their  eggs  particularly  in  the  excrement 
of  humans,  horses,  cows,  and  [>oultry,  or  sometimes  in  piles 
of  decaying  grasses  piled  up  on  lawn  ^.  The  eggs  hatch  in 
about  a  day  and  the  flattened,  spiny  larvae  complete  their 
development  in  a  week  or  two  depending  on  temperature. 
Fannia  are  of  less  imp)ortance  as  household  pests  or  disease 
vectors  than  the  housefly.  However,  there  arc  numerous 
records  of  larvae  of  this  genus  causing  myiasis  in  man. 

Stable  Fly  (Stomoxys  calcitrans).  The  stable  fly  is 
distinguished  from  all  other  common  domestic  flies  by  its 
piercing  proboscis,  which  protrudes  bayonetlike  in  front  of 
the  head  (fig.  2-i).  This  species  is  5  to  7  mm  long,  has  a 
dull  thorax  with  four  dark  longitudinal  stripes,  a  pale  spot 
behind  the  head,  and  a  dull  abdomen  with  dark  S[>ots.  The 
fourth  wing  vein  is  gently  curved  and  ends  near  the  wing 
tip.  Both  males  and  females  are  vicious  biters,  attacking 
people  and  a  variety  of  animals.  The  female  lays  her  eggs  in 
plant  waste  more  often  than  in  manure.  She  may  lay  eggs  in 
old  strawstacks,  piles  of  fermenting  weeds,  grass,  peanut 
hay,  or  stable  manure  well  mixed  with  straw  or  hay.  The 
stable  fly  is  a  major  pest  along  the  seashore,  particularly  on 
the  gulf  coast,  where  it  is  known  as  the  dog  fly.  It  lays  its 
eggs  in  piles  of  marine  weeds  on  the  beaches  and  is  a 
serious  pest  in  late   summer  and  early  fall.  Larval 
development  takes  8  to  30  days  or  more,  depending  on 
temperature.  The  stable  fly  is  not  considered  an  important 
agent  in  mechanical  transmission  of  organisms  causing 
intestinal  diseases.  It  does  not  breed  in  human  excrement 
and  is  not  commonly  attracted  to  feces  or  garbage.  It  is 
therefore,  less  likely  to  pick  up  germs  of  diarrhea  and  other 
intestinal  diseases. 

Because  of  its  bloodsucking  habits,  the  stable  fly  has 
been  suspected  of  transmitting  a  number  of  diseases, 
especially  anthrax.  Stable  fly  larvae  have  been  reported  as 
causing  myiasis  in  humans  and  domestic  animals. 

False  Stable  Files  (Musclna  spp.).  False  stable  flies  are 
slightly  larger  and  have  heavier  bodies  than  house  flies, 
averaging  about  8  nun  long.  These  insects  have  a  duU 
thorax  and  abdomen,  with  blackish  markings,  like  the 
housefly,  but  differ  in  having  a  pale  tip  of  the  scuttellum 
and  the  fourth  wing  vein  gently  curves  and  ends  at  about  the 
wing  tip  (fig.  2-1). 

False  stable  flies  breed  in  decaying  animal  and  vegetable 
matter  and  are  commonly  found  in  scattered  garbage.  The 
larvae  become  carnivorous  as  they  near  maturity  and 
destroy  other  fly  larvae  they  encounter.  Larval  development 
averages  IS  to  25  days.  The  adult  fly  enters  houses 
frequently  and  is  attracted  to  like  foods,  meat,  fruit,  and 
vegetables.  It  vectors  disease  organisms,  and  there  are 
reports  of  human  intestinal  myiasis  that  probably  resulted 
from  ingesting  foods  containing  eggs  of  Muscina. 

Dump  Files  (Ophyra  spp.)*  Dump  flies  are  shiny  black 
flies,  smaller  than  the  housefly,  with  the  fourth  wing  vein 
straight  (fig.  2-1).  They're  widely  distributed  throughout 
the  United  States  and  are  often  abundant  in  cities.  You  may 
often  find  them  in  fly  trap  collections,  particularly  those  set 
near  garbage  disposal  sites,  hence  their  common  name. 
Some  researchers  report  that  the  larvae  develop  in  human 


and  animal  excrement,  kitchen  wasies,  and  animal 
carcasses.  Second  and  third  stage  larvae  are  predaceous  on 
other  fly  larvae  and  may  help  reduce  populations  of 
housefly  larvae. 

Exercises  (614): 

1.  Match  the  domestic  flies  in  column  B  with  their 
characteristics  in  column  A.  Column  B  items  may  be 
used  only  once. 


False  stable 
flies. 

Dump  flies. 
LilUe  house 
flies. 

Stable  flies. 


Column  A  Column  B 

(1)  These  flies  are  of  less  impor-  a« 
tance  than  houseflies  as  house- 
hold pests  or  disease  vectors.  b. 

(2)  Second-  aiid  third-stage  larvae  c. 
are  predaceous  on  other  fly  lar- 
vae   and    may   help   reduce  ^^ 
housefly  populations. 

(3)  Both  males  and  females  are 
vicious  biters,  attacking  people 
and  many  other  animals. 

(4)  These  breed  in  decaying 
animal  and  vegetable  matter 
and  are  commonly  found  in 
decaying  garbage. 


615.  Specify  the  identification  and  characteristics  of 
flesh  flies. 

Identification  and  Biology  of  Flesh  Fiies  (Family 
Sarcophagidae).  Flesh  flies  resemble  the  housefly  in 
general  appearance,  but  usually  are  larger  (up  to  2  or  3 
times  larger)  and  differ  in  having  three  dark  longitudinal 
stripes  on  the  thorax,  a  checkerboard  pattern  of  grayish  and 
dark  spots  on  the  abdomen,  and  the  tip  of  the  abdomen  is 
usually  reddish  brown.  The  fourth  wing  vein  is  sharply 
angled  and  ends  before  the  wing  tip  (fig.  2-1).  There  are 
hundreds  of  species  of  flesh  flies  in  the  family 
Sarcophagidae.  They're  commonly  called  flesh  flies 
because  the  larvae  of  most  species  are  found  in  meat, 
cheese,  fish,  and  other  foods  left  exposed.  Flesh  flies  are 
unusual  in  that  the  females  deposit  living  larvae  rather  than 
eggs.  Some  species  breed  prolifically  in  animal  excreta, 
especially  in  dog  stools,  and  may  be  very  abundant  in  urban 
communities.  They  don't  enter  homes  nearly  as  often  as 
houseflies.  When  they  do,  they  are  often  found  in  kitchens 
and  bathrooms.  The  females  are  strongly  attracted  by  the 
scent  of  food,  such  as  fish  and  meat,  and  to  the  odor  of 
human  excrement.  They  have  been  observed  depositing 
larvae  in  containers  with  fecal  samples  in  laboratories, 
which  led  to  false  reports  of  human  intestinal  myiasis. 
Some  species  of  flesh  flies  in  the  genus  Wohlfahrtia  cause 
cutaneous  myiasis  in  humans. 

Exercises  (615): 

1 .  Give  the  general  characteristics  of  flesh  flies  as  regards 
to: 

a.  Size. 
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b.  Thorax. 


c.  Abdomen. 


d.  Fourth  wing  vein. 


2.  In  what  materials  do  flesh  flies  commonly  breed? 


3.  How  do  flesh  fly  breeding  habits  differ  from  those  of 
other  flies? 


4.  Within  homes,  where  are  flesh  flies  most  commonly 
found? 


616.  Identify  various  bottle  flies  and  blowflies  with 
statements  regarding  their  characteristics. 

Bottle  Flies  and  Blowflie- .  Bottle  flies  and  blowflies 
(family  Calliphoridea)  lay  thtir  eggs  upon  animal  carcasses 
and  meat  products,  causing  them  to  swell,  "bottle,"  or 
''blow*'  with  maggots.  Many  of  the  adult  flies  have  a  shiny 
blue  or  green  color.  They  arc  common  in  most  urban  arcas 
and  arc  often  abundant  about  garbage  dumps  and  meat 
processing  plants.  They  have  long  flight  ranges  and  a  keen 
sense  of  smell  that  guides  them  to  dead  animals  and  other 
attractants,  even  when  located  in  remote  arcas.  They  enter 
houses  much  less  frequently  than  houseflies.  Although 
these  flies  usually  deposit  their  eggs  upon  meat,  diey  will 
oviposit  upon  a  wide  range  of  fresh  and  decaying  plant 
refuse  if  meat  isn't  available.  Eggs  may  be  deposited  on 
living  animals,  although  clean,  healthy  animals  arc  rarely 
attacked.  Upon  emerging  from  the  egg,  the  larvae  feed  for  a 
short  time  upon  the  surface  of  the  food  near  the  egg  mass, 
then  bore  into  the  less  putrid  material  within.  When  fully 
developed,  they  leave  the  breeding  material  and  burrow 
into  the  ground.  The  puparium  is  formed  within  a  few  days 
and  emergence  occurs  from  3  to  20  days  after  pupation. 
Calliphoridae  serve  as  mechanical  vectors  of  disease 
organisms  just  as  do  houseflies.   They  have  similar 
nonpiercing  mouthparts  and  feed  in  much  the  same  way. 
However,  since  they  enter  homes  and  food  preparation 
facilities  less  frequently  than  houseflies,  they  appear  to 
have  less  opportunity  for  disseminating  disease  organisms 
to  food.  The  larvae  of  many  species  cause  animal  and 
human  myiasis. 


Bluebottle  flies  (Cynomyposis  cadaveina  and 
Calliphora  spp.).  Bluebottle  flies  are  medium  to  large 
species.  10  to  15  mm  long  or  more,  with  a  dull  thorax  and 
shiny  metallic  blue,  green,  or  purplish  abdomen  (fig.  2-1). 
They  frequently  enter  buildings  to  hibernate  during  the 
winter  and  emerge  when  buildings  are  heated,  or  on  warm 
winter  days,  causing  annoyance  as  they  fly  around  with  a 
loud,  buzzing  sound.  Bluebottle  flies  take  15  to  20  days  or 
more  to  develop  from  egg  to  adult.  The  adult  flies  are 
attracted  to  flowers,  feces,  overripe  fruits,  and  other 
decaying  vegetable  matter  as  well  as  to  sores  of  living 
animals.  Bluebottle  fly  larvae  may  cause  intestinal  myiasis. 

GreenbottMbronzebottle  flies  (Phaenicia  spp.  and 
others).  See  figure  2-1.  Greenbottle  and  bronzebottle  flies 
include  many  species  in  the  genera  Phaenicia,  Lucilia, 
Burolucilia  and  other  less  common  genera.  These  insects 
are  found  throughout  the  world.  Two  of  the  species  most 
commonly  associated  with  people  in  the  U.S.  arc  the 
greenbottle  fly  {Phaenicia  sericta),  which  has  a  shiny 
greenish  thorax  and  abdomen,  often  with  reddish  or 
coppery  reflections,  and  the  bronzebottle  fly  (Phaenicia 
paiiescens),  which  has  a  shiny  thorax  and  abdomen,  usually 
with  coppery  or  bronzy  reflections  predominating  over  the 
greenish  color.  The  life  cycle  is  normally  completed  in  9  to 
21  days  with  four  to  eight  generations  per  year.  The  eggs 
arc  deposited  on  decomposing  animal  matter  or  in  garbage 
containing  mixtures  of  animal  matter.  Females  arc  strongly 
attracted  to  flesh,  and  oviposition  begins  within  ^  few  hours 
after  an  animal  dies.  Fresh  meat  is  often  attacked  within  a 
few  minutes  after  exposure.  They  also  deposit  eggs  on 
wounds  and  occasionally  cause  intestinal  myiasis.  The 
average  number  of  eggs  produced  at  one  time  is  about  180, 
single  females  have  been  reported  to  deposit  over 
2,000.  The  optimum  temperature  for  egg  development  is 
about  94   F.  and  they  hatch  in  about  8  hours  at  this 
temperature. 

The  larvae  complete  their  development  in  2  to  10  days 
and  then  move  away  from  the  breeding  medium  and  burrow 
in  the  soil.  The  larval  stage  may  be  greatly  prolonged  if 
temperatures  arc  low.  These  files  normally  overwinter  as 
full-grown  larvae  in  the  soil.  Pupation  occurs  within  3  days 
if  temperatures  arc  favorable,  the  pupal  stage  lasting  3  to  6 
days  under  warm  conditions.  The  adults  may  successfully 
emerge  through  several  inches  of  earth  (half  of  the  flies 
emerging  from  puparia  buried  under  3  feet  of  loose  soil 
reached  the  surface  in  experiments).  Adults  mate  and 
deposit  eggs  5  to  9  days  after  emergence.  The  greenbottle 
flies  arc  most  active  on  warm,  sunny  days.  They  arc 
attracted  to  garbage  (particularly  where  it  contains  mixtures 
of  meat  and  fruit),  plant  juices,  and  nectar.  They  arc  often 
seen  in  large  numbers  on  shrubbery,  leaves  of  cucumbers 
and   other  melons,   and  on  other  plants.   At  times, 
particularly  in  the  spring  and  fall,  u.ey  enter  homes  and 
restaurants  where  they  usually  attract  attention  because  of 
their  buzzing  flight.  They  may  fly  10  miles  from  their 
breeding  places  within  a  few  days.  Favored  nighttime 
resting  places  include  trees,  bushes,  and  sides  of  buildings. 

Black  blowfly  (Phormia  regina).  The  black  blowfly  has  a 
shiny  black  thorax  and  abdomen  with  a  metallic  blue-green 
luster.  The  setae  on  the  top  of  the  thorax  are  noticeably 
shorter  than  in  other  calliphorid  flies  and  tl  ^  mesothoracic 
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Figure  2-5.  Cluster  fly  {Pollenia  rudis). 


spiracle  (on  the  side  of  the  mesothorax  behind  the  head)  is 
brick  red  (fig.  2-1).  It's  found  throughout  the  U.S.  and  is 
most  abundant  in  the  early  spring.  In  the  Southern  United 
States  it  may  be  uncommon  in  summer,  but  is  active  on 
warm  days  throughout  the  winter.  It  is  a  mechanical  carrier 
of  organisms  causing  diarrhea  and  dysentery.  The  life  cycle 
takes  10  to  25  days  or  mcie  and  is  generally  similar  to  that 
of  the  greenbottle  flies.  The  eggs  are  laid  in  masses  in 
animal  carcasses  or  in  the  edges  of  wounds  in  living 
animals.  Larvae  may  occur  in  great  numbers  in  animal 
carcasses  or  in  paunch  contents  of  slaughtered  animals. 
They  also  breed  abundantly  in  garbage.  The  larval  stage 
takes  4  to  15  days  and  the  pupal  stage  3  to  13  days.  The 
adults  can  deposit  eggs  7  to  17  days  after  emergence.  The 
adults  are  strong  fliers  and  have  an  effective  flight  range  of 
6  to  10  miles.  In  the  North  they  overwinter  as  full-grown 
larvae,  but  in  the  South  as  adults. 

Cluster  fly  (Pollenia  rudis).  The  cluster  fly  (fig.  2-5)  is 
slightly  larger  than  the  housefly  and  the  abdomen  often  has 
a  slightly  metallic  reflection  beneath  a  dusty  checkerboard 
pattern.  It  is  easily  recognized  by  the  thick,  yellowish-to- 
brassy  crinkled  hair  between  the  black  setae  on  the  top  of 
the  thorax  and  the  tufts  of  yellowish  hairs  on  the  sides  of  the 
thorax.  The  cluster  fly  is  distributed  throughout  the 
Northern  Hemisphere  and  is  very  common  in  the  northern 
United  States,  llie  eggs  are  deposited  in  the  soil  and  hatch 
in  about  3  days.  This  species  is  most  unusual  in  that  the 
larvae  arc  parasites  of  earthworms,  within  which  they  feed 
and  grow  for  about  2  weeks.  They  then  leave  the  earthworm 
and  pupate  in  the  soil  for  about  2  weeks.  Newly  emerged 
adults  are  often  most  abundant  after  rainfall,  sug^i^^sting  that 
the  adults  can  burrow  fiom  their  puparia  to  the  surface 
easier  when  the  soil  is  soft  and  moist.  There  arc  probably 
four  generations  or  more  a  year  in  the  U.S. 

Cluster  flies  derive  their  names  from  the  fact  that  the 
adults  enter  buildings  in  the  fall  to  hibernate  and  gather  in 
clusters,  in  closets,  attics,  and  unused  rooms.  They  may  be 
concentrated  in  open  ceilings  or  walls,  or  may  crawl  behind 
window  casings,  moldings,  loose  wallpaper,  pictures,  or 
furniture.  During  mild  winter  weather  or  early  spring,  or  if 
a  cold  building,  such  as  a  church,  is  heated  occasionally, 
they  move  about  sluggishly,  often  with  a  loud  buzzing 


noise,  thus  attracting  attention  to  their  presence.  They 
aren't  of  direci  public  health  importance,  but  they  may  be  a 
nuisance  in  buildings  where  they  hibernate.  In  hospitals  in 
tiie  Northern  U.S.,  there  have  been  many  complaints,  for 
example,  of  cluster  flies  in  operating  rooms.  The  flies 
apparently  entered  these  rooms  through  small  openings 
around  air  ducts  or  e^ectrir  fixtures  from  the  cold  attic 
above. 

Exercises  (616): 

1.  Match  the  bottle  flies  and  blowflies  in  column  A  with 
their  identifying  characteristics  in  column  B.  Column 
B  items  may  be  used  only  once. 


Column  A 

(1)  Bluebottle  flies. 

(2)  Greenbottle  flies. 

(3)  Black  blowflies. 

(4)  Cluster  flies. 


Column  B 

Derives  its  name  from  the 
fact  that  it  accumulates  in 
closets,  attics,  and  unused 
rooms  to  hibernate. 
They  are  10  to  15  mm  long 
or  more,  with  a  dull  thorax 
and  shiny  metallic  blue, 
green.  or  purplish 
abdomen . 

The  optimum  temperature 
for  development  of  eggs  is 
about  94"  F. 

In  the  North  they 
overwinter  as  full-grown 
larvae,  but  in  the  South,  as 
adults. 


617.  Identify  various  flies  of  moderate  importance  with 
their  descriptions  and  characteristics. 

There  are  several  flies  that  are  importa)it  to  us  (but  to  a 
lesser  degree)  than  those  we  have  already  discussed  because 
of  their  limited  association  with  people. 

Midges  (Families  Chaoboridae  and  Chironomidae). 
Midges  are  tiny  flies,  usually  1  to  4  niillimeter  long,  which 
breed  in  vvater  or  damp  soil.  Adult  midges  don't  bite,  but 
they  may  occur  by  Jie  millions  and  Le  most  annoying.  It's 
sometimes  difficult  to  keep  them  out  of  people's  eyes  and 
nostrils,  particularly  when  the  midges  are  attracted  to 
lights.  The  Clear  Lake  gnat,  a  species  of  Chaoborid  midge, 
is  a  serious  pest  in  parts  of  California. 

Adult  midges  cause  trouble  by  getting  into  fresh  paint, 
getting  into  paper  factories  and  ruining  sheets  of  paper,  and 
staining  the  sides  of  painted  buildings.  Chironomid  midge 
larvae  are  sometimes  found  in  water  reservoirs  and  are 
carried  throughout  the  distribution  system. 

Eye  Gnats  (Family  Cirioropidae).  Eye  gnats  are  tiny, 
shiny  black  flies  with  reduced  wing  venation.  Ihe 
important  genus  Hippdates  has  a  curved,  blackish  spine  on 
the  hind  tibia  (fig.  2-6).  bye  gnats  are  often  very  abundant 
in  the  Southern  U.S.  They  swarm  about  the  face  and  eyes 
and  rasp  the  eye  membranes  with  their  mouthparts.  In  the 
Southern  U.S.  and  the  Coachella  Valley  in  California,  eye 
gnats  transmit  organisms  causing  epidemic  pinkeye,  or 
conjunctivitis.  Sometimes  so  many  children  are  affected 
that  the  schools  are  actually  closed  for  a  week  or  more.  The 
larvae  of  eye  gnat?  breed  in  loose  soil,  frequently  over  vast 
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Figure  2-6.  Eye  gnat  {Hippelates  spp.). 


areas  oi  rich  agricultural  land,  which  makes  control  very 
difficult.  The  life  cycle  is  completed  in  2  to  4  weeks. 

Biting  Gnats,  Punkies,  No-See-Ums  (Family 
Ceratopogonidae).  Some  of  the  ceratopogonid  midges  in 
the  genera  Culicoides  and  Leptoconops  are  vicious  biters. 
Culicoides  are  tiny  flies,  about  the  size  of  the  head  of  a  pin[ 
generally  with  spotted  wings  and  reduced  wing  venation 
(fig.  2-7).  Their  bites  often  cause  intense  pain,  for  many 
people  worse  than  that  of  a  mosquito.  Several  species  of 
Culicoides,  called  punkies,  no-see-ums,  or  sandflies,  are  so 
small  they  can  crawl  through  the  ordinary  16.mesh  window 
screen  and  be  serious  pests  at  summer  camps,  shore 
restaurants,  and  beaches.  \ 

Sandflies,  FUter  FUes  and  Moth  FUes  (FamUy' 
Psychodidae).  The  family  Psychodidae  contains  small 
fuzzy  flies  with  hairy  wings  divided  into  two  distinct 
groups:  the  filter  and  moth  flies  in  the  subfamily 
Psychodidae,  whose  females  are  not  bloodsuckers,  whose 
wings  are  held  rooflike  over  the  body,  and  whose  larvae  are 
co.omonly  aquatic;  and  the  sandflies  in  the  subfamily 
Phlebotominae  (fig.  2-8),  whose  females  are  bloodsuckers. 
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Figure  2-7.  The  biting  midge. 


Figure  2-8.  SandOy  (Phlebofomus  spp.). 


whose  wikigs  arc  not  held  rooflike  over  the  body,  and  whose 
larvae  are  typically  terrestrial.  The  filter  and  moth  fly  group 
is  widely  distributed  and  abundant  in  most  parts  of  the  U.S. 
Adult  moth  and  filter  flies  are  often  found  on  bathroom  and 
kitchen  windows.  Some  common  sources  of  domestic 
infestations  are  dirty  garbage  containers,  water  traps  in 
plumbing  fixtures,  and  accumulated  gelatinous  debris; 
around  the  edge  of  sinks  and  wash  basins  built  into  counter 
tops.  A  common  American  moth  fly  is  PsychodaAlternata. 
Outdoors  the  larvae  may  be  found  in  collections  of  dirty 
water  and  in  decomposing  organic  materials,  such  as  grass, 
plant  litter,  sewage,  and  garbage.  Filter  flies  (Psychoda 
spp.)  are  a  serious  problem  at  many  sewage  treatment  plants 
and  some  larvae  cause  myiasis  in  man.  In  the  Near  and  Far 
East,  North  Africa,  and  Central  and  South  America, 
sandflies  in  the  genera  Phlebotomus  and  Lutzomyia  may 
bite  humans  and  transmit  organisms  causing  sandfly  fever, 
several  types  of  leishmaniases  and  bartonellosis. 
Bloodsucking  sandflies  are  comparatively  rare  and  aren't 
known  to  transmit  human  diseases  in  the  U.S.  The  adults 
have  been  found  most  often  in  hollow  trees  or  in  rodent 
burrows,  and  their  immature  stages  may  breed  there. 

Blackflies  (Family  SimulUidae).  Blackflies  (fig.  2-9) 
arc  nearly  worldwide  in  distribution  and  second  only  to 
mosquitoes  as  bloodsucking  pests  of  people.  They  arc 
small,  2  to  5  millimeters  long,  stout-bodied  flies  with  short 
antennae,  wings  with  well-developed  anterior  veins  and  a 
humped  thorax  which  has  given  them  the  common  name 
buffalo  gnats.  Both  sexes  suck  neciar  from  flowers  and 
most  females  ^;ed  on  blood.  The  eggs  are  laid  in  or  near 
flowing  water  and  the  larvae  :  jiH  pupae  arc  found  attached 
to  submerged  rocks,  sticks,  or  vegctfetion.  The  adult 
emerges  from  the  pupae  in  a  submergeri  cocoon  and  floats 
to  the  surface  of  the  water  in  a  bubble  of  zir.  Many  species 
mate  soon  after  emergence. 
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Figure  2-9.  Blackfly,  or  buffalo  g^al. 


Figure  2-10,  Horsefly, 


Blackfly  bites  arc  painless  at  first,  but  later  become 
swollen,  hard,  and  painful,  sometimes  infected  from 
scratching.  Females  of  some  species  attack  people  while 
others  confine  themselves  to  mammals  or  birds.  They 
swarm  around  exposed  parts  of  the  body,  particularly  the 
head,  and  get  into  the  nose,  eyes,  ears,  and  mouth.  Heavy 
attacks  may  be  fatal  to  humans,  cattle,  horses,  and  poultry, 
possibly  from  toxemia,  anaphylastic  shock,  or  suffocation 
brought  about  by  inhalation  of  large  numbers  of  swarming 
insects.  Several  species  transmit  tularemia  in  North 
America,  human  onchocerciasis  (blinding  filariasis)  in 
Africa  and  Central  America  and  bovine  onchocerciasis  in 
Europe  and  Austrilia. 

Crane  Flies  (Family  Tipulidae).  Crane  flies,  which 
resemble  mosquitoes  superficially,  arc  slender  flies  with 
long  legs.  They  differ  in  having  a  V-shaped  suture  on  the 
thorax  and  no  scales  on  the  wings.  They  breed  in  water, 
moist  soil,  and  damp,  rotting  vegetation.  Many  species,  12 
to  25  mm  or  more  long,  are  attracted  to  lights  and  enter 
homes,  thus  causing  complaints  about  invasion  by  **giant 
mosquitoes"  even  though  they  can't  bite  people. 

Hover  or  Flover  Flies  (Family  Syrphidac).  Hover  or 
flower  flies  arc  small  to  large  flies  resembling  bees  or 
wasps.  Many  of  them  are  conspicuously  marked  with 
yellow  and  black.  The  distinguishing  family  characteristic 
is  a  pigmented  line,  called  a  spurious  vein,  on  the  wing. 
The  larvae  of  some  species  breed  in  highly  polluted  water 
and  have  long  breathing  tubes  which  bave  caused  them  to 
be  called  rat-tailed  maggots.  Sometimes  these  are  vcy 
abundant  at  sewage  treatment  plants.  Species  of  Jdristallis 
and  Helophilus  occasionally  cause  human  myiasis. 

Horseflies  and  Deerflies  (Family  Tabanidae). 
Horseflies  and  deerflies  rival  mosquitoes  and  blackflies  tis 
annoying  pests  of  people  and  animals.  Many  are  vicious 
biters  and  can  inflict  painful  wounds  that  itch  for  days.  Only 
the  females  suck  blood;  the  males  feed  on  plant  nectar.  In 
most  parts  of  the  United  States  deerflies  (Chrysops)  are 
more  serious  pests  of  man  than  horseflies  {Tabanus  and 
Hybomitra),  which  are  major  pests  of  cattle  and  horses. 
However,   along   the   Atlantic   coast,   the  salt-marsh 


greenheads  {Tabanus  nigrovittatus)  are  vicious  pests  of 
people,  particularly  at  beaches.  Other  species  of  horseflies 
may  be  serious  bloodsucking  pests  elsewhere,  Maiiy 
species  de[>osit  their  eggs  on  vegetation  near  water,  and 
their  larvae  deve.lop  in  damp  soil  or  water  but  some  develop 
in  dry  pasturelands.  In  general,  most  species  have  one 
generation  a  year,  but  some  of  the  larger  species  such  as  the 
black  horsefly  (Tabanus  atratus,  fig.  2-10)  may  take  2  or  3 
years  for  development. 

The  family  Tabanidae  contains  small  to  very  la^ge  flies, 
6  to  33  mm  long,  generally  recognized  by  the  five  posterior 
cells  on  the  wing  and  the  3-segmented  antenna.  Horseflies 
are  usually  larger  than  deerflies  and  lack  spurs  on  the  hind 
tibiae. 

Oeerflies  average  6  to  12  mm  long,  generally  have 
spotted  wings,  and  have  two  spurs  on  the  hind  tibia  (fig.  2- 
11). 

Tabanidae  arc  vectors  of  several  diseases  to  people  and 
animals  caused  by  viruses,  bacteria,  rickettseae  or 
rickettsia-like  organisms,  trypanosomes,  and  filarial 
worms.  In  the  Uniied  States  deerflies,  particularly 
Chrysops  discalis,  are  important  in  the  mechanical 
transmission  of  tularemia  in  the  West,  where  it's  sometimes 
known  as  deerfly  fever.  Both  deerflies  and  horseflies  may 
serve  as  mechanical  carriers  of  anthrax  bacteria  from 
domestic  animals  to  man,  particularly  in  the  Southern  U.S. 


\  CFA-162 

Figure  2-11.  Deeifly. 
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Cheese  Maggots  and  Related  Forms  (Family 
Piophilidae).  The  cheese  skipper  or  maggot  (Piophila 
cQsae)  is  about  the  size  of  a  housefly.  The  larvae  arc  slender 
and  pointed  toward  the  head.  At  one  stage  the  larvae  arc 
able  to  skip  as  much  as  10  inches  horizontally  and  6  inches 
vertically  by  curving  their  bodies  into  rings,  fastening  their 
mouth  hooks  onto  their  abdomens,  suddenly  releasing  their 
holds,  and  throwing  themselves  into  the  air.  The  life  cycle 
takes  12  days  or  more.  The  adult  deposits  140  to  500  eggs 
on  cheese  or  hams.  The  adults  transmit  disease  agents 
mechanically,  and  the  larvae  cause  intestinal  myiasis  in 
humans. 

Vinegar  and  Fruit  Flies  (Family  Drosophilidae). 

Vinegar  and  fruit  flies  breed  in  decaying  fruit  and  may 
suddenly  become  numerous  in  a  house.  The  usual  sources 
in  the  home  arc  overripe  fruit  and  dirty  garbage  containers. 
The  fruit  fly  {Drosophila  melanogaster)  belongs  in  this 
family.  Much  of  the  knowledge  of  the  science  of  genetics  is 
based  upon  studies  with  this  insect.  Some  species  of 
Drosophila  cause  intestinal  myiasis  in  humans. 

Exercises  (617): 

1.  Match  characteristics  in  coiumn  A  with  the  name  of 
flies  in  column  B.  Column  B  items  may  be  used  only 
once. 


(10)  Larvae  are  some> 
limes  called  rat- 
tailed  maggots. 


2-4.  Survey  Methods  and  Controls  Measures 

Fly  surveys  reveal  what  species  of  flies  arc  present  and 
fumish  an  index  as  to  fly  abundance  in  an  arca.  By 
comparing  your  successive  surveys,  you  can  evaluate 
control  effectiveness.  Since  it  is  not  possible  to  determine 
the  precise  number  of  flies,  surveys  arc  designed  to  give  an 
mdex  of  the  population.  A  good  survey  will  also  show 
relative  numbers  of  the  various  species.  The  method  you 
use  must  be  reliable  enough  that  successive  surveys  can  be 
compared.  Reliability  is  limited  by  your  skill,  the  em>rs 
mherent  in  the  methods,  and  the  fluctuations  of  fly 
population  in  response  to  environmental  conditions. 

The  control  measures  we'll  cover  in  this  section  include 
seveial  categories  of  IPM— including  natural,  cultural,  and 
mechanical  controls.  You'll  also  study  some  controls  as 
they  relate  to  some  of  the  more  troublesome  fly  species. 
First,  though,  let's  examine  some  methods  for  conductine 
surveys.  ^ 


Column  A  Column  B 
  (1)    They  have  a  "humped"       a.  Midges. 

tho>-ax.  earning  them  the      b.  Eye  gnats. 

common    name    buffalo      c.  Biting  gnats,  punkies. 

d.  Sand,    niter,   and  moth 
 U)    Itiey  mfc,       smit  organ-  nies. 

isms  causiu,^  pinkeye  or      e.  Blackflies. 

conjunctivitis.  f.  Crane  flies. 
  (3)    Sometimes    called    giant      g.  Hover  or  flower  flies. 

mosquitoes  even  though      h.  Horse  and  dcerflies. 

they  can't  bit  people.  i.  Cheese     maggots  and 
  (4)    Breed  in  decaying  fruit  related  forms. 

and  may  suddenly  become       j.  Vinegar  and  fruit  flies. 

numerous  tn  a  house. 
  (5)    Tiny  flies,  usually  1  to  < 

mm  Iong»  which  breed  in 

water  or  damp  soil. 
  (^^    By  curving  their  bodies. 

they  can  throw  themselves 

6  to  10  inches. 
  (7)    They  rival  mosquitoes  and 

blackflies   as    the  most 

annoying  pest  to  people. 
  (8)    So  small  they  can  crawl 

through  ordinary  16-mesh 

screen. 

  (9)    Often  found  in  bathrooms 

and  kitchen  windows, 
these  flies  are  widely  dis- 
tributed and  abundant  in 
most  parts  of  the  U.S. 

  (10)  Larvae    arc  sometimes 

called  rat-tailed  maggots. 
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618.  Identify  and  describe  facts  regarding  fly  survey 
methods,  and  determine  suitable  survey  locations  for 
various  flies  based  on  their  habits. 

Methods  for  Conducting  Surveys.  In  determining  Hy 
populations  and  the  need  for  control,  adult  surveys  are 
usually  more  practical  and  reliable  than  larval  surveys. 
Consequently,  all  commonly  employed  techniques  are 
related  to  adult  populations.  The  most  often  used  methods 
arc  the  insect  net  surveys,  fly  trap  surveys,  and  fly  grill 
surveys.  The  insect  net  and  fly  trap  surveys  are  used  to 
determine  the  types  of  flics  present  in  an  area,  whereas  the 
fly  grill  surveys  provide  an  index  to  the  relative  numbers  of 
the  various  species  in  the  fly  population.  None  of  these 
surveys  gives  an  absolute  count  of  the  fly  population 
present  in  an  area. 

Insect  net  surveys.  The  standard  sweep  net  is  often  used 
to  make  a  quick  survey  for  adult  flies,  particularly  at  open 
dumps,  cattle  feed  lots,  or  in  epidemic  or  disaster  areas 
where  there  arc  large  amounts  of  decaying  vegetables  and 
fruits,  dead  animals,  garbage,  or  refuse.  You  can  then  kill 
the  specimens  with  a  chloroform  or  cyanide  killing  tube, 
determine,  count,  and  record  the  species  you  found. 

Fly  trap  surveys.  Trap  surveys  have  the  advantages  of 
givmg  you  a  reasonable  cross  section  of  the  population  for 
careful  identification,  making  an  approximate  count  of  the 
relative  numbers  of  the  various  species,  and  trapping  live 
flies  for  laboratory  study.  The  two  commonly  used  fly  trap 
survey  techniques  are  the  baited  trap  and  the  cone  trap  (see 
figs.  2-12  and  2-13  respectively).  Bait  traps  are  useful  when 
you  want  to  determine  the  species  present  and,  roughly,  the 
relative  numbers  of  the  various  species.  A  good  bait  trap 
must  be  durable,  attractive,  easily  used,  and  should  have 
some  device  for  fastening  it  to  the  ground.  Attach  a  suitable 
sign,  such  as  "Do  Not  Touch,  Conducting  Fly  Survey  " 
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Figure  2-12.  Baited  fly  trap. 


Place  an  altractant  in  the  pan  under  the  trap.  After  the  flies 
feed  or  deposit  eggs  on  the  bait,  they  move  toward  the  light 
and  enter  the  trap  through  a  sm?^ll  opening  in  the  cone. 
Since  they  don't  generally  fly  downward  to  escape,  and 
since  the  cone  opening  is  difficult  to  find,  few  escape. 
Because  not  all  flies  respond  to  the  same  attractant,  use  an 
all-purpose  bait;  fish  heads,  chicken  entrails,  vegetables, 
and  fruit.  Place  traps  in  different  sections  and  in  different 
types  of  locations  (housing  areas,  dining  halls,  industrial 
areas,  and  other  buildings,  etc.).  Kill  the  flies  in  chloroform 
jars,  then  identify  and  count  them.  You  can  then  store 
collections  in  boxes,  such  as  ice  cream  cartons.  Label  each 
collection  with  the  date,  location,  method  of  collection,  and 
your  name.  In  extensive  surveys  a  special  form  may  be 
designed  for  recording  data. 

Fly  cones  are  used  primarily  to  collect  live  flies  for 
bacteriological  and  virological  study.  The  fly  cone  trap, 
made  of  screen  wire,  is  placed  over  a  natural  attractant 
(garbage,  manure,  etc.),  trapping  flies  beneath  it.  A  dark 
cloth  is  thrown  around  the  cone  and  the  apparatus  is 
carefully  agitated.  Attempting  to  escape,  the  flies  move 
upward  toward  the  light  and  enter  the  cage;  then,  the  sliding 
door  of  the  cage  is  closed  and  the  collection  is  labeled.  Flies 
may  be  taken  to  the  laboratory  for  bacteriological  and 
virological  study. 

Fly  grill  surveys.  Fly  grills  (fig.  2-14)  are  used  widely  in 
modem  evaluation  of  fly  populations.  Fly  grill  surveys  are 


faster  than  baited  trap  or  fly  cone  surveys  and  give  a  valid 
picture  of  the  fly  situation.  The  fly  grill  depends  upon  the 
tendency  of  flies  to  rest  on  edges;  it  presents  many 
attractive  resting  sites.  Place  the  grill  over  natural 
attractants  (garbage,  manure,  etc.)  and  then  tabulate  the 
number  of  flies  landing  on  the  grill  during  a  30-second 
inteP'/al.  You  can  record  necessary  information  on  a  form 
similar  to  the  one  in  figure  2-15.  When  the  grill  is  put 
down,  the  flies  are  disturbed  from  the  attractant  and  tly 
upward  for  a  short  distance.  When  all  is  again  quiet,  they 
come  back  down,  alighting  on  the  grill  instead  of  the 
attractant.  If  fly  counts  are  so  high  that  total  counts  become 
impracticable,  you  can  divide  the  grill  into  halves,  quarters, 
or  sixths,  with  painted  markings.  You  must  count  at  least 
one-sixth  of  the  grill.  Make  a  minimum  of  10  counts  in  each 
block  sampled,  and  record  the  five  highest  counts. 

Reconnaissance  surveys.  Reconnaissance  surveys  are 
ordinarily  used  as  a  supplement  to  fly  grill  surveys.  You 
take  them  in  a  vehicle  or  on  foot  to  observe  the  abundance 
of  flies  in  favored  resting  pkces  and  then  record  densities  as 
estimated  grill  readings.  These  surveys  give  you 
information  to  guide  control  operations  in  areas  lacking 
grill  coverage,  to  facilitate  rapid  control  in  times  of 
epidemic  or  disease,  to  serve  as  posttreatment  evaluations 
of  space  spray  applications,  and  to  serve  as  preventive 
maintenance  inspections  during  times  of  low  fly  density. 
Reconnaissance  surveyors  should  be  very  familiar  with  fly 
grill  survey  methods. 
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Figure  2-13.  Fly  cone  trap. 
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Figure  2-14.  Fly  grill. 
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Using  Survey  Infonnation.  The  success  of  fly  control 
programs  depends  largely  on  close  coordination  of  pest 
management  surveillance  and  control  activities.  By 
companng  data  from  survey  to  survey  you  can  more  easily 
tmd  problem  areas  and  concentrate  your  control  efforts  to 
cL  Mate  the  most  important  breeding  sites  of  flies.  Give 
pnmaiy  emphasis  to  environmental  sanitation  rather  than 
insecticidal  application.  One  of  the  best  uses  of  survey  data 
IS  in  reports  and  publicity  programs  to  make  key  officials 
and  other  base  personnel  more  aware  of  program  activities 
and  get  their  support. 

Exercises  (618): 

1.  What  are  the  three  most  commonly  used  methods  of 
conducting  fly  surveys? 


5.  What  two  advantages  do  ny  grills  offer  in  comparison 
to  the  other  survey  methods? 


6.  Of  what  fly  characteristic  does  the  fly  erill  take 
advantage? 


7.  How  are  reconnaisance  surveys  used?  Conducted'> 
Recorded? 


8 .  Under  what  four  conditions  arc  reconnaissance  surveys 
appropriate? 


9.  Based  on  their  habits  and  other  information,  where 
would  you  conduct  adult  surveys  for  the  following 
flies?  ^ 

a.  Little  houseflies. 


b.  Stable  flies. 


c.  Bottle  and  blowflies. 


d.  Midges. 


e.  Moth  and  filter  flies. 


2.  What  are  the  two  main  uses  of  bait  traps? 


3.  Of  what  fly  characteristic  do  fly  traps  take  advantage? 


4.  How  are  fly  cones  primarily  used? 


619.  Specify  natural  action  which  control  flies. 

Natural  Fly  Control  Actions.  There  are  several 
envu^onmental  factors  which  limit  the  density  of  fly 
populations.  These  include: 

(1)  Availability  of  food,  water  shelter,  and  suitable 
breeding  media. 

(2)  Parasitism  by  viruses,  rickettsiae,  spirochetes, 
bacteria,  fungi,  protozoa,  and  roundwonns. 

(3)  Prcdation  by  centipedes,  mites,  spiders, 
pseudoscorpions,  other  insects,  amphib'  iies,  birds, 
and  mammals. 

(4)  Competition  of  one  fly  with  anoUic  or  the  benefits  of 
the  environment. 
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INSTALLATION 

AREA 

DATE  : 

HOUR: 

GRILL 
READINGS 

Tabulate 
12  3 

the 
4 

five  highest 
5      6  7 

cou 
8 

rits 
9 

10 

ATTRACTANTS 

TOTALS 

HOUSE  FLY 
Musca  domes  t lea 

FLESH  FLIES 
Sarcophage  spp. 

LESSER  HOUSE  FLIES 
Fannla  spp. 

STABLE  FLY 
Stomoxys  calcitrans 

FALSE   STABLE  FLIES 
Musclna  spp. 

BLUE   BOTTLE  FLIES 
Calliphora  &  Cynomyopsis  spp. 

DUMP  FLIES 
Ophyra  spp. 

SECONDARY    SCREW  WORM  FLY 
Cocbhomyla  mace liar la 

BLACK   BLOW  FLY 
Phormla  reglna 



GREEN   BOTTLE  FLY 
Phormla  reglna 

BRONZE   BOTTLE  FLY 
Phaemela  cuprliia 

OTHERS 

TOTALS 

AREA  AVERAGE 

HI 

.GH 

COU 

NT  : 

INSPECTOR: 

HIGH  COUNT 


The  highest  count  of 
the  five  high  grill 
readings. 


BLOCK  AVERAGE; 


Total  the  five  high 
grill  readings  and 
divide  by  five. 


ATTRACTANTS : 

A .  Garbage  (mixed) 

B .  Excrement 

C.  Fruits 

D.  Vegetables 

E .  Dishwater 

F  .  Dead  analmals 


G.  Seafood  wastes 

H.  Feeds 

I.  Bones 

J.  Decaying  Vegetation 

K.   

L.  


Figure  2-15.  Fly  grill  record. 
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Fly  populations  are  modified  by  reproduction,  which  is 
often  tremendous;  mortality,  which  is  also  enormous;  and 
migration,  which  varies  with  tht  degree  of  environmental 
pressure.  Many  more  flies  are  bom  than  can  survive.  The 
numbers  of  flies  an  area  can  support  is  limited  by  the 
physical  and  biological  environment.  Excess  flies  must 
either  migrate  or  die. 

Example:  Block  A  has  an  environment  capable  of 
supporting  1,000  houscflies  and  of  producing  125,000 
additional  flies  every  2  weeks.  The  newly  developed  flies 
face  severe  competition  for  food,  water,  and  shelter.  They 
are  killed  by  disease  and  predation.  Some  migrate  and 
compete  with  neighboring  fly  populations.  The  small 
surviving  percentage  mate,  and  the  females  compete  for 
suitable  media  in  which  to  lay  their  eggs.  Another  125.000 
eggs  hatch  and  the  great  struggle  begins  anew. 

Many  parasites  and  predators  decrease  domestic  fly 
production  and  are  normal  inhabitants  of  manure.  The 
protozoan,  Octosporea  muscaedomesticae,  may  be  an 
important  factor  in  controlling  the  housefly  and  several 
other  domestic  flies.  Some  species  of  mites  prey  upon  flies. 
The  larvae  of  a  number  of  domestic  flies,  such  as  Ophyra 
and  Muscina,  feed  on  other  sp)ecies  of  fly  larvae  and  may 
help  control  housefly  pupulations. 

Exercises  (619): 

1.  The   numbers   of  flies   an   au^a  can   support  is 

 by  the  nature  of  the  and 

 environment. 


2.  The  biological  aspects  that  modifies  fly  populations 
^  »  ,  and  migration. 


3.  The  three  most  important  physical  environment  factors 
that  limit  the  density  of  fly  ,K)pulations  is  the 
availability      of   .   ,  and 


620*  Identify  particular  aspects  of  nonchemical  fly 
controL 

Cultural  Control.  Modem  fly  control  programs  arc 
highly  dependent  on  botli  refuse  management  and 
environmental  sanitation  efforts  that  combine  to  reduce 
breeding  opportunities  for  flies.  One  of  the  most  favorable 
aspects  of  cultural  fly  control  is  that  it's  carried  out  by  many 
people  as  a  basic  aspect  of  base  maintenance  and 
bcautification  programs.  Some  examples  of  the  most 
effective  approaches  to  cultural  fly  control  include: 

•  Breeding  source  reduction. 

•  Steam  cleaning  dumpsters  and  other  trash  recepticles. 
^  Manure  removal . 

•  Soil  and  water  management. 
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•  Regularly  scheduled  garbage  removal. 

•  Landscap>e  management. 

Good  sanitation  is  the  most  fundamental  step  in  a  fly 
coriirol  program.  Whenever  possible,  food  and  materials  on 
which  flies  can  lay  their  eggs  must  be  removed,  destroyed 
as  a  breeding  medium,  or  isolated  from  the  egg-laying 
adult.  Killing  adult  flies  will  reduce  any  infestation,  but 
elimination  of  breeding  areas  is  necessary  for  good  control. 
Where  flies  are  a  problem  in  buildings,  the  occupants  can 
do  this  work;  your  job  is  to  seek  out  the  breeding  places  and 
determing  how  more  detailed  work  should  be  done.  This 
step  often  requires  positive  corrective  action  on  your  part. 

The  houseflies  and  many  flesh  flies,  bottle  flies  and 
blowflies  breed  in  similar  substances  such  as  decaying 
organic  materials,  garbage,  animal  excrement,  or  polluted 
ground.  Removal  of  these  from  the  vicinity  of  infested 
premises  will  frequently  give  control  sufficient  to  make 
other  measures  unnecessary.  The  importance  of  twice- 
weekly  garbage  removal  does  not  seem  to  be  a  necessity  for 
fly  control  when  the  length  of  the  life  cycle  required  by  the 
immature  stages  is  kept  in  mind.  The  important  thing  to 
remember  here  is  that  the  final  larval  instar  leaves  the  larval 
food  medium  and  wanders  for  considerable  distances  before 
pupation;  so  it  is  the  length  of  time  from  egg  laying  to  the 
molt  of  the  last  larval  instar  that's  important  and  v/hich 
necessitates  twice-weekly  pickups 

Any  sanitation  program  in  fly  control  must  be  tailored  to 
fit  each  specific  situation.  Basically,  it  should  include  any 
steps  that  help  eliminate  or  prevent  the  establishment  of  any 
medium  in  which  fly  larvae  can  develop  or  which  will  be 
attractive  to  adult  flies.  Don't  overlook  the  importance  of 
moisture  in  fly-breeding  media.  Simple  drainage  will  often 
aid  control.  Although  it  may  not  always  be  possible  or 
economically  feasible  to  practice  all  the  sanitary  measures 
that  would  contribute  to  fly  control,  simple  and  practical 
saiiitation  will  frequently  make  the  difference  between 
satisfactory  and  unsatisfactory  fly  control.  Sometimes, 
striking  results  can  be  obtained  through  sanitation  alone. 

Mechanical  ControL  Controlling  flies  by  means  of 
mechanical  measures  includes  the  use  of  screens,  fly  traps, 
electrocution  devices,  and  electric  fans. 

Screening.  Screening  buildings  is  the  most  widely  used 
fly  exclusion  technique.  Although  costly,  and  not 
detrimental  to  the  fly  populations,  this  method  can  keep 
buildings  relatively  free  of  flies  and  will  therefore  be 
continued  as  long  as  major  insect  problems  remain 
unsolved.  Screens  should  be  made  of  copper,  aluminum, 
plastic,  or  some  other  noncorrodible  material.  They  should 
be  mounted  in  durable  frames  and  should  not  detract  from 
the  appearance  of  a  building.  The  screen  size  should  be 
about  16  mesh  (16  strands  to  the  inch)  in  order  to  give  the 
greatest  protection  without  undue  less  of  light  or  air 
circulation.  The  screens  should  fit  tightly  in  the  window  or 
doorframes  so  that  the  flies  and  other  insects  can't  enter 
around  the  edges. 

Electrocution.  Electrocution  has  proven  effective  under 
certain  situations.  Two  common  techniques  are  used.  In  the 
first,  a  fly  trap  is  electrified.  In  the  second,  electrification  of 
window  and  door  screens  is  accomplished  by  using  house 
cjrrent  transformed  to  low  amperage  and  high  voltage 
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(3,500  to  4,000  volts  is  desirable).  When  the  flies  alight  on 
the  screens,  they  arc  immediately  killed,  yet  these  screens 
will  not  harm  a  human  being  or  other  large  animal.  Since 
Electrocution  units  with  ultraviolet  lights  have  gained  in 
popularity  in  recent  years  the  ultraviolet  light  is  attractive  to 
flies  and  other  insects,  which  are  electrocured  by  a  screen 
surrounding  the  light.  While  these  units  are  beneflcal  in 
some  situations,  keep  in  mind  that  they  will  attract  insects 
only  if  they  choose  to  be  attracted  to  the  units  instead  of  to 
something  else.  Think  of  it  this  way:  if  you  were  a  fly  which 
had  just  entered  a  dining  hall  serving  line  area  with  one 
these  units  mounted  nearby,  which  would  you  most  likely 
be  attracted  to,  the  light  or  the  food?  Installation  of  electric 
screening  is  very  expensive,  it  should  only  be  used  to 
supplement  other  control  measures  when  a  fly  problem  is 
acuie  > 

Electric  fans.  Fans  mounted  over  all  doorways  leading  to 
food  service  establishments  will  keep  out  a  significant 
percentage  of  flies.  Large  buildings  sometimes  have  air 
barriers  or  doors,  to  keep  out  dust,  smoke,  and  insects,  but 
which  are  hardly  noticeable  to  persons  passing  in  and  out. 
Air  velocities  should  be  greater  than  1 ,500  feet  per  minute 
at  a  3-foot  level  to  obtain  a  reasonable  degree  of  efficiency . 

Exercises  (620): 

Place  the  letter  **T'  in  front  of  the  correct  statements. 
Correct  any  false  statements. 

  1.  Landscape  management  is  one  of  the  cultural 

controls  which  can  help  reduce  fly  populations. 


2.  Modem  fly  control  programs  highly  depend  on  both 
chemical  controls  and  environmental  sanitation. 


  3.  The  need  for  twice-weekly  trash  picKups  is  due 

since,  in  the  last  larval  insiar,  fly  maggots  will 
leave  the  breeding  media  and  travel  quite  a  distance 
before  pupation. 


4.  Effective  sanitation  programs  rarely  have  more 
than  a  minor  role  in  reducing  fly  populations. 


5.  If  food-handling  facilities  are  equipped  with  air 
curtains,  they  only  need  to  be  installed  over  doors 
between  food  preparation  creas  and  the  garbage 
disposal  area. 


6.  Electrocution  can  be  a  useful  form  of  mechanical 
fly  control  but  only  as  a  supplement  to  other  control 
measures. 


7.  Electrocution  units  with  ultraviolet  lights  may  be 
useful  only  if  there  aren't  other  stronger  attractants 
in  the  area. 


621.  Relate  given  statements  with  the  appropriate 
chemical  control  measures  for  flies. 

Residual  Sprays.  Pest  managers  are  most  frequently 
called  on  to  control  adult  flies.  Where  the  breeding  areas 
cannot  be  eliminated  or  treated,  chemical  control  of  adults 
may  be  the  last  resort  you  have. 

House  fly  resistance  to  the  chlorinated  hydrocarbon 
insecticides  is  so  v/idespr*nd,  you're  not  advised  to  use 
these  chemicals  to  contioi  uiis  .  est.  They  can  still  be  used 
with  success  in  situations  where  the  problem  species  are 
blowflies  or  flesh  flies.  Organic  phosphate  insecticides  are 
still  generally  effective,  but  locally  resistant  populations 
may  be  a  problem  with  some  of  these  chemicals. 
Adulticides  currently  recommended  are  1  percent  diazinon, 
3  percent  malathion,  1  percent  Ronnel,  aiid  1  percent 
Dibrom.  These  are  applied  most  effectively  as  coarse,  wet 
sprays  to  surfaces  on  which  flies  prefer  to  rest  such  as  walls, 
overhead  areas  and  vegetation.  For  outdoor  applications, 
you  may  add  some  sugar  to  help  increase  effectiveness. 
Sun-exposed  surfaces  on  outside  walls  should  be  give 
special  attention. 

Fly  Baits.  Baits  of  DDVP,  diazinon,  Dibrom,  malathion, 
or  Ronnel  on  either  sugar  or  mixed  with  sugar  and  water  can 
be  used  effectively  in  some  situations.  Such  baits  are 
particularly  effective  when  placed  around  garbage  areas  and 
outside  doorways.  Inside  they  can  be  scattered  on  floors  or 
used  more  heavily  near  windows.  In  all  cases,  baits  should 
be  scattered  thinly  and  according  to  directions  on  the 
container  so  as  not  to  be  unsightly  or  create  a  hazard  to 
people  or  pets. 

By  using  permanent  bait  stations  in  safe  locations,  you 
can  reduce  the  time  and  r^fort  needed  and  keep  constant 
insecticidal  pressure  on  ctie  fly  populations.  These  bait 
stations  include  simple  plywood  trays  covered  with 
hardware  cloth  for  dry  baits  and  chicken-watering  fountains 
with  a  cellulose  sponge  in  the  trough  to  prevent  clogging 
with  dead  flies  for  liquid  baits.  If  the  emulsifiable 
concentrate  of  the  organophosphate  insecticide  is  not 
readily  available,  you  can  place  a  piece  of  dichlorvos  resin 
strip  in  the  sugar  water  in  the  chicken- watering  device. 
These  are  sometimes  used  to  provide  fly  control  in 
backyards  near  barbecue  grills.  People  using  fly  baits 
should  check  regulations  before  applying  them.  Data  from 
studies  in  Georgia  and  Florida  indicate  that  flies  resistant  to 
residual  sprays  were  killed  by  baits  containing  these  same 
organophosphate  insecticides. 

Space  Sprays.  Space  sprays  are  based  on  the  concept  of 
actually  hitting  the  insects  with  a  lethal  particle  of  the 
insecticide.  They  do  not  provide  a  residual  deposit  of  the 
toxicant  and  must  be  repeated  periodically,  sometimes 
before  each  meal  in  food-handling  establishments. 

Fly  larvae  may  be  controlled  in  breeding  media  by  the 
application  of  chemicals  to  the  medium.  This  method 
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should  only  be  considered  when  sanitation  cannot  be 
employed  to  do  the  job,  since  beneficial  predators  and 
parasites  are  often  susceptible  to  common  larvicides.  As  a 
result  of  using  larvicides,  fly  populations  may  increase 
when  the  insecticide  has  lost  its  residue  and  natural  control 
organisms  do  not  return  as  rapidly  as  do  the  flies. 
Larvicides  currently  recommended  include  2  percent 
malathion  and  1  percent  Ronnel. 

You  can  get  temporary  fly  control  indoors  by  the  use  of 
contact  sprays.  These  should  contain  synergized  pyrethrins, 
DDVP  or  Resmethrin,  and  should  be  dispensed  as  very  fine 
mists  or  aerosols.  These  can  be  applied  with  any  of  the 
fogging,  aerosol  or  misting  equipment.  Before  making  such 
an  application,  food,  food-handling  equipment  and  utensils 
should  be  covered  completely  so  no  spray  v^ill  fall  on  them. 

Fly  Cords  and  Resin  Strips.  The  installation  of 
insecticide-impregnated  cotton  cords  at  a  rate  of  30  linear 
feet  of  cord  pc.  'i^)  'r'^jv^  f^t  of  floor  space  has  provided 
good  fly  control  1  .  j,uu  tor  periods  varying  from  6  weeks 
to  an  entire  season,  kh^  ilies  rest  on  the  cords  and  absorb  a 
lethal  dose  of  insecticide  through  their  feet.  Research  has 
shown  that  better  fly  control  occurs  when  the  cords  arc  hung 
vertically  (as  15  pieces  of  cord  2  feet  long,  or  10  pieces  of 
cord  3  feet  long,  per  100  square  feet  of  floor  space)  rather 
than  horizontally  (as  30  feet  of  cord  parallel  to  the  floor). 
Dichlorvos-resin  strips  have  been  used  as  residual 
fumigants  in  fly  control,  giving  off  a  lethal  dose  of 
dichlorvos  vapor  for  periods  as  long  as  3  to  4  months  when 
used  at  a  rate  of  one  unit  per  1 ,000  cubic  feet.  In  Georgia, 
dichlorvos-resin  strips  gave  95  percent  reduction  of  all  flies 
trapped  from  garbage  pits  (with  a  diameter  of  about  30 
inches  and  72  inches  deep)  in  a  recreational  area  when 
installed  at  a  rate  of  one-half  to  one  unit  per  pit. 
Dichlorvos-resin  strips  have  also  given  effective  control  of 
flies  indoors  with  minimal  ventilation  when  used  at  a  rate  of 
one  unit  per  1,000  cubic  feet.  They  should  not  be  used  in 
rooms  where  infants,  sick  or  aged  people  stay,  or  where 
food  is  prepared  or  served. 

Exercises  (621): 

1.  Match  the  chemical  jot  ol  measures  for  flies  in 
column  B  with  the  des.  nr  on  in  column  A.  Column  B 
items  may  be  u^icd  otl}  once 

Column  A  Column  B 

  (1)  Installing  a.  Residual  sprays. 

insecticide-  b.  Fly  baits. 

impregnated     cotton        c.  Space  sprays. 

lines  at  30  fcet/100       d.  Fly  cords/Resin  strips. 

square  feet  for  fly 

control  in  stables. 
  (2)  Chlorinated  hydro- 
carbons   and  some 

organophosphates  are 

often  useless  in  this 

form  due  to  fly  resis- 
tance problems. 
  (3)  Use  of  these  must  be 

frequent  since  there  is 

no  residual  action. 
 .  (4)  These  can  be  used  in 

permanent  locations 

to  keep  a  constant 

insecticide  pressure 

on  the  fly  population. 


622.  Determine  appropriate  control  measures  for  a 
given  fly  control  situation. 

Applying  IPM  to  Control  Flies.  Integrated  fly  control 
takes  the  principle  of  environmental  sanitation  and 
supplements  it  with  the  use  of  both  nonchemical  methods 
and  careftil  well-planned  chemical  controls. 

Since  most  fly  control  requires  the  cooperation  of  the 
entire  base,  education  is  the  number  one  requirement  of  a 
good  program.  It  begins  with  a  realization  of  the  problem 
by  responsible  individuals,  extends  to  gaining  official 
support,  and  reaches  its  peak  when  all  people  on  the  base 
are  made  aware  of  the  problem.  Fly  surveys,  to  determine 
the  extent  of  the  problem  and  to  guide  the  control 
operations,  must  be  made.  Then,  efficient  and  effective 
control  measures  must  be  taken  Additional  surveys  are 
used  to  evaluate  the  results  of  the  effort  and  point  out  vthere 
more  control  measures  arc  nece «:sary 

Once  a  high  degree  of  flv  as  been  achieved,  a 

continuing  program  is  nec  maintain  the  gain.  Yet, 

it  is  in  this  area  that  fly  control  programs  most  often  fail 
When  flies  arc  no  longer  a  serious  problem,  group  interest 
lags,  other  problems  take  away  the  attention  of  officials, 
and  the  flies  begin  a  gradual  but  certain  return.  Organized 
fly  control  should  be  incorporated  into  the  regular  program 
of  every  pest  management  section. 

Of  course,  all  this  isn't  to  say  that  IPM  only  applies  in  a 
major  fly  control  program  on  your  base;  you  should  seek  to 
apply  IPM  in  every  situation  you  encounter.  In  addition  to 
all  the  reason  you've  already  studied,  there  are  two  more 
you  should  keep  in  mind: 

(1)  Most  of  your  fly  control  jobs  will  be  small,  limited  to 
one  building  or  less,  so  you  increase  the  number  of 
opportunities  you  have  to  apply  effective  nonchemical 
controls. 

(2)  Especially  where  flies  are  involved,  integrated 
controls  will  almost  always  have  a  greater  impact  than  will 
chemicals  alone. 

As  you  complete  the  following  exercise,  keep  in  mind  all 
you've  learned  about  IPM,  flies,  and  work  responsibilities. 
All  of  these  factors  apply  in  determining  fly  control  needs. 

Exercises  (622): 

This  Exercise  is  based  on  the  following  situation:  You  get  a 
work  order  ftx)m  the  base  hospital  to  control  a  sudden  and 
extremely  bad  fly  problem.  During  your  building  survey, 
you  discover  a  broken  garbage  disposal  pipe  that  is 
dumping  raw  food  in  the  crawl  space  under  the  building. 
There  arc  thousands  of  maggots  in  the  garbage. 

1.  What  should  the  four  main  parts  of  your  control 
program  have  (include  efforts  by  both  you  and  other 
sections)? 
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CHAPTER  3 


Fleas 


FLEAS  CARRY  DISEASE  in  many  parts  of  the  world. 
They  carry  the  organisms  of  bubonic  plague  and  Heabonie 
typhus  from  rats  to  humans.  In  addition,  they  make 
insidious  attacks  on  humans  and  domestic  animals.  After 
studying  this  chapter,  you  should  know  the  names, 
characteristics,  and  controls  of  important  flea  species. 

3-1 .  Characteristics  and  Habits 

Since  fleas  differ  in  tiieir  host  preferences,  vector  ability, 
and  degree  of  association  with  people,  you  need  to  know 
which  species  are  prevalent  in  order  to  judge  the  possible 
disease  significance  and  to  plan  suitable  control  methods. 
This  section  covers  the  identifying  characteristics  and  the 
habitats  of  the  important  fiea  species.  But  first  let's  study 
the  general  characteristics  and  habits  of  fieas  during  each  of 
their  developmental  stages. 

623.  Distinguish  between  statements  regarding  flea 
habits  and  characteristics. 

Adults.  Fleas  are  small,  wingless  insects  varying  from  1 
to  9  millimeters  in  length,  averaging  2  to  4  millimeters.  The 
name  of  the  flea  order,  Siphonaptera,  refers  ;o  their  method 
of  feeding  through  a  siphon  or  tube  and  to  their  lack  of 
wings.  The  flea  (fig.  3-!)  is  compressed  laterally  with 
spines  directed  to  the  posterior,  features  which  adapt  it  for 
moving  about  between  the  hairs  and  feathers  of  mammals 
and  birds.  Most  species  move  about  a  great  deal  and  remain 
upon  the  host  only  part  of  the  time  to  get  a  blood  meal.  The 
mouthparts  consist  chiefly  of  three  stylets  that  are  used  to 
penetrate  the  skin  of  the  host  and  form  a  tube  for  sucking 
blood.  The  paired  maxillae,  acting  as  cutting  organs,  enter 
the  skin  with  the  epipharynx.  On  reaching  a  small  blood 
vessel,  the  tip  of  the  epipharynx  enters  the  human  while  the 
maxillae  (which  form  the  salivary  canals)  remain  outside 
emiting  saliva  from  time  to  time.  Thus,  fleas  may  be 
characterized  as  capillary  feeders — a  fact  of  importance  in 
transmission  of  pathogens.  Both  sexes  feed  upon  blood,  and 


host  (or  closely  related  species  in  the  same  genus),  while 
others  have  developed  an  ability  to  feed  upon  various  hosts. 
Fleas  are  very  sensitive  to  extremes  of  temperatures  and 
humidity.  This  explains  the  relative  abundance  of  fleas 
infesting  animals  that  live  in  burrows  and  sheltered  nests 
and  the  light  infestations  of  fleas  on  mammals  or  birds  that 
have  no  permanent  abode  or  live  in  nests  exposed  to  the 
elements.  Nests  furnish  an  abundance  of  organic  food  for 
flea  larvae  leading  to  a  high  rate  of  survival.  Fleas  infesting 
burrowing  or  nocturnal  animals  tend  to  have  poorly 
developed  eyes,  or  eyes  may  be  absent.  Those  infesting 
animals,  active  during  the  day  are  more  likely  to  have 
well-developed  eyes.  Some  fleas  feed  at  frequent 
intervals — once  a  day  or  more  often.  They  are  easily 
disturbed  and  seldom  complete  a  meal  at  one  feeding.  The 
hun'ian  flea  continues  feeding  after  the  digestive  tract  is 
gorged,  causing  the  passage  of  undigested  blood  from  the 
anus. 

Adults  are  usually  ready  to  feed  in  24  hours  after 
emergence  from  the  coccoon.  Mating  usually  follows  the 
initial  blood  meal  and  usually  occurs  on  the  host  animal. 
Fleas  have  a  complete  metamorphosis  as  shown  in  figure 

3-2. 

Eggs.  Eggs  are  usually  deposited  among  the  hairs  or 
feathers  of  the  host  or  in  the  nest.  They  are  smooth, 
spherical  to  oval,  light  colored,  and  large  enough  to  be  seen 
with  the  naked  eye.  Since  they  are  not  sticky  or  attached  to 
the  host,  the  eggs  drop  onto  the  ground  or  into  the  nest  or 
bedding  of  the  host,  a  factor  important  in  explaining  the 
later  high  concentration  of  adult  fleas  in  dog  or  cat  boxes  or 
kennels,  and  on  certain  rugs  or  in  portions  of  a  building.  A 
flea  doesn't  lay  her  full  quota  of  eggs  at  one  time,  but  after 
blood  meals,  which  are  necessary  for  egg  development. 
Successive  matings  are  not  necessary  for  the  fertilization  of 
future  eggs,  as  the  soerm  cells  from  the  initial  mating  are 
stored  in  the  spermatheca  of  the  female  and  are  used  as 
required.  The  eggs  hatch  in  2  days  to  several  weeks, 
depending  upon  temperature  and  humidity. 


the  female  must  have  a  blood  meal  before  producing  eggs. 
The  long,  powerful  legs  of  some  species  are  adapted  for 
jumping  7  to  8  inches  vertically  and  14  to  16  inches 
horizontally. 

Most  species  infest  the  smaller  mammals,  such  as 
rodents,  rabbits,  moles,  and  bats.  Fewer  species  are 
parasitic  upon  larger  animals  and  birds.  Most  fleas  are 
specific  in  their  host  preference ,  feeding  on  only  one  type  of 


Larvae,  Larvae  are  small,  M-segmented,  wormlike 
creatures  without  legs  but  with  chewing  mouthparts.  The 
blind,  active,  whitish  flea  larvae  are  often  found  in  the 
house  in  floor  cracks  and  rugs,  or  in  kennels,  stables, 
animal  burrows,  and  nests.  The  larvae  feed  on  all  types  of 
organic  debris  or  flea  feces,  which  are  composed  of  more  or 
less  digested  blood  The  three  larval  stages  may  be 
completed  in  a  week  to  several  months. 
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Figure  3-1 .  Flea  diagram. 


Figure  3-2.  Flea  life  cycle. 


Pupae.  Pupae  are  usually  enclosed  in  cocoons  of  finely 
spun  silk  encrusted  with  granules  of  sand  or  various  types  of 
debns.  The  pupal  stage  is  usually  completed  quickly,  but 
the  newly  formed  adult  may  remain  resting  within  the 
cocoon  from  which  it  emerges  on  stimulus,  depending  on 
the  species.  Cat  fleas  emerge  in  response  either  to 
vibrations  or  canwn  dioxide  which  would  indicate 
proximity  to  a  host.  This  factor  may  help  explain  the  large 
number  of  hungry  cat  fleas  that  attack  people  resuming 
home  after  an  absence  of  several  weeks.  Certain  wild  rodent 
neas  emerge  m  response  to  an  increase  in  humidity  which 
may  occur  only  once  a  year  in  some      —  -r-jx 

Most  of  the  important  characteu!,iics  oi  adult  fleas  are 
shown  and  labeled  in  figure  3-1 . 

Genai  Comb.  The  presence  or  absence  of  a  genal  comb 
IS  a  quick  way  to  identify  certain  flea  species.  This  is  your 
first  reference  point  in  identifying  a  flea  species,  along  with 
checking  for  the  pronotal  comb.  If  a  genal  comb  is  present, 
the  number  of  teeth  contained  on  the  genal  comb  and  the 
position  of  the  comb  are  other  significant  identifying 
characteristics. 

Pronotal  Comb.  The  presence  or  absence  of  a  pronotal 
comb  IS  an  important  identifying  characteristic  of  certain 
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flea  species.  Some  flea  species  are  identified  by  the 
presence  of  the  genal  comb  and  the  absence  the  pronotal 
comb,  or  vice  versa,  and  some  may  have  neither  or  both. 

Other  Characteristics.  The  shape  of  the  head,  length  of 
the  labial  palpi,  position  of  the  ocular  bristle,  number  and 
position  of  the  plantar  bristles,  and  shape  of  the 
spermatheca  in  female  specimen  are  also  used  extensively 
in  the  identification  of  flea  species. 

Exercises  (623): 

For  each  of  the  following,  identify  it  as  being  true  (T)  or 
false  (F).  Correct  any  false  statements. 

  1.  The  average  length  of  a  flea  is  5  to  7  mm. 


2.  Most  flea  species  move  very  little,  remaifiiag  with 
one  host  for  a  long  time. 


3.  Only  female  fleas  feed  on  blood. 


4.  Most  flea  species  are  specific  in  their  host 
preference,  feeding  on  only  one  type  of  host,  or 
closely  related  species. 


5.  Fleas  are  very  sensitive  to  extremes  in  temperature 
and  humidity. 


6.  Fleas  experience  incomplete  metamorphosis:  egg, 
nymph,  and  adult. 


7.  Flea  larvae  are  small  wormlike  creatures  with 
short  legs  and  chewing  mouthparts. 


o    Pupae  are  usually  enclosed  in  cocoons  of  finely 
Silk  encrusted  with  grains  of  sand  and  other 


9.  When  working  to  identify  a  flea  species,  you 
should  first  check  for  presence  or  absence  of  genal 
and  pronotal  combs. 


10.  The  shape  of  the  spermatheca  can  be  used  to  help 
identify  both  male  and  female  fleas. 


624.  Identify  flea  species  with  their  physical 
characteristics,  and  determine  the  species  of  fleas  you 
would  expect  to  find  in  given  situations. 

Oriental  Rat  Flea,  llie  oriental  rat  flea  (Xenopsylla 
cheopis)  is  the  chief  vector  of  bubonic  plague  and  feabome 
typhus.  This  insect  was  first  collected  in  the  Nile  Valley; 
hence,  the  species  name  **cheopis''  for  Cheops,  the 
Pharaoh  who  constructed  the  Great  Pyramid  at  Giza.  The 
oriental  rat  flea  has  been  introduced  into  all  sections  of  the 
world  with  Norway  and  roof  rats.  The  flea  is  established 
throughout  most  of  this  country,  being  one  of  the  most 
abundant  rat  fleas  in  the  South  and  in  Southern  California. 

The  oriental  rat  fleas  do  not  have  a  genal  or  pronotal 
comb,  the  ocular  bristle  is  in  front  of  the  eye,  and  the 
mesoplearon  has  a  vertical  rodlike  thickening  (fig.  3-3). 
You  can  easily  recognize  the  females  by  their  darkly 
pigmented  spermatheca;  this  feature  is  often  of  great  value 
in  making  a  quick  identification  of  survey  material 
collected  in  alcohol  or  saline  water  without  making  a  slide 
preparation  of  the  specimen.  The  life  cycle  varies,  being 
completed  in  as  few  as  4  to  8  weeks.  Adult  oriental  rat  fleas 
may  live  for  2  to  4  weeks,  depending  on  the  temperature 
and  relative  humidity. 

Human  Flea.  The  human  flea  (Pulex  irritans)  is  found 
throughout  the  warmer  parts  of  the  world.  It  is  the  most 
important  species  attacking  humans  on  the  Pacific  coast  and 
is  often  responsible  for  a  dermatitis  or  allergy  due  to  flea 
bites.  It  also  causes  severe  annoyance  in  the  Middle  West 
and  south,  particularly  in  homes  and  surrounding  premises. 
The  human  flea  attacks  a  wide  variety  of  hosts  including 
hogs,  dogs,  coyotes,  prairie  dogs,  ground  squirrels,  and 
burrowing  owls  often  in  areas  remote  from  people.  The 
human  flea  has  been  experimentally  infected  with  plague 
and  shown  to  be  capable  of  transmitting  the  bacteria  in  the 
laboratory.  You  can  distinguish  the  human  flea  from  other 
common  fleas  by  the  absence  of  the  pronotal  and  genal 
combs,  the  ocular  bristle  being  inserted  beneath  the  eye, 
and  the  absence  of  the  internal,  rodlike  thickening  on  the 
mesopleuron  (fig.  3-3).  A  second  species  of  Pulex  (Pulex 
simulans)  occurs  in  the  central  and  Southwestern  United 
States  and  in  Central  and  South  America. 

Northern  Rat  Flea.  The  northern  rat  flea  {Nosopsyllus 
fasciatus)  is  commonly  found  on  domestic  rats  and  house 
mice  throughout  North  America  and  Europe,  but  it's  not 
abundant  in  areas  having  extremely  warm  climate.  It  does 
not  readily  bite  humans  and  is  most  commonly  found  in 
temperar  .  tegions,  where  plague  is  not  a  severe  problem. 
It  is  iHr  ftdominanr  rut  flea  in  the  northern  V^nited  States 
and  v.eil  -^tablisacd  in  Canada.  This  species  may  be  of 
importance  in  transmission  of  plague  organisms  from  rat  to 
rat.  It  has  been  taken  from  wild  rodents  on  a  few  occasions. 
In  1971,  specimens  of  the  northern  rat  flea  were  found 
infected  with  plague  bacteria  in  the  Tacoma  area  of 
Washington. 

Dog  and  Cat  Fleas.  The  dog  flea  (Ctenocephalides 
canis)  and  cat  flea  {Ctenocephalides  felis)  probably  occur 
throughout  the  U.S.  although  they  are  less  common  in  the 
Rocky  Mountain  States.  The  cat  fleas  seems  to  be  more 
abundant  and  widely  distributed  than  the  dog  flea. 
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fleas:  pictorial  KEY  TO  SOME  COMMON  SPECItS  IN  THE  INITE^;;;;^ 
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Figure  3-3.  Picloral  key  to  common  flea  species. 
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The  head  is  about  twice  as  long  and  as  high  in  the  cat 
flea,  while  it  is  only  about  as  long  as  high  in  the  dog  flea.  In 
addition,  the  front  margins  of  the  heads  of  these  two  species 
have  different  shapes.  The  angle  is  more  acute  in  the  cat 
flea  than  in  the  dog  flea.  In  most  cat  fleas  the  flrst  and 
second  teeth  of  the  genal  comb  are  approximately  equal  in 
length,  while  in  typical  dog  fleas  the  first  tooth  is  shorter 
than  the  second  (fig.  3-3).  The  dog  flea  has  two  stout 
bristles  between  the  long  postmedian  and  apical  stle  on 
the  hind  margin  of  the  hind  tib'  ^  '  '  cat  f  as  only 
one  bristle  in  this  positic 

Both  species  arz  commonly  found  in  and  under  homes,  or 
in  yards.  They  pre-er  locations  where  dust  and  organic 
debris  accumulate.  These  fleas  attack  cats,  dogs,  and  a 
wide  variety  of  other  mammals,  such  as  foxes,  racoons,  and 
rats.  They  are  serio'is  pests  of  humans,  especially  in  the 
summer,  causing  severe  bites.  Under  favorable  conditions, 
a  generation  of  the  cat  flea  takes  about  2  to  4  days  for  the 
eggs,  8  to  24  days  for  the  larvae,  and  5  to  7  days  for  the 
pupae  to  develop. 

Sticktight  Flea.  The  sticktight  flea  {Echidnophage 
gallinacea)  is  a  small  species  that  has  no  genal  or  pronotal 
combs  but  the  front  margin  of  the  head  is  angular.  As  an 
adult,  it  attaches  firmly  to  its  host,  often  forming  ulcers  on 
the  head  and  neck  of  domestic  fowl.  The  eggs  are  deposited 
in  these  ulcers  and,  after  hatching,  the  larvae  crawl  out  and 
drop  to  the  ground  to  feed  upon  organic  matter.  All  stages 
may  be  found  in  poultry  yards  and  adjacent  buildings.  This 
flea  attacks  rats,  cats,  dogs,  rabbits,  ground  squirrels, 
horses,  fowl,  and  many  other  animais,  including  humans. 
This  flea  has  been  found  infected  with  plague  and  can  be 
infected  with  fleabome  typhus  rickettsia.  This  flea  plays  a 
minor  role  in  disease  transmission  because  the  females 
remain  permanently  fastened  to  one  host  by  means  of  their 
serrated  mandibles. 

Exercises  (624): 

1 .  Match  the  fleas  in  column  B  with  their  characteristics 
in  column  A.  Column  B  items  may  be  used  more  than 
once. 

Column  A  Column  3 


(1)  The  Mead  of 


lea 


lema'.c  has 
„ied  mandibles 
used       to  attach 
permanently     to  a 
host. 

(3)  There  is  no  genal  or 
pronotal  comb,  the 
ocular  bristle  is  in 
front  of  the  eye,  and 
there  is  a  vertical 
rodlike  thickening  in 
the  mesopluron. 

(4>  A  pronotal  comb  is 
present  and  the  fifth 
segment  of  the  hind 
tarsus  has  5  pairs  of 
plantar  bristles. 

(5)  Genal  and  pronotal 
combs  are  absent  and 
the  ocular  bristle  is 
underneath  the  eye. 


naxi  i  L-  J . 
Northern  rat  flea. 
Dog  flea. 
Cat  flea. 
Sticktight  flea. 


Column  A 

(6)  Genal  and  pronotal 
combs  are  present 
and  the  first  spine  of 
the  genal  comb  is 
distinctly  shorter  than 
the  second  spine. 

(7)  What  flea  would  you 
expect  to  find 
commonly  in  homes 
in  areas  where  dust 
and  debris  collect? 

(8)  At  a  California  base, 
some  residents  are 
c  implaining  about 
"bugs"  which  cause 
dermatitis  and 
allergies.  What  flea 
would  you  expect? 

(9)  In  a  base  housing 
area,  fleas  are  greatly 
irritating  to  both 
residents  and  house 
pets.  They  often  seem 
to  suy  attached  to 
their  victims. 


3-2.  Flea  Survey  and  Control  Measures 

Surveys  are  an  essential  part  of  programs  for  reducing 
fleas  and  their  disease-transmitting  potential.  In  this 
section,  you'll  learn  about  two  types  of  flea  surveys  you  can 
perform:  pest  flea  surveys  and  surveys  for  fleas  under 
disease  control  situations.  Similarly,  you'll  learn  about 
control  measures  on  the  same  basis. 

625.  Develop  a  basic  outline  depicting  the  steps  involved 
in  conducting  pest  flea  surveys. 

Pest  Flea  Surveys.  Surveying  is  absolutely  necr(5<:ary  if 
you  want  effective  flea  control.  In  doing  th u  v  ^i  ^  a 
most  basic  action  is  for  yow  to  locate  v;,*^  ^ic  tiosts. 
This  isn't  \iifficult  since  almost  al^  lestic  flea 
imcstations  are  associated  with  house  pets,  .nee  you've 
done  this,  you  can  begin  de'  mining  the  pet's  habits. 
What's  the  cat's  favorite  spot  oi  i  the  couch?  Is  there  a  dog 
bed  in  the  den?  Once  you  have  answers  on  these  or  similar 
questions,  you'll  have  a  good  idea  of  where  flea  **hot  spots' 
exist.  Then,  you  can  check  these  areas  for  evidence  of  fleas. 
Look  at  pet  bedding,  carpets,  throw  rugs,  furniture,  near 
heating  units,  baseboards,  and  outdoor  areas  based  on  what 
you  learned  earlier  in  the  survey. 

Make  sure  you  look  for  larvae,  pupae,  and  adults  since 
this  can  make  an  impact  on  when  you  might  need  to  retreat 
the  building  or  area.  (Of  course,  other  factors  will  be  what 
pesticide  you  use,  it's  form,  and  where  you  apply  it.)  To  do 
this,  you  may  walk  through  an  area  wearing  white  socks 
pulled  over  your  shoes,  or  lay  a  piece  of  white  cloth  on  the 
floor  to  help  you  spot  fleas.  Another  way  i*  vacuum  the 
area,  treat  the  bag  contents  with  a  contar^  ^  .^cticide,  and 
then  sample  the  contents.  (This  is  especially  good  if  you 
want  to  collect  fleas  for  slide  mounting,  and  it  sure  beats 
trying  to  hand  pick  them  from  a  pet.) 
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Exercises  (625): 

Use  the  information  you  learned  in  this  lesson  to  develop 
the  following  outline  on  conducting  Ilea  surveys. 

1.  Slepl: 

2.  Step  2: 


3.  Step  3: 


4.  Areas 

a. 

b. 
c. 
d. 

5.  Step 4: 

Methods 
a. 

b. 

c. 

626.  Verify  statements  regarding  flea  control. 

Flea  Control  For  Disease  Prevention.  Controlling 
rodent  fleas  for  disease  prevention  may  be  divided  into  two 
main  categories:  control  in  urban  areas  and  control  in  rural 
area.  Thoroughness  is  essential  in  controlling  rodent  fleas. 

Controlling  Rodent  Fleas  in  Urban  Areas.  Fleas  are 
the  most  important  vectors  of  plague  and  fleabome  typhus. 
Outbreaks  of  both  diseases  have  been  controlled  in  the  past 
by  controlling  rals»  ratproofing,  and  improving  sanitation, 
but  real  progress  in  controlling  these  diseases  was  not 
achieved  until  the  mid  forties  with  the  advent  of  DDT  and 
the  anticoagulant  rodenticides.  In  early  campaigns,  control 
measures  started  outside  the  infested  area  and  worked 
towards  the  suspected  center  of  infection.  Today,  control 
operations  are  started  at  the  suspected  focal  point  and  work 
outwards. 

To  control  an  epidemic  of  plague  or  fleabome  typhus,  the 
following  sequence  of  control  operations  has  worked  in  a 
number  of  areas: 

(l;  Applying  residual  insecticides  such  as  malamion, 
diazinon,  or  carbaryl  to  kill  the  infected  fleas,  particularly 
the  oriental  rat  flea. 

(2)  Using  multiple-dose  rodenticides  to  reduce  host 
populations,  or  fumigating  burrows. 

(3)  Improving  general  sanitation  to  keep  rouent 
populations  at  the  lowest  possible  level,  paying  particular 
attention  to  refuse  storage,  collection  and  disposal,  and 
harborage  elimination. 

(4)  Rodent  stoppage  orraiproofing. 
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(5)  Followup  surveys  and  maintenance  to  prevent  buildup 
of  disease  potentials. 

Under  the  current  concept  of  urban  control,  emphasis  is 
placed  on  residual  insecticides  and  anticoagulant 
rodenticides,  plus  rat  trapping,  rodentproofing,  and 
improved  sanitation. 

Applying  residual  insecticides  at  the  suspected  center  of 
infestation  when  you  start  control  activities  places  emphasis 
on  killing  the  infected  fleas  as  quickly  as  possible.  The 
anticoagulant  rodenticides  are  also  distributed  on  the  first 
day,  because  these  compounds  do  not  kill  rodents  until  they 
have  eaten  these  materials  for  several  consecutive  days.  It  is 
wisest  to  wait  at  least  2  or  3  days  before  rat  trapping  or  area 
poisoning  with  single-dose  rodenticides  so  the  rodents 
wandering  about  treated  areas  can  pick  up  the  insecticide  on 
their  feet  or  fur  and  carry  it  into  their  burrows  to  kill  the 
greatest  number  of  fleas  in  these  breeding  places.  More 
important,  as  the  rodents  are  trapped  or  jire  killed  by 
rodenticides,  any  fleas  still  on  the  rodents  will  be  killed  by 
the  ''blanket''  of  insecticide  before  they  can  bite  other 
animals,  including  people.  This  decreases  the  disease 
hazard . 

Apply  the  insecticide  dust  to  rat  burrows,  holes  in  floors 
and  walls,  and  enclosed  spaces  that  may  harbor  rats.  It  is 
especially  important  to  treat  spaces  between  double  walls 
and  floors  and  under  merchandise  where  there  are  rat 
entries,  because  the  danger  of  disease  spreading  from 
rodents  to  people  is  most  severe  in  buildings.  Apply  the 
dust  so  there  is  no  contamination  of  food  with  the 
insecticide,  particularly  during  application  or  by  olowing  or 
tracking. 

Dust  patches  consist  of  a  layer  of  insecticide  dust  around 
a  rat  hole,  entryway,  burrow,  or  along  a  rat  run  th- '  ' 
use.  The  thickness  of  the  patch  should  depend  upon  the 
amount  of  rat  travel  evidenced  by  the  presence  of  rat 
droppings  and  footprints.  It  may  vary  from  a  thin  film  to  a 
patch  1/4  to  3/8  inch  thick.  Rat  entries  should  be  dusted 
thoroughly  and  an  area  6  to  8  inches  long  placed  on  the 
narrowest  part  of  the  runway.  Patches  on  stairways  should 
completely  cover  two  adjacent  stair  treads.  When  parasites 
of  roof  rats  are  to  be  controlled,  dust  alternate  spaces 
between  rafters  on  overhead  ''swings."  Rat  swing  marks 
are  usually  detected  by  their  dark  and  glossy  appearance, 
because  the  rat  rubs  oil  from  its  fur  while  swinging  beneath 
rafters  or  traveling  along  a  plate.  Place  dust  patches  near 
feeding,  watering,  and  harboring  areas  and  other  locations 
frequented  by  rodents. 

Personal  Protection.  You  can  protect  yourself  from 
attack  when  going  into  a  heavily  infested  area  by  treating 
ankles  and  trouse^"  legs  with  dimethyl  phthalate.  This  will 
give  protection  for  several  hours  against  cat  and  dog  fleas. 
Clothing  may  be  impregnated  in  benzyl  benzoate  to  prevent 
flea  attt.  Also,  diethyltoluamide,  sold  commercially  as 
OFF  or  DhET,  has  shown  great  promise  as  a  flea  repellent. 
After  an  area  has  been  dusted,  these  materials  are  no  longer 
necessary.  Insecticide  dusts  prevent  biting  almost 
immediately,  although  3  to  4  hours  may  be  required  for 
complete  mortality  of  dusted  fleas. 

Sanitation.  General  sanitation  should  be  improved  as 
quickly  as  flea  control  is  achieved.  Workers  in  the  area 
should  be  vaccinated  against  plague  or  murine  typhus  and 
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wear  fleaproof  cx  thing  that  has  been  treated  with 
repellents.   The  more  time-consuming  work  of  rodent 
steppage  should  not  be  started  unul  the  danger  of 
contracting  these  diseases  is  reduced. 
Exercises  (626): 

Identify  the  following  statements  as  being  true  (T)  or  false 
(F).  Correct  any  false  statements. 

  1 .  In  a  disease  reduction  program,  emphasis  should  be 

placed  on  flea  control. 


2.  You  can  prevent  personal  flea  attack  by  treating 
legs  and  ankles  with  ronnel  before  entering  a 
heavily  infested  area. 


3.  In  efforts  to  treat  for  both  fleas  and  rodents  at  the 
same  time,  single-dose  rodenticides  should  be 
used. 


4.  Insccticidal  dusts  should  be  placed  in  burrows, 
holes,  floors,  walls,  and  any  other  enclosed  spaces 
which  harl>or  rodents. 


5.  General  sanitation  should  be  improved  before  flea 
control  is  achieved. 


627.  Specify  basic  facts  regarding  peet  flea  control,  and 
determine  control  measures  for  a  given  situation. 

Controliing  Pest  Fleas.  Pest  flea  control  may  be  divided 
into  two  main  categories:  control  of  pest  fleas  on  pets; 
primarily  cats  and  dogs,  and  control  of  pest  fleas  on 
premises,  including  indoor  and  outdoor  areas.  The  principal 
approach  to  control  is  through  insecticides.  Insecticides  for 
controlling  fleas  on  pets  or  inside  buildings  are  usually  iess 
toxic  and  are  used  at  lower  concentrations  than  those 
applied  outdoors. 

With  cat  and  dog  fleas,  reinfestation  will  occur  within  a 
short  period  of  time  urJess  you  conduct  very  thorough 
controls.  Simultaneous  treatment  of  both  hosts  and 
premises  gives  a  much  better  chance  for  economical  and 
quick  control  than  cither  alone.  Thus,  if  a  cat  or  dog  is 
treated  to  kill  a  flea  infestation,  it  will  soon  become  heavily 
infested  again  unless  all  nearby  flea  breeding  sites  are 
treated.  A  treatment  of  the  infested  animal  plus  a  complete 
coverage  of  all  breeding  sites  is  much  more  effective  than 
weekly  treatments  of  the  animal  alone. 

NOTE*  This  isn't  to  suggest  that  you  should  treat  the  pets 
yourself;  this  is  a  "hands-off '  area  for  pest  managers. 
Instead,  make  sure  the  pet(s)  is  treated  by  a  veterinarian  or 
the  owner  at  the  same  time  you're  treating  the  premises. 


For  the  most  effective  flea  control,  there  arc  some 
preliminary  actions  the  occupant  should  take  before  you 
apply  pesticides.  Encourage  the  occupant  to: 

•  Thoroughly  vacuum  the  premises,  with  special  effort 
where  fleas  may  be  found  (resting  areas,  carpet,  etc) 

•  Launder  or  destroy  pet  bedding  if  the  problem 
warrant^. 

•  Be  prepared  to  have  pets  treated  while  you're  treating 
the  premises. 

Sanitation  alone,  however,  can't  do  an  adequate  job. 
You'll  need  to  treat  the  premises  with  a  residual  insecticide. 
Tnis  is  usually  done  at  the  rate  of  about  1  gallon  per  1 ,000 
square  feet.  Refer  to  table  3-1  for  a  list  of  insecticides 
labeled  for  flea  control.  Give  special  attention  to  carpets, 
floors,  over-stuffed  furniture,  pet  resting  areas,  baseboards, 
and  any  other  likely  harborages  as  you  work.  Use  a  light  fan 
spray  to  gently  wet  all  surfaces. 

Dogs  and  cats  often  spend  a  lot  of  time  outdoors,  so  don't 
neglect  these  areas.  Apply  an  appropriate  insecticide  to 
lawns,  flower  beds,  crawl  spaces,  garbage  areas,  or  dog 
pens.  Especially  in  the  southern  and  western  parts  of  the 
U.S.,  yard  infestations  are  a  real  problem.  For  treating 
these  areas,  use  dusts,  suspensions,  or  granules  to  help  give 
long-term  protection.  Alter  your  initial  treatment, 
encourage  residents  to  periodically  apply  commercially 
available  lawn  insecticides  to  keep  flea  populations  down. 

For  treating  lawns  and  yards,  using  emulsions  or 
solutions  isn't  advisable.  Wettable  powders  and  dusts  are 
safe  on  shrubbery  and  grass  and  have  a  long  residual  action, 
but  they  leave  a  light-colored  deposit.  The  dusts  are 
frequently  twice  as  strong  as  the  sprays.  Emulsions 
containing  these  insecticides  may  be  used  in  yards  if  you're 
sure  the  emulsions  being  used  will  not  harm  the  plants. 
Some  of  the  auxiliary  solvents  used  in  preparing  emulsion 
concentrates  will  "bum"  foliage  or  grass.  Using  solutions 
on  vegetation  is  even  more  dangerous  since  many  of  the 
petroleum  solvents  are  known  to  be  phytotoxic.  Take  care 
not  to  release  sprays  at  high  pressure  close  to  foliage  since 
this  may  also  damage  vegetation. 

Exercises  (627): 
1 .  What  are  the  two  main  categories  of  pest  flea  control? 


2.  What  approach  gives  the  best  chance  for  quick  and 
economical  flea  control? 


3.  What  role  should  you  play  regarding  treating  pets  for 
fleas? 


4.  What  two  measures  should  precede  chemical  treatment 
of  a  home  with  fleas? 
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TABLEH 
INSECTICIDES  FOR  aEA  CONTROL 


Insecticide 
Baygon 


Dlazlnon 

FICAM-W 

Dursban 
Dursban  10 
Malathion 


PyrcthrJna 
and 

piperonyl  butoxlde 

Pyrethrlns 

SBP-1382 


Sevln 

Safrotln 
Precor 


Insecticide 


Propoxur 


Dlazinon 


Bendlocarb 


Chlorpytlfoi 


HalAthlon 


Pyrethrlns  and 
Piperonyl  butoxlde 


Pyrethrlns 
Resnethrln 

Carbaryl 

propetanphos 
nethoprene 


Formulation 


Emulslflable  concentrate 
Wettable  powder 
Aerosol 

Aerosol  with  DDVP 

Emulslflable  concentrate 
Granules 

Wettable  powder 
Dust 

Enulslflable  concentrate 


Dust 

Emulslflable  liquid 
Spray 

Spray 
Aerosol 

Dust  with  Baygon 

Dust 

Spray 
Fogs 

Emulslflable  concentrate 
Dust 

Wettable  powder 
Enulslflable  concentrate 


Emulslflable  concentrate 


0  J  0 


Indoor    Outdoor  Pets 


X 
X 


X 
X 
X 


X 
X 

X 


X 
X 

X 
X 


X 
X 
X 


ERIC 


Questions  5  and  6  are  based  on  the  following  situation:         5.  What  action  should  you  take? 
You've  received  a  work  order  from  n  base  housing 
occupant  who  just  returned  from  a  3-\vcek  vacation 
(some  people  h  /e  all  the  luck).  Tlicir  house  is  "ftiU  of 
fleas'*  even  though  they  had  their  dog  dipped  for  fleas 

before  they  left,  6,  What  action  should  tSe  occupants  tiike? 
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CHAPTER  4 


Lice,  Ticks,  and  Mites 


LICE,  TICKS,  AND  MITES  have  been  with  us  for 
centuries.  Infestations  with  lice  occur  today  in  the  United 
States  and  many  other  countries  despite  great  efforts  to 
maintain  high  standards  of  health.  Pest  management  and 
health  personnel  are  often  called  upon  if  infestations 
include  or  expose  large  groups  of  people,  particularly  in 
those  areas  such  as  schools,  dormitories,  hospitals,  and 
child  care  centers. 

Ticks,  vicious  bloodsucking  pests,  are  important  to  the 
Air  Force  because  they  can  disnipt  a  mission  if  they  are 
allowed  to  contaminate  areas  and  infest  people  and 
domestic  animals.  Low  morale,  sickness,  and  sometimes 
death  are  the  result  of  increased  population  of  these  pests. 

Mites  often  infest  foods,  stuffed  furniture,  and 
mattresses.  Some  of  the  larger  infestations  in  buildings 
result  from  invasions  by  rodent  mites,  bird  mites,  and 
clover  mites.  A  number  of  the  mites  discussed  in  this 
chapter  are  vectors  of  organisms  that  cause  diseases  which 
affect  people  and  their  animals;  others  cause  dermatitis  and 
allergic  reactions  in  humans. 

4-1.  Lice 

The  three  sucking  lice  that  infest  humans  arc  the  body 
louse,  the  head  louse,  and  the  crab  louse.  The  body  louse  is 
the  species  involved  in  epidemics  of  lousebome  typhus, 
trench  fever,  and  relapsing  fever,  but  all  three  cause 
pediculosis.  This  section  discusses  the  medical  importance, 
biology,  and  control  of  these  lice. 

628.  Identify  the  general  characteristics  of  lice. 

Identlflcation  and  Classiflcation.  Sucking  lice  belong 
to  the  order  Anoplura.  These  wingless  insects  are  flattened 
dorsoventrally  (fig.  4-1)  from  top  to  bottom  like  a  pancake. 
Adult  lice  have  mouthparts  consisting  of  three  stylets 
modified  for  piercing  and  sucking;  the  stylets  are  retracted 
within  the  head  when  not  in  use.  Their  legs  are  short  and 
stout,  with  a  large  claw  on  one  or  more  of  the  three  pair  of 
legs  for  grasping  and  holding  onto  hairs.  The  eggs  of  lice 
differ  from  those  of  most  other  insects  because  they  are 
attached  by  cement  and  have  a  distinct  cap  or  operculum. 
Females  are  usually  larger  than  males  and  the  tip  of  the 
abdomen  is  notched.  Males  have  the  tip  of  the  abdomen 
rounded  with  somewhat  cigar-shaped  genitalia  that  is  often 
visible  through  the  body  wall. 


Development.  Lice  have  three  immature  (nymphal) 
stages  which  resemble  the  adult  stage.  Most  nymphs  differ 
from  adults  in  having  fewer  hairs  on  their  bodies,  fewer 
sclerotized  plates,  and  in  being  sexually  undifferentiated. 
Lice  are,  therefore,  good  examples  of  insects  with  gradual 
metamorphosis,  that  is,  insects  with  three  stages  of  life: 
egg,  nymph,  and  adult  (fig.  4-2). 

Hosts.  Most  sucking  lice  spend  their  entire  life  as 
ectoparasites  on  mammals.  The  body  louse  is  a  conspicuous 
and  important  exception  because  it  rests  on  clothing  except 
when  feeding.  Sucking  lice  occur  only  on  mammals,  never 
on  birds,  reptiles,  or  amphibia.  Each  species  of  louse 
generally  feeds  upon  only  one  species  of  host  animal,  one 
genus,  or,  more  rarely,  one  group  of  mammals.  In  general, 
closely  related  groups  of  mammals  appear  to  be  infested  by 
closely  related  species  of  lice. 

Exercises  (628): 

Place  the  letter  "T"  in  front  of  the  correct  statements. 
Correct  any  false  statements. 

  l.The  crab  louse  is  the  species  involved  in  the 

epidemics  of  louseborne  typhus  and  relapsing 
fever. 


  2.  All  three  types  of  sucking  lice  cause  pediculosis. 


  3.  Adult  lice  have  mouthparts  consisting  of  three 

stylets  modified  for  piercing  and  sucking. 


  4.  The  eggs  of  lice  are  smooth,  spherical,  and  are  not 

sticky. 


5.  Most  sucking  lice  spend  their  entire  life  on 
mammals. 
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bdomen  elongate  wiThOut  hairy 

PROCESSES  LATERALLY 


BODY  LOUSE  AND  HEAD  LOUSE  (  pcoiCulus  mumanus  > 


FIRST    PAIR  OF   LEGS  SMALLER    TmAN  SICONO 


ABDOMEN  SHORTER  WiTh  hAiry 
PROCESSES  LATEr^AlLY 


CKAB  LOUSE        tPTHlRUS  PUBtS  I 


Figure  4-1 .  Species  of  lice. 


629.  Identify  given  statements  pertaining  to  louse 
characteristics  as  applying  to  the  head  louse,  body  louse, 
or  both. 

Head  and  Body  Lice.  The  body  louse  (Pediculus 
humanus  humanus)  and  head  louse  (Pediculus  humanus 
capitis)  are  very  similar  to  each  other  physiologically,  but 
they  differ  morphologically  in  size,  proportion,  and  color. 
They  also  differ  biologically  in  habits,  one  form  living  on 
the  head  and  neck  and  the  other  on  the  body. 

Adult  identification.  Tne  adult  body  louse  is  2  to  4 
millimeters  long,  greyish  white  in  color,  and  is  generally  10 
to  20  percent  larger  than  the  head  louse.  The  head  louse  is  1 
to  2  millimeters  long  and  is  greyish  white  with  dark 
margins. 

Habitat.  Adults  and  nymphs  of  head  lice  are  found  in  the 
hair  and  on  the  scalp;  they  tend  to  be  most  prevalent  on  the 
back  of  the  neck  and  behind  the  ears.  They  aren*t  known  to 
infest  eyebrows  or  eyelashes. 

Although  as  many  as  1 ,000  body  lice  have  been  removed 
from  the  undergarments  of  one  person,  it  is  more  typical  to 
And  less  than  10  lice  per  person.  Most  of  the  lice  are  on  the 
inner  surface  of  the  clothing,  next  to  the  skin.  Females  tend 
to  congregate  along  seams  for  egg  laying.  Some  adults  may 
migrate  away  from  the  skin  to  the  outer  garments  and  to 
other  people.  Head  and  body  lice  can  move  fairly  rapidly 
and  will  pass  from  host  to  host,  or  from  host  to  bedding,  by 
simple  contact. 

It  is  difficult  to  find  human  lice  and  crab  lice  away  from 
humans.  Beds  occupied  every  night  by  unsanitary 
individuals  have  a  greater  chance  of  being  infested.  If 
unoccupied  for  several  nights,  they  tend  to  be  free  of  lice. 
Head  and  body  lice  may  be  acquired  by  personal  contact 
and  by  putting  on  infested  garments.  Head  lice  may  be 
acquired  by  contact  with  upholstered  chairs  and  by  using 


infested  brushes  and  combs.  Hairs  with  eggs  attached  may 
be  blown  about.  Lice  tend  to  leave  a  feverish  patient  and 
seek  otb'^r  hosts. 

Habi-  1  hese  lice  depend  upon  human  blood  as  a  means 
of  life.  They  suck  blood  for  long  periods  of  time,  but  they 
don't  ordinarily  become  engorged.  Some  individual  lice 
feed  too  avidly,  causing  rupture  of  their  digestive  system, 
and  succumb  because  of  their  greed.  During  feeding,  dark 
red  feces  may  be  deposited  on  the  skin. 

When  ready  to  feed,  the  louse  anchors  its  mouth  to  the 
skin,  slabs  an  opening  through  the  skin,  pours  saliva  into 
the  wound,  and  pumps  blood  from  the  injury  into  the 
digestive  system  by  means  of  the  pharyneal  pump. 

The  body  louse  remains  attached  to  clothing  fibers  and 
bends  over  to  feed  while  the  head  louse  simply  remains 
attached  to  body  hairs. 

Entomologists  may  disagree  with  one  another  on  a 
number  of  issues  but  one  in  which  there  is  no  disagreement 
is  that  lice,  including  pubic  lice,  do  not  jump  or  fiy. 

The  question  of  whether  head  lice  can  jump  or  fly  may 
have  arisen  because  static  electricity  generated  by  combing 
the  hair  can  cause  them  to  be  suddenly  repelled  from  the 
comb.  It  is  essential  to  dispel  the  notion  that  lice  can  jump 
or  fly  in  order  to  focus  attention  on  the  fact  that  lice  are 
transmitted  principally  through  contacts  with  an  infested 
person  or  to  a  lesser  extent  with  fomites  (infested  objects). 

The  possibility  exists  that  lice  could  be  blown  about  by 
wind,  but  this  is  remote.  There  are  also  rare  instances  where 
lice  from  humans  were  foiv^^d  on  insects,  but  insects  as  a 
means  of  transferring  lice  from  person  to  person  cannot  be 
realistically  regarded  as  any  more  than  a  vety  infrequent 
possibility. 

Egg  laying.  Mating  occurs  frequently  and  at  any  time  in 
the  adult's  life,  from  the  first  10  hours  to  old  age.  Eggs  are 
laid  24  to  48  hours  later,  depending  upon  temperature 
conditions.  Eggs  are  cemented  on  head  hairs  by  head  lice  or 
on  the  underclothing  by  body  lice.  If  the  human  is  relatively 
nude,  as  in  some  tropical  areas,  lice  may  infest  beads  and 
necklaces.  Body  lice  may  deposit  9  or  10  eggs  per  day  and  a 
total  of  270  to  300  eggs  in  a  lifetime.  Head  lice  arc  less 
prolific,  depositing  about  4  eggs  per  day  for  a  total  of  about 
88  days  in  a  lifetime.  The  hatching  of  eggs  is  greatly 
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Figure  4-2.  Life  cycle  of  a  head  louse. 
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reduced  or  completely  prevented  by  exposure  to 
temperatures  above  100°  F.  or  lower  than  75°  F. 

Nymph  developmenL  After  emerging  from  the  egg,  the 
louse  nymph  molts  three  times  before  becoming  a  sexually 
mature  adult.  Therefore,  there  are  three  nymphal  instars, 
differing  from  each  other  by  the  increased  length  of  the 
abdomen  as  development  progresses.  The  nymphal  stages 
require  8  to  9  days  for  lice  remaining  in  contact  with  the 
human  body,  but  may  take  2  to  4  weeks  when  the  clothing 
is  removed  at  night.  If  the  clothes  aren't  worn  for  several 
days,  all  lice  will  usually  succomb.  The  total  life  cycle  of 
head  and  body  lice  may  be  completed  in  about  1 8  days. 

Exercises  (629): 

1 .  Match  characteristics  in  column  A  with  head  and  body 
lice  or  both  in  column  B.  Column  B  items  are  used 
more  than  once. 

  (I)  The  adult  louse  is  about  2  to  4  millimeters 

long  and  greyish  white. 
  (2)  The  adult  louse  is  I  to  2  millimeters  long  and 

is  greyish  white  with  dark  margins. 


(3)  Are   not   known   to   infect  eyebrows  or 
eyelashes. 


-  (4)  Can  move  fairly  rapidly  from  host  to  host  by 
simple  contact. 


(5)  May  be  acquired  by  putting  on  infected 
garments. 


(6)  Female  lays  eggs  along  clothing  seams. 


(7)  Tend  to  leave  feverish  patients  and  seek 
other  hosts. 


(8)  May  deposit  9  or  10  eggs  per  day. 


(9)  May  deposit  4  eggs  per  day. 


(10) The  nymphal  stage  requires  8  to  10  days 
when  remaining  in  contact  with  human 
Sody. 
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630.  Cite  information  regarding  the  basic 
characteristics  of  crab  lice. 

Characteristics  of  Crab  Lice.  Crab  lice  (Pthirus  pubis) 
are  small  (0.8  to  KO  mm),  greyish-white  insects  with  a 
short  abdomen  bearing  hairy  lateral  tufts  and  large  second 
and  third  pairs  of  legs  that  give  them  a  crablike  appearance 
(fig.  4-1).  "^"^ 

These  insects  are  most  commonly  found  on  hairs  in  the 
pubic  ai'eas,  but  they  may  be  found  on  hairy  areas  of  the 
chest  and  armpits.  Infestations  of  the  eyebrows  and 
eyelashes  are  frequently  reported.  Crab  lice  on  the 
eyebrows  feed  in  a  very  localized  area  and  cause 
hemorrhages  in  the  skin  which  result  in  a  bluish  pigment 
directly  above  the  eyebrows. 

The  Jife  cycle  of  the  crab  louse  is  similar  to  that  of  the 
head  and  body  lice.  The  eggs  are  glued  to  hairs  but  are 
smaller  than  the  body  louse  eggs. 

There  are  three  nymphal  stages.  In  a  few  specimen  that 
were  carefully  studied,  it  took  13  to  17  days  for  them  to 
become  adults.  Adult  life  lasts  less  than  a  month.  All  stages 
are  more  sedentary  than  thoi.e  of  head  or  body  lice.  They 
tend  to  settle  down  at  one  spot,  grasping  hairs  with  the  legs 
of  both  sides  of  the  body,  inserting  the  mouthparts,  and 
taking  blood  intermittenly  for  many  hours  at  a  time.  The 
legs  are  adapted  for  grasping  large  hairs,  and,  in  the 
position  adopted,  the  adult  prefers  hairs  widely  spaced 
(compared  with  the  dense  hairs  of  the  head).  This  may 
partly  explain  the  distribution  of  the  crab  louse,  which  is 
found  most  commonly  on  the  hair  in  the  pubic  and  anal 
areas.  This  insect  survives  only  a  short  time  away  from  the 
host. 

Crab  lice  are  spread  chiefly  by  sexual  contact,  but  they 
may  be  acquired  by  other  means,  such  as  infested  toilet 
seats  and  beds  (rare),  and  by  close  personal  contact.  Many 
authorities  believe  that  there  has  been  a  resurgence  in  the 
number  of  cases  of  crab  louse  infestations  related  to  the 
present  worldwide  climate  of  cultural  permissiveness. 

Exercises  (630): 

1.  On  what  body  parts  are  crab  lice  most  commonly 
found? 


2.  Where  are  crab  louse  eggs  found? 


3.  How  are  crab  lice  chiefly  spread? 


631.  Specify  details  related  to  controls  for  lice. 

Controlling  Lice.  The  first  thing  you  need  to  understand 
about  controlling  head,  body,  or  crab  lice  is  that,  as  a  pest 
manager,  there's  generally  not  much  you  can  or  should  do. 
Medical  personnel  are  responsible  for  taking  any  direct 
personal  action  to  control  lice.  If  your  shop  gets  contacted, 
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it's  usually  to  treat  the  quarters  of  a  person  who's  been 
identifled  by  a  doctor  as  having  lice.  Another  typical 
situation  is  your  being  contacted  by  a  first  sergeant  who  is 
working  to  prevent  a  severe  round  of  **louse-a-phobia"  in  a 
dormitory  where  one  or  two  people  have  developed 
pediculosis. 

Your  role  in  a  louse  control  program,  however,  isn't 
normally  in  the  realm  of  control,  but  of  education.  Many 
people  associate  pediculosis  with  the  lack  of  sanitation  and 
feel  greatly  stigmatized  when  informed  that  the  members  of 
their  family  or  others  around  them  have  lice.  But  as  you  will 
see,  the  relationship  between  uncleanliness  and  pediculosis 
is  not  that  of  cause  and  effect. 

Anyone  can  acquire  lice — head,  body,  or  pubic  lice — 
regardless  of  his  or  her  level  of  cleanliness,  and  once  a 
person  is  infected,  ordinary  levels  of  cleanliness  such  as 
bathing  and  frequent  changes  of  clothing  can  be  expected  to 
eliminate  body  louse  infestations.  This  is  because  the  body 
louse  lives  in  clothing,  an^^  laundering  or  storage  of  clothing 
will  result  in  the  death  of  lice  and  nits  (eggs). 

A  person  wearing  the  same  clothes  and  not  bathing  can 
do  so  indefmitely  without  becoming  lousy.  During  a  typhus 
epidemic,  for  example,  an  entire  population  may  be  treated 
with  a  pediculicidal  dust  to  kill  body  lice  without 
necessarily  providing  either  bathing  or  laundering  facilities. 
When  all  the  lice  are  killed,  the  epidemic  is  halted  but  the 
sanitation  level  remains  low. 

However,  once  an  infestation  starts,  continued  negL'Kit  of 
sanitary  measures  will  lead  to  a  rapid  increase  in  the  louse 
population,  and  crowded  conditions  will  allow  the  lice  to 
spread  to  other  persons. 

Supportive  louse  control  measures.  Although  complete 
control  is  almost  impossible  without  treating  the  host,  there 
are  some  supportive  measures  which  can  be  of  value  in 
preventing  lice  from  spreading  to  groups  of  people  who 
must  closely  associate  with  either  other. 

You  can  treat  places  like  dormitories,  gymnasiums,  and 
school  lockers  with  residual  insecticides  so  any  louse  that 
may  fall  or  be  knocked  from  an  infested  person  may  be 
killed  before  it  gets  on  another  person.  Treating  the  inner 
surfaces  of  lockers  can  be  beneficial  in  body  louse  control 
since  they  can  crawl  from  one  clothing  item  to  another .  If 
lousy  garments  arc  left  in  a  locker  overnight,  exposure  to  a 
toxicant  may  keep  the  problem  from  spreading.  Of  course, 
the  extent  of  this  kind  of  treatment  will  depend  on  how 
widespread  the  problem  is,  where  it  exists,  and  the  potential 
for  spreading  to  other  people. 

corrective  louse  control  measures.  Body  lice  eggs  are 
laid  on  the  cloth,  attached  to  the  fibers;  wool  cloth  is  much 
preferred  to  other  kinds.  In  looking  for  infestations, 
examine  the  clothing  along  the  seams  and  folds,  especially 
on  the  inside  of  the  underwear. 

Ordinary  laundering  with  hot  water  will  destroy  all  stages 
of  lice  on  clothing  and  bedding.  Dry  cleaning  may  be  used 
to  destroy  lice  on  wool  garments.  The  solvent  used  in 
cleaning  is  toxic  to  lice,  and  the  steam  used  in  pressing 
makes  certain  that  control  is  complete.  Pressing  woolens  at 
home  is  also  satisfactory,  but  special  attention  must  be 
given  to  the  seams. 

Head  lice  spread  rapidly  through  a  family  and  may  be 
transmitted  to  people  throughout  a  community.  They  are 


most  abundant  in  children.  In  some  countries,  girls  tend  to 
be  more  heavily  infested  by  both  head  and  body  lice  than 
boys. 

The  eggs,  often  called  nits,  are  the  easiest  stage  to 
discover  when  inspecting  for  head  lice.  They  are  most 
commonly  attached  to  the  hair,  close  to  the  scalp  behind  the 
ear. 

A  medical  application  of  1  percent  lindane  or  1  percent 
malathion  dust  in  pyrophyiiite  or  talc  is  effective,  although 
it  is  unsightly.  The  dust  should  remain  on  the  scalp  24  hours 
in  order  to  produce  a  complete  kill.  A  second  treatment  7  to 
10  days  later  will  kill  all  lice  that  have  hatched  since  the 
first  treatment. 

The  safest  and  best  materials  medical  personnel  may  use 
for  head  louse  control  are  emulsions  containing  0.2  percent 
pyrethrins,  1  percent  lindane  (Kwell  sV»impoo),  or 
insecticide  dusts  containing  1  percent  lindane  or  1  percent 
malathion.  The  following  procedure  for  using  emulsions  is 
safe  and  easy  to  follow  for  tlie  distressed  victim. 

( 1 )  Shampoo  and  dry  the  hair  thoroughly . 

(2)  Seat  person  in  chair  with  head  tilted  backward  and 
eyes  covered  with  towel. 

(3)  Apply  the  emulsion  liberally  to  the  hair  and  scalp  with 
brush  and  swab.  Work  against  *he  nap  of  the  hair  and  touch 
all  hair  and  the  whole  scalp. 

(4)  Comb  the  hair  in  the  usual  manner. 

(5)  After  10  minutes  with  the  pyrethrin  emulsion,  or  after 
24  hours  with  the  lindane  emulsion,  shampoo  the  hair. 

(6)  Dry,  comb,  and  brush  hair  to  remove  dead  lice  and 
loosened  eggs.  5 

As  with  head  and  body  lice,  a  simple  treatment  for  crab 
louse  control  is  shaving  or  cutting  the  infested  hair  to 
remove  adults,  inmiature  stages,  and  eggs  glued  to  hairs. 

People  are  very  sensitive  about  infestations  of  crab  lice. 
A  rumor  or  an  infestation  in  a  large  office  building  or 
dormitory  can  do  much  to  disrupt  normal  operations  and 
cause  distress.  If  these  problems  are  dealt  with  quickly  and 
firmly,  they  will  soon  be  forgotten. 

Lice  are  highly  dependent  upon  their  hosts  for  warmth, 
food,  and  shelter.  Most  lice  live  on  their  human  hosts  but 
some  can  be  found  in  beds,  on  furniture,  clothing,  and 
possibly  on  the  rugs  and  floors.  In  the  case  of  head  lice, 
they  may  also  be  found  on  combs,  hairbrushes,  headgear, 
and  scarves. 

After  an  individual  hixs  been  successfully  treated,  the 
major  source  of  lice  will  have  been  eliminated.  Clothing 
and  linen  washed  or  dry  cleaned  would  eliminate  further 
possible  sources,  leaving  rugs,  furniture,  and  floors  and  the 
remaining  possibihties. 

The  vacuum  cleaner  is  probably  the  best  tool  to  use  on 
rugs,  floors,  and  furniture.  Lice,  if  present  for  any  length  of 
time,  are  usually  weakened  from  lack  of  food  or  cold  or 
injured  by  the  comb  passing  through  the  hair  (in  the  case  of 
head  lice).  There  is  no  reason  to  believe  the  presence  of 
rugs  in  a  room  would  be  a  significant  factor  in  maintaining 
lice. 

Fumigation  of  a  room  or  building  will  undoubtedly 
hasten  the  demise  of  any  lice  or  eggs  present;  but  its  cost  is 
very  high,  the  results  are  transitory,  and  the  returns  are 
meager.  Fumigation  is  not  recommended  under  any 
reasonable  circumstances. 
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When  you*re  encouraged  (or  ordered)  to  spray  infested 
objects  (fomites)  you  should  limit  it  to  special  situations. 
There  are  presently  two  sprays  available  for  this  purpose — 
R&C  &  C  spray  and  Li-Ban.  The  effectiveness  of  the  spray 
is  greater  when  the  insecticide  contacts  the  louse  directly, 
less  so  if  the  louse  contacts  the  treated  surface.  The 
effectiveness  of  the  spray  is  short,  probably  less  than  a  day. 

The  caution  appearing  on  the  label,  **Not  for  use  on 
humans  or  animals/'  should  be  carefully  observed.  As  with 
many  sprays,  the  carrier  for  the  insecticide  may  affect 
certain  synthetic  materials.  (CAUTION:  Test  on  a  small 
area  in  an  inconspicuous  spot  first  before  proceeding  with 
the  application.) 

Exercises  (631): 

1 .  Who  is  responsible  for  treating  lice  on  a  person's  head 
or  body? 


2.   In  a  louse  control  program,  what  is  your  primary 
responsibility? 


3.   Under  what  condition  will  poor  sanitation  promote 
louse  infestations? 


4.   How  may  treating  lockers  in  dormitories,  etc.  help 
keep  body  lice  from  spreading? 


5.   What's  the  most  effective  means  of  controlling  lice  on 
rugs,  furniture,  or  floors? 


4-2.  Ticks 

The  material  in  this  section  introduces  the  tick  and 
reviews  the  characteristics,  distribution,  and  control  of  the 
tick.  The  material  also  covers  methods  of  personal 
protection  and  treating  infested  areas 

632.  Relate  information  regarding  dLseases  spread  by 
ticks. 

Tickborne  Diseases.  Ticks  are  known  to  spread  four 
groups  of  deadly  diseases  to  people: 

(1)  Rickettsial — spotted  fever  and  Q  fever. 

(2)  Bacterial — tuleremia. 

(3)  Spirochetal — relapsing  fever. 

(4)  Viral — Colorado  tick  fever. 


As  you  can  see,  ticks  can  cause  great  discomfort  to  humans. 
See  table  4-1  for  the  following  discussions. 

Rocky  Mountain  spotted  fever.  This  is  a  febrile  disease 
caused  by  Rickettsia  rick^ttsii.  In  the  west,  the  Rocky 
Mountain  wood  tick  (Dennacentor  andersoni)  and  the 
rabbit  tick  {Havmaphysalis  leporispalustris)  spread  the 
disease  from  animal  to  animal.  Dermacentor  andersoni  is 
the  most  important  western  vector  and  both  male  and 
female  of  the  species  arc  inlcclious.  The  American  dug  tick 
{Dermacentor  variabilis)  is  the  most  important  vector  in  the 
East.  Another  species,  the  lone  star  tick  (Ambiyomma 
americanum)  is  probably  a  vector  in  parts  of  the  eastern 
United  States  and  Texas,  Oklahoma,  and  Arkansas. 

Dermacentor  ticks  are  well  suited  as  vectors  of  spotted 
fever  because  their  larvae  and  nymphs  feed  on  rodents,  and 
the  adults  attack  man  and  other  large  animals.  However, 
fever  transmission  doesn't  occur  unless  the  tick  remains 
attached  for  more  than  2  hours. 

Spotted  fever  has  been  reported  throughout  the 
Continental  U.S.,  but  not  Alaska  or  Hawaii.  The  greatest 
number  of  cases  have  been  reported  from  the  South  Atlantic 
States,  particularly  Virginia,  Maryland,  and  North 
Carolina.  Great  differences  in  the  virulence  of  the  disease 
have  been  reported.  The  westem  strain  is  considered  more 
deadly  than  the  eastern,  but  the  fatality  rate  for  spotted 
fever  is  about  as  high  in  the  East  as  it  is  in  the  West. 

Tularemia,  Tularemia  or  rabbit  fever,  is  a  plaguelike 
disease  transmitted  to  humans  from  rabbits  or  rodents.  This 
disease  has  caused  heavy  losses  in  sheep.  The  disease 
bacteria  infects  a  wide  variety  of  hosts,  but  is  especially 
prevalent  in  rabbits.  Tularemia  is  transmitted  to  these  hosts 
by  ticks  of  the  general  Dermacentor,  Amblyomma,  and 
Haemaphy,  which  may  transmit  the  diseare  organisms  to 
their  offspring  in  the  egg  and  from  one  stage  to  another 
(cyclo-propogative  transmission).  People  can  get  the 
disease  by  contact  with  infected  rabbits  or  other  animals, 
the  feces  of  infected  ticks,  or  by  tick  bites. 

Relapsing  fevers.  There  are  two  distinct  diseases  known 
as  relapsing  fever,  one  tickbome,  the  other  lousebome. 
They  show  only  minor  clinical  variations  and  are 
distinguishable  by  differences  in  mode  of  transmission  and 
geographic  distribution.  These  diseases  occur  on  every 
continent  with  the  possible  exception  of  Australia  and  are 
caused  by  spirochetes  in  the  genus  Borrelia.  The 
epidemic,  lousebome  type  is  most  frequently  due  to 
Borrelia  recurrentis  and  the  endemic,  tickbome  type,  is 
caused  by  a  number  of  species  of  Borrelia.  Lousebome 
relapsing  fever  is  not  known  to  occur  in  the  United  States  at 
this  time. 

In  the  U.S.  relapsing  fever  spirochetes  are  transmitted  by 
soft  ticks  of  the  genus  Ornithodoros  in  limited  areas  of  13 
Westem  States.  There  are  four  species  which  are  proven 
vectors  relapsing  fever  spirochetes:  Ornithodoros  hermis: 
in  Califomia,  Nevada,  Idaho,  Oregon,  Washington,  and 
Colorado;  Ornithodoros  turicata  and  Ornithodoros  talaje  in 
the  United  States  from  Florida  to  Califomia  and  northward 
to  Kansas,  Colorado,  and  Utah;  and  Ornithodoros  parkari 
in  northwestem  United  States.  Ticks  remain  infective  for 
life  and  pass  the  spirochetes  to  their  offspring.  Both  ticks 
and  their  rodent  hosts  may  serve  as  reservoirs  for  the 
disease.  Infections  of  humans  are  believed  to  take  place  by 
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TABLE  4-1 
TICKBORNE  DISEASES  IN  THE  UNITED  STATES 


Name  of 
Disease 

Disease 
Organism 

Type 
Organism 

Tick  Vector 

Rocky  MountaiD 
Spotted  fever 

Rickettsia  rickettsii 

riCKtUala 

Dermacentor  Variabilis 

D,  Andersoni 

D,  Occidentalis  *** 

Amblyomma  americanum 

Haemaphysalisleporisj^alustris  * 

Tularemia 

Pasteurella  tularensis 

bacterium 

D,  variabilis 

D.  andersoni 

H  Ipnnrisnalustris 

Amblyomma  amer:canum 

Relapsing  Fevers 

Borrelia  spp. 

Spirochete 

Ornithodoros  hermsi  0  talaje 
0  Parkeri  0.  turicate 

Colorado  Fever 

Birus 

Virus 

r — 

Q  fever 

Coxiella  burnetii 

rickettsia 

D.  andersoni 
A,  americanum 
Otobius  Megnini 



Tick  paralysis 

— no  organism,  toxic  secretion  — 

n  variabilis 

Anaplasmosis  ** 

Anaplasma  spp. 

protozoan 

Many  tick  species 

Cattle  tick  fever 

Babesia  bigemina 

protozoan 

Boophilusannulatus,  B.  microplus 

Bullis  fever 

Unknown 

rickettsia 

Amblyomma  americanum  ( ?) 

i   Transmits  disease  among  rabbits. 
**  Disease  of  cattle. 

***  Found  infected  in  nature  but  transmission  to  man  has  not  been  reported. 
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contamination  of  the  wound  or  skin  by  tick  secretions  in 
some  species.  Ornithodoros  turicata,  Ornithodoros 
parkeri,  and  Ornithodoros  hermsi  deflnitely  infect  by  the 
bite. 

Colorado  tick  fever.  Colorado  tick  fever  is  a  viral  disease 
of  short  duration  and  low  mortality,  characterized  by 
sudden  onset,  leukopenia  (reduction  of  white  corpuscles  in 
the  blood),  and  absence  of  the  rash  usually  associated  with 
rickettsial  diseases.  Human  cases  occur  in  western  Canada 
and  in  Washington,  Oregon,  Idaho,  Montana,  California, 
Nevada,  Utah,  Wyoming,  Colorado,  and  South  Dakota  in 
an  area  correlating  well  with  the  range  of  Dermacentor 
andersoni.  The  virus  has  been  isolated  from  the  Rocky 
Mountain  wood  tick  and  a  number  of  small  rodents'^, 
particularly  ground  squirrels.  The  disease  is  most  common 
in  men,  but  also  occurs  in  women  and  children. 

Tick  bite  paralysis.  Tick  bite  paralysis,  produced  by  the 
engorging  female  hard  tick,  is  probably  caused  by  a 
neurotoxic  substance  in  tiie  tick  saliva,  possibly  a  foreign 
protein  such  as  partially  digested  blood.  The  symptoms 
develop  about  6  days  after  the  tick  becomes  attached  and 
while  engorgement  is  well  under  way.  There  is  a  rapid 
upward  progression  of  paralysis  starting  with  the  feet  and 
legs  and  extending  to  the  face,  tongue,  and  pharynx, 
sometimes  ending  with  respiratory  failure  and  death.  Tick 
paralysis  is  most  frequently  observed  in  children  under  7 
years  of  age  and  has  a  high  fatality  rate.  In  the  United  States 
in  1950,  12  deaths  occurred  among  94  cases  for  a  12.7- 
perccnt  mortality  rate.  In  another  study  in  the  Pacific 
Northwest  of  the  United  States,  27  deaths  occurred  in  238 
cases,  an  U -percent  fatality  rate.  In  North  America  the 
wood  tick  and  the  American  dog  tick  are  the  two  species 
that  most  commonly  cause  tick  paralysis.  This  disease  is 
most  frequently  observed  in  me  Northwestern  and 
Southeastern  States.  The  usual  site  of  tick  attachment  is  the 
scalp,  particularly  the  back  of  the  head.  Persons  camping 
and  hiking  should  prevent  tick  attachment  by  thorough 
mspection  of  the  body  and  garments  and  the  use  of  tick 
repellents  and  protective  '^jlothing.  Small  girls  are  the  most 
subject  to  tick  paralysis,  their  long  hair  can  conceal  the 
ticks  on  the  back  of  the  neck.  Grown  persons  are  rarely 
paralyzed.  Recovery  of  patients  is  rapid  following  simple 
removal  of  the  engorging  tick  and  application  of  a  suitable 
antiseptic.  Tick  paralysis  also  occurs  in  dogs  and  cattle. 

Q  fever.  Q  fever  (Query  fever)  is  a  rickettsial  disease 
which  has  also  been  known  as  nine  mile  fever.  The 
causative  organism,  Coxiella  burned,  has  caused  outbreaks 
among  stockyard  workers  in  Australia  and  the  United 
States,  in  laboratory  workers,  veterinarians,  and  farmers. 
The  disease  has  been  reported  from  all  continents  and  in 
ever-widening  localities.  The  Rocky  Mountain  wood  tick, 
lone  star  tick,  spinose  ear  tick,  and  many  other  species  have 
been  found  infected.  Tick  tissue  and  feces  become 
massively  infected  with  this  rickettsial  agent.  It  is  suspected 
that  humans  may  inhale  the  disease  organisms  with  dust  and 
droplets  contaminated  with  material  from  infected  animals. 

Exercises  (632): 

1.  The  four  groups  of  deadly  diseases  transmitted  to 
people  by  ticks  are  (a)  .  spotted  and  Q  fever; 
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 '  tularemia;  (c)   ,  relapsing 

fever;  (d)   ,  and  Colorado  tick  fever. 


2.  Dermacentor  ticks  are  well  suited  as  vectors  of 

 .  because  their  tar\'ae  and  nymphs 

feed  on  rodents,  and  the  adults  attach  to  people. 


3.  Tularemia  oi  is  a  phguelike 

disease  transmincd  to  humans  from  rabbits  or  rodents. 


4.  Colorado  tick  fever  is  a    disease  of  short 

duratioxi  and  low  mortality. 


5.  Tick  bite  paralysis  is  probably  caused  by  a  neurotoxic 
substance  in  the  txk 


d33.  Identify  tick  characteristics  and  habits. 

General  Tick  Characteristics.  Ticks  have  three 
characteristics  which  distinguish  them  from  ;he  insects:  the 
head,  thorax,  and  abdomen  are  fused  into  one  body  region; 
they  have  no  antennae;  and  in  the  nymph  and  adult  stages 
they  have  four  pairs  of  legs  (larvae  have  three  pairs).  In  true 
msects,  on  the  other  hand,  the  body  is  divided  into  three 
regions  known  as  head,  thorax,  and  abdomen;  they  possess 
a  single  pair  of  antennae;  and  when  fully  grown  they  have 
three  pairs  of  legs. 

The  order  Acarina  (ticks  and  mites)  usually  differs  from 
other  arachnids  in  that  the  body  is  not  segmented;  the 
cephalothorax  and  abdomen  are  fused  to  form  one  body 
region. 

Ticks  belong  to  the  suborder  Ixodides  of  the  order 
Acarina.  They  can  be  distinguished  from  other  Acarina  by 
two  characteristics:  the  tarsus  of  the  first  leg  has  a 
conspicuous  sensory  pore  known  as  Haller's  organ,  and 
most  species  have  a  prominent,  toothed  hypostome  not 
found  in  mites  or  chiggers. 

There  are  two  main  groups  of  ticks:  the  hard  ticks  (family 
Ixodidae)  and  the  soft  ticks  (family  Argasidae).  The  hard 
tick  is  distinguished  by  a  dorsal  shield  or  scutum  (fig.  4-3) 
immediately  behind  the  capitulum  (false  head).  The  dorsal 
shield  is  small  in  the  female,  but  in  the  male  it  covers  the 
enUre  dorsal  surface.  The  soft  tick  has  no  dorsal  shield. 
Hard  ticks  also  are  tapered  anterioriy  while  most  soft  ticks 
are  blunt. 

In  the  United  States,  hard  ticks  are  much  more  abundant 
than  soft  ticks,  cause  greater  annoyance,  and  are  far  more 
important  in  the  transmission  of  disease  to  humans  and  their 
animals.  An  identification  key  to  some  common  tick 
species  is  shown  in  figure  4-4  for  your  use. 
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Habitats.  Hard  ticks  ordinarily  spend  much  of  their  life 
on  the  ground  or  on  vegetation  awaiting  hosts.  They  are 
most  abundant  in  shrubby  areas,  especially  along  paths,  and 
are  scarce  in  deep  woodland.  Boophilus  species  pass  most 
of  their  time  on  animals,  being  one-host  parasites. 
Generally,  hard  ticks  feed  upon  three  hosts;  frequently,  but 
not  always,  the  larvae  and  nymphs  feed  on  small  mammals 
or  birds  and  the  adults  feed  on  large  mammals. 
Dermacentor  albipictus,  a  one-host  hard  tick,  is  an 
exception.  The  soft  ticks  feed  upon  a  host  only  a  short  time 
and  may  be  called  plural-host  ticks. 

Climatic  factors.  Temperature  is  an  important  climatic 
factor  affecting  tick  development.  Unfed  hard  ticks  can 
endure  the  frigid  winter  weather  in  their  sheltered  retreats, 
but  engorged  ticks  and  eggs  are  less  resistant.  The  spring 
and  summer  heat  induces  greater  tick  activity.  Hard  ticks 
can  endure  long  submergence  in  water  and  are  not  injured 
by  humid  weather.  They  usually  die  quickly  in  a  dry 
situation,  whereas  soft  ticks  generally  exist  in  much  drier 
situations. 

Longevity.  Many  hard  ticks  require  a  year  or  two  to 
complete  their  life  cycle,  but  may  take  longer  under 
unfavorable  conditions.  Under  optimal  laboratory 
conditions,  the  normal  2-year  life  cycle  of  Dermacentor 
andersoni  and  Amblyomma  americanum  can  be  reduced  to 
2.5  to  3.5  months.  Some  ticks  are  long  lived.  Specimens  of 
Ornithodoros  turicata  have  been  kept  under  observation  for 
more  than  12  years.  Ornithodoros  tholozani,  an  Old  World 
species,  is  known  to  have  a  lifespan  of  20  to  25  years.  Ticks 
are  not  easily  starved  out  by  rotation  of  cattle  pasturage  and 
other  cultural  measures. 

Feeding.  Most  ticks  parasitize  a  wide  range  of  host 
animals.  Only  a  few  species  show  a  marked  preference  for 
feeding  upon  one  animal  species.  Ticks  feed  upon 
.nammals,  birds,  reptiles,  and  some  amphibians.  When 
feeding,  the  tick  inserts  the  barbed  hypostome  (fig.  4-5) 
into  an  incision  made  by  its  chelicerae.  Most  species  cause 
no  pain  to  the  host,  and  the  unsuspecting  human  host  may 
be  completely  surprised  when  he  finds  a  tick  attached  on  his 
body.  However,  some  tick  species,  such  as  the  lone  star 
tick,  cause  a  painful  bite.  Only  females  of  the  hard  ticks 
become  greatly  distended.  Ornithodoros  hermsi  become 
engorged  in  15  to  20  minutes  while  the  American  dog  tick 
and  most  other  hard  ticks  require  several  days. 

Transmission  of  pathogens.  Ticks  serve  both  as 
mechanical  and  biological  carriers  of  pathogenic 
organisms.  The  mouthparts  of  ticks  feeding  on  infected 
animals  may  become  contaminated  with  pathogens,  which 
are  inoculated  into  healthy  animals  when  the  tick  moves 
from  one  animal  to  another.  This  mechanical  type  of 
transmission  is  often  called  infection  through  interrupted 
feeding.  In  addition,  ticks  serve  as  reservoirs  of  viruses, 
rickettsiae,  bacteria,  and  protozoa,  with  transmission  of  the 
various  pathogens  from  infected  adults  through  the  egg  » 
the  following  larval,  nymphal,  and  adult  stages.  This 
method  is  often  termed  **transovariar'  or  **transstadiar' 
transmission  of  pathogens.  Epidemiologically,  this  last 
mechanism  is  of  great  importance  in  maintaining  the 
disease-causing  organisms  in  an  area  during  periods  of 
adverse  weather  conditions,  such  as  cold  winters  or  hot,  dry 
summers;  in  establishing  endemic  foci  of  such  diseases  as 


Colorado  tick  fever,  spotted  fever,  relapsing  fever, 
tularemia,  cattle  tick  fever,  and  anaplasniosis;  and  in 
maintaining  areas  with  virulent  strains  of  a  pathogen. 
Infected  ticks  may  require  several  hours  of  feeding  before 
sufficient  parasites  are  passed  into  a  susceptible  host  to 
cause  infection.  Therefore,  campers  and  people  who  work 
in  tick-infested  areas  should  check  themselves  periodically 
for  ticks  and  remove  any  they  find  as  soon  as  possible.  The 
feces  of  infected  ticks  often  contain  pathogenic  organisms. 
Some  authorities  consider  that  inhalation  of  dust, 
containing  the  minute  fragments  of  tick  feces  loaded  with  Q 
fever  organisms,  is  an  important  method  of  contracting  this 
disease. 

Mouthparts.  Ticks  don't  have  a  true  head,  but  have  a 
capitulum  (fig.  4-4)  that  consist  of  a  basal  portion,  the  basis 
capituli,  to  which  the  hypostome,  chelicerae,  and  palps  are 
attached.  The  hypostome  typically  bears  many  rows  or 
recurved  barbs  which  anchor  the  tick  to  the  skin  of  its  host. 
The  chelicerae  serve  as  cutting  organs  to  permit  insertion  of 
the  hypostome.  The  palps  have  four  segments  or  articles, 
with  the  fourth  segment  very  small  in  the  hard  ticks  and 
approximately  equal  to  the  other  segments  in  the  soft  ticks. 
The  palps  do  not  penetrate  the  skin  of  the  host.  In  the  hard 
ticks  the  mouthparts  project  from  the  anterior  end  of  the 
body,  while  in  the  soft  ticks  they  project  on  the  ventral  side, 
hidden  dorsally  by  the  body. 

Exercises  (633): 

Identify  the  following  as  being  true  (T)  or  false  (F).  Correct 
any  false  statements. 

  1,  Ticks  have  head,  thorax,  and  abdomen  fused  into 

one  body  region . 


2.  The  hard  ticks  have  no  dorsal  shield. 


3.  There  are  two  main  groups  of  ticks:  hard  and  soft. 
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Figure  4-3.  Hard  tick  diagram. 
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TICKS:  PICTORIAL  KEY  TO  SOME  COMMON  SPECIES 


I  

copitulum  vitibl*  from  obov*. 
acu*Mm  pr*»*nt,  family  ixodido*, 
HARD  TICKS 


copitulum 


f*mei  • 


mouthportt  thort,  about  oi  long 
oi  boil  1  copituli 


copitulum  not  vitibl*  from  obov*. 
tcutum  obi*nt.  fomily  Argoiido* 
SOFT  TICKS 


— '  vtntrol 

I  


^■T—  copitulum 


luturol  lin*  pr«i*nt 


Argos  persicus 
FOWL  TICK 


dorioi 


f  utur  ot  line  ob  i«nt 


Orntthadara  s 
«EL  APSINC  FEVER  TICK 


mouthpart*  much  long*rthan  bom  copituli 
-*lnt«  vpat  on  tip  of  icutum  of  f*mol* 


mouthportt  botit  copitulu 


 ^ — ^  _ 

p~7 

tcutum  with  whit*  morkingt,  botis 
copituli  with  poroll*t  tides 


O«rmoc«nror  vor»ob»/i»  Ond  0.  one/tfio/ii 
AMERICAN   DDC  TICK   AND  WQDP  TICK 


mouthpcrtt        botit  copitulum 


QC 


Amb/yo  mmo  omericonum 
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Figure  4-^.  Pictoral  key  to  common  tick  species. 
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7.  Many  hard  ticks  require  a  year  or  two  to  complete 
their  life  cycle. 


Only  the  male  of  the  hard  tick  becomes  distended 
when  engorged. 


Figure  4-5.  Tick  moulhparts  diagram. 


4.  Hard  ticks  ordinarily  spend  most  of  their  life  on  the 
ground  or  on  vegetation,  awaiting  hosts. 


.  9.  Transstadial  transmission  of  pathogens  is 
accomplished  by  transmitting  from  the  adult  to  the 
egg  and  through  the  larval,  nymphal,  and  adult 
stage . 


5.  Engorged  ticks  can  endure  frigid  weather  belter 

than  unfed  hard  ticks.    10.  One  method  of  contracting  diseases  is  by  the 

inhalation  of  dusts  containing  minute  fragments  of 
tick  feces. 


6.  Soft  ticks  geni  ally  exist  in  much  drier  situations 
than  hard  ticks. 


634.  Cite  details  regarding  the  developmental  stages  and 
processes  of  ticks. 

Ticks  have  four  stages  of  development:  egg,  larva, 
nymph,  and  adult  (fig.  4-6). 


MALE  FEMALE 

Figure  4-6.  Life  cycle  of  an  American  dog  tick. 
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EgR  Stage.  Mating  of  hard  ticks  usually  occurs  while  the 
ticks  are  on  the  host  animal.  Afterwards  the  female  drops  to 
the  ground  and  deposits  eggs  on  or  near  the  earth.  Several 
days  are  required  for  development  of  the  eggs.  The  female 
hard  tick  feeds  once  and  lays  one  large  batch  of  eggs 
sometimes  nun^bering  in  the  thousands,  and  dies  after 
oviposition.  Most  of  the  soft  tick:;  engorge  several  times 
and  deposit  20  to  50  eggs  in  a  batch  after  each  blood  meal. 
Eggs  hatch  m  2  weeks  to  several  months,  depending  up^jn 
temperature,  humidity,  and  other  environmental  factors. 

Larval  Stage.  The  larvae,  or  ••seed  ticks"  possess  only 
SIX  legs  and  are  not  distinguishable  as  to  sex.  Because  their 
chance  of  attaching  to  a  host  is  not  good,  sometime 
prolonged  fasts  are  obligatory. 

Despite  tolerance  to  starvation,  a  very  high  percentage  of 
larvae  fail  to  survive.  Some  climb  on  vegetation,  waiting 
for  a  small  rodent  to  pass  within  reach.  Others  actively  seek 
a  vertebrate  host,  being  guided  by  the  scent  of  the  animal. 
After  a  blood  meal,  the  engorged  larvae  usually  drop  to  the 
soil,  shed  their  skins,  and  emerge  as  eight-legged  nymphs. 
The  larvae  of  one-host  ticks  remain  on  the  host  to  molt. 

Nymphal  Stage.  The  nymph  has  eight  legs  like  the  adult 
but  has  no  genital  opening.  This  stage  also  must  undergo  a 
cntical  waiting  period  for  a  suitable  host.  After 
engorgement,  the  nymph  drops  from  the  host,  molts,  and 
becomes  an  adult.  Nymphs  may  rest  for  long  periods  of 
time  before  becoming  adults.  Although  the  life  cycle  of 
some  species  of  hard  ticks  ma>  completed  in  less  than  1 
year,  it  may  require  2  to  3  years,  or  longer.  Each  time  a  tick 
leaves  its  host  it  risks  its  survival  on  the  chance  that  it  wili 
find  another  host.  Some  species  have  the  advantage  of 
molting  on  the  host.  For  example,  the  cattle  tick  is  a  one- 
host  tick.  Multiple-host  ticks  are  able  to  live  because  of 
their  very  great  reproductive  capacity  ard  their  ability  to 
survive  for  long  periods  without  food. 

The  hard  ticks  have  only  one  nymphal  instar,  the  nymph 
becoming  an  adult  after  molting.  Soft  ticks  may  have 
several  nymphal  instars. 

Adult  Stage.  Typically,  the  nymph  molts  after 
engorgement  and  becomes  an  adult.  Sex  then  is 
distinguishable  for  the  first  time  as  the  female  hard  tick 
differs  from  the  male  in  having  a  small  scutum.  The  sex  of 
soft  ticks  may  be  determined  by  the  shape  of  the  genital 
opening  located  between  the  second  pair  of  legs.  In  male 
soft  ticks  the  genital  opening  is  almost  circular,  while  it  is 
oval,  definitely  broader  than  long,  in  female  specimens. 
Unlike  mosquitoes,  both  male  and  female  hard  ticks  are 
bloodsuckers  and  both  require  several  days  feeding  before 
copulation.  After  the  male  hard  tick  becomes  engorged,  he 
usually  copulates  with  one  or  more  females  and  then  dies. 
Following  copulation,  the  female  tick  drops  to  the  ground. 
The  eggs  require  several  days  to  develop.  Then  she  begins 
oviposition.  After  a  few  more  days,  her  life's  mission 
accomplished,  the  spent  female  hard  tick  also  dies.  The 
female  soft  tick  may  lay  several  small  batches  of  eggs  but 
she  requires  a  blood  meal  before  each  episode  of 
oviposition. 

Exercises  (654): 
1 .  What  are  the  four  developmental  stages  of  ticks? 


2.  Where  do  female  hard  ticks  deposit  their  eggs  to 
develop? 


3.   What  two  factors  help  multiple-host  ticks  live  for  a 
long  time? 


4.  How  do  egg-laying  habits  differ  between  female  hard 
and  soft  ticks? 


635.  Associate  listed  characteristics  of  ticks  with  the  tick 
species  desc  ibed. 

Hard  Ticks.  The  scutum  of  the  hard  ticks  is  one  of  the 
chief  characters  that  differentiates  them  from  the  soft  ticks, 
which  have  none  (fig.  4-3).  In  addition,  this  feature 
provides  a  means  of  immediately  differentiating  between 
male  and  female  hard  ticks.  In  the  male  the  scutum  is  large 
completely  covering  the  dorsal  surface,  while  in  the  female 
It  covers  only  a  part  of  the  dorsal  surface  and  is  almost 
obscured  when  she  becomes  engorged.  The  capitulum  of 
hard  ticks  extends  forward  from  the  anterior  end  of  the 
body,  bearing  some  resemblence  to  a  true  head,  while  in 
soft  ticks  it  is  found  on  the  under  side  and  is  not  usually 
visible  from  a  dorsal  view.  The  spiracles  lie  behind  the 
fourth  pair  of  coxae,  or  basal  segments  of  the  leg. 

Hard  ticks  typically  take  one  blood  meal  in  each  of  the 
three  developmental  stages— the  larval,  the  nymphal,  and 
the  adult  stages.  Both  sexes  are  blood  feeders,  but  only  the 
female  becomes  greatly  distended  during  engorgement. 
Most  species  feed  on  a  different  host  during  each  stage,  but 
there  are  some  one-host  and  two-host  species. 

Lone  star  ticks.  The  lone  star  tick,  Amblyomma 
amencanum,  is  a  vector  of  spotted  fever,  tularemia,  and 
possible  Q  fever.  Female  specimens  are  easily  recognized 
by  the  conspicuous  silvery-white  spot  at  the  tip  of  the 
scutum  (fig.  4-4),  hence  the  name  "speck-back"  in  Ozark 
Mountain  region  and  the  common  name  '*lone  star  tick"  for 
the  Lone  Star  State  of  Texas.  The  pale  markings  are  diffuse 
on  the  male  specimens.  In  the  southern  states  east  of  Texas 
this  species  will  bite  man  readily  in  the  larval,  nymphal 
and  adult  stages.  Its  bite  is  quite  painful  and  may  itch  for  a 
long  time.  Common  hosts  are  livestock,  dogs,  deer,  birds 
and  man . 

Gulf  Coast  ticks.  The  Gulf  Coast  tick,  Amblyomma 
maculatum,  is  found  particularly  along  the  Gulf  Coast  and 
South  AUantic  coasdine.  It  has  spurs  on  the  second,  third 
and  fourth  pairs  of  legs  and  more  diffuse  pale  markings  on 
the  female  thai,  does  the  lone  star  tick.  When  it  is  present  in 
an  area,  the  ears  of  cattle  will  often  be  found  infested 
Screwworm  Hies  are  often  attracted  by  the  smell  of  fresh 
blood  in  these  wounds  and  lay  eggs  in  them.  Later 
screwworm  larvae  may  feed  voraciously,  cause  festering 
sores,  and  even  kill  cattle.  Common  hosts  include 
livestock,  deer,  dogs,  and  man. 
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American  dog  ticks.  The  American  dog  tick, 
Dermacentor  variabilis  (fig.  4-4),  is  widely  distributed  east 
of  the  Rocky  Mountains  and  also  occurs  on  the  Pacific 
Coast,  and  in  parts  of  northern  Idaho  and  eastern 
Washington.  This  tick  will  be  discussed  in  detail  as  a 
representative  of  the  hard  ticks. 

The  adult  males  and  females  are  frequently  encountered 
by  sportsmen  and  people  who  work  out-of-doors.  The  males 
and  females  have  pale  whitish  or  yellowish  markings  on  the 
scutum.  Males  may  be  only  1/8  inch  long,  whole  engorged 
females  may  be  as  much  as  V2  inch  in  length. 

The  dog'  is  the  preferred  host  of  adult  D.  variabilis, 
although  it  feeds  readily  on  many  large  mammals  and  man. 
The  adult  ticks  arc  commonly  found  in  the  spring  in  their 
''waiting  position"  on  grass  and  other  low  vegetation.  The 
third  pair  of  legs  is  used  to  cling  to  the  grass  while  the 
others  are  waved  about  ready  to  grasp  any  host  that  comes 
by.  The  male  remains  on  the  host  for  an  indefinite  time, 
alternately  feeding  and  mating.  The  female  feeds,  mates, 
becomes  engorged,  and  drops  off  to  lay  several  thousand 

eggs.  ^  . 

Larval  activity  begins  in  March  or  Apnl  in 
Massachusetts,  ceasing  in  September  or  October.  Larvae 
seek  the  host  actively,  and  do  not  assume  the  waiting 
position  typical  of  the  adults.  They  ^xe  not  captured  by 
means  of  drags.  Meadow  mice,  wb^'^-footed  mice,  and 
pine  mice  are  important  hosts  of  larvae. 

Rocky  Mountain  wood  tkks.  The  Rocky  Mountain  wood 
tick,  Dermacentor  andersoni  (fig.  4-4),  is  found  in  the 
Rocky  Mountain  States  and  in  southwestern  Canada.  The 
life  cycle  of  this  three-host  tick  requires  2  to  3  years  for 
completion.  The  larvae  and  nymphs  attack  small  mammals 
and  tlie  adults  obtain  their  blood  meals  from  large  mammals 
including  man.  The  range  of  this  tick  coincides  with  the 
area  in  which  cases  of  Colorado  tick  fever  are  contracted.  It 
is  rather  similar  to  the  American  dog  tick  discussed 
previously,  but  adults  of  the  wood  tick  in  general  have  more 
pale  coloring,  and  larger  goblets  on  the  spiracular  plates, 
than  does  the  American  dog  tick. 

Soft  ticks.  The  sexes  are  similar  in  appearance  in  soft 
ticks,  there  being  no  dorsal  plate  (scutum)  to  distinguish  the 
sexes  as  in  hard  ticks.  The  capitulum  (which  bears  the 
mouthparts)  is  located  beneath  the  anterior  margin  of  the 
body.  The  spiracles  or  respiratory  openings  lie  on  the  sides 
of  the  body  above  the  third  and  fourth  pairs  of  legs. 
Although  some  species  of  soft  ticks  feed  upon  humans,  they 
are  more  common  on  birds,  and  occasionally  are  found  on 
bats  and  other  small  mammals.  The  sexes  can  be 
distinguished  by  the  shape  of  the  genital  opening,  which  in 
males  is  circular  or  crescent-shaped,  and  in  females  is  a 
transverse  slit  wider  than  it  is  long. 

Soft  ticks  are  typically  intermittent  feeders  and  can 
survive  long  periods  without  food.  Some  species  resemble 
bed  bugs  in  their  habits  of  feeding  at  night  and  hiding  in 
cracks  and  crevices  during  the  day. 

Relapsing  fever  ticks.  The  relapsing  fever  ticks, 
Ornithodoros  species,  are  seldom  seen  by  the  average 
person  since  they  are  primarily  "nest  ticks"  that  can 
survive  starvation  for  months  or  even  years.  Humans  are 
occasionally  bitten  by  these  hungry  ticks  and  contract  cases 
of  relapsing  fever  in  mountain  cabins,  caves,  or  near  wild 


animal  burrows.  For  example,  O.  hermsi  is  found  at  high 
elevations  in  the  West,  particularly  Idaho,  Oregon, 
Washington,  California,  Nevada,  and  Colorado,  where  its 
parasitizes  small  mammals,  such  as  the  wertem  chipmunk 
or  tree  squirrels.  Occasionally,  people  sleeping  in 
mountain  cabins  come  in  contact  with  infected  ticks  and 
contract  relapsing  fever.  O.  parkeri  is  a  large  species, 
which  attacks  human  and  rodents,  and  is  found  in  nine 
western  states.  It  is  an  efficient  vector  of  relapsing  fever  and 
can  transmit  Rocky  Mountain  spotted  fever.  O.  turicata, 
also  a  large  tick,  is  found  in  the  southern  and  western 
United  States.  It  is  found  in  caves,  holes  made  by 
burrowing  animals,  and  at  camp  sites.  Its  host  include 
rodents,  snakes,  terrapins,  and  various  domestic  animals,  as 
well  as  people.  Even  after  long  starvation  it  too,  is  an 
efficient  vector  of  relapsing  fever.  Both  O.  turicata  and  O. 
parkeri  transmit  the  spirochete  of  this  disease  to  their 
offspring,  the  latter  species  as  far  as  the  fourth  generation. 
6).  talaje  occurs  in  southern  United  States. 


Exercises  (635): 

Match  the  characteristics  in  column  \  with  the  species 
in  column  B.  Column  B  ite^ris  are  used  more  than 
once. 


Column  A 

 (1)    These    adult  ticks 

commonly  wait  (for 
a  suitable  host)  on 
grass  and  low 
vegetation. 

  (2)    Females     of  this 

species     have  a 
conspicuous 
silvery-white  spot  at 
the     tip     of  the 
scutum. 

  (3)    This  tick  has  spurs 

on  the  second,  3id, 
and  4th  pairs  of  legs 
and  pale  markings 
which  are  more 
difiise  than  on  the 
femde  lone  star 
tick. 

  ( i)    These  ticks  have  a 

roughned,  warty 
ap[)earance,  and  a 
hypostome  with 
well-developed 
teeth. 

  (5)    In  all  but  the  egg 

stage,  this  species 
will  readily  bite 
people,  as  well  as 
livestock,  dogs, 
deer,  and  birds. 
ri08u*  1  Male  anu 
female  adults  have 
pale  whitish  or 
yellowish  markings 
on  the  scutum. 

  (6)    This  is  a  three-host 

tick  with  a  life  cycle 
requiring  2  to  3 
years  to  complete. 


Column  B 

a.  Lxme  star  ti  ^ 

b.  Gulf  Co'  tick, 

c.  American  dog  tick. 

d.  Rocky  Mountain  wood  tick. 

e.  Relapsing  fever  tick. 
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Column  A 

  (7)    These  are  primarily 

"nest  ticks**  and 
can  survive 
starvation  for 
months  or  even 
years. 

  (?'    Screw   worm  flies 

are  often  attracted  to 
wounds  in  cattle 
caused  by  these 
ticks 

  (9)    This  ts  similar  in 

appearance  to  the 
American  d  'g  tick, 
but  has  more  pale 
coloring  and  larger 
goblets  on  the 
spiracular  plates. 


636.  Specify  methcxls  and  principles  involved  in 
surveying  for  and  controlling  ticks,  and  determine 
necessary  actions  to  control  a  given  tick  control 
situation. 

Tick  Survey  Methods.  From  tick  surveys,  you  can 
determine  the  species  piesent,  the  degree  of  tick  infestation, 
whether  control  is  needed,  and  the  results  obtained  from 
your  control  efforts . 

To  determine  the  infested  host  and  the  degree  of 
infestation,  you  can  pick  the  ticks  from  the  host  animals  for 
analysis.  To  determine  the  infestation  of  vegetated  areas, 
use  the  tick  drag  method.  To  conduct  this  survey  with  the 
tick  drag,  slowly  drag  it  over  low  vegetation  beside  roads 
and  paths.  After  dragging  a  specified  distance,  say  50  feet, 
pick  the  ticks  from  the  cloth  and  put  them  into  vials 
containing  70  to  80  percent  alcohol.  From  this  collection, 
you  can  adequately  determine  the  species  and  calculate  the 
approximate  degree  of  infestation. 

You  can  get  some  degree  of  protection  against  ticks  by 
keeping  your  clothing  buUoned,  your  trouser  legs  tucked 
into  the  tops  of  your  socks,  and  your  shirttail  into  your 
trousers.  Avoid  siuing  on  the  ground  or  on  logs  in  brush 
areas,  and  at  intervals  inspect  your  clothing  and  body  for 
ticks.  If  you  find  and  remove  them  before  they  become 
attached  to  your  body  you  will  protect  yourself  from 
exposure  to  tick  paralysis  and  tickbome  disease.  Clearing 
and  burning  brush  along  paths  will  reduce  the  likelihood  of 
tick  infestation  In  residential  areas,  closely  cut  lawns  and 
well-kept  yards  '.lelp  control  ticks  and  their  small  rodent 
hosts. 

If  ticks  become  attached,  remove  them  with  a  steady  pull 
towards  the  head  so  that  you  don't  break  off  their 
mouthparts  and  leave  them  in  the  wound.  There  is  no 
certain  way  to  make  ticks  detach  their  mouthparts,  but  a 
drop  of  cWorofonn,  carbon  tetrachloride,  ether,  benzene, 
vaseline,  or  fingernail  polish  helps  remove  them.  Always 
apply  aii  antiseptic  to  tick  bites.  If  your  hands  touch  the 
tick,  thoroughly  wash  them  with  soap  and  water. 

Tick  Repellents.  Many  repellents  have  been  tested 
against  ticks,  but  no  general  chemical  is  known.  The 
application  of  a  repellent  to  exposed  skin  provides  little 
protection  against  ticks  since  they  crawl  underneath 


clothing  and  attack  untreated  portions  of  the  body.  For  this 
reason,  treating  clothes  with  rep>ellents  is  suggested  instead 
of  treating  the  skin.  Indalone,  diethyltoluamide,  dimethly 
carbate,  dimethly  phthalate,  and  benzyl  benzoate  provide 
up  to  90  percent  protection.  Saturate  clothing  with  a 
solution  or  emulsion  of  the  repellent.  A  5-percent  solution 
or  emulsion  will  give  a  de[>osit  of  about  2  grams  a  square 
foot  on  denim,  ordinrry  cotton  khaki,  or  light  wool.  To  wet 
a  complete  uniform  including  socks,  shirt  and  trousers 
thoroughly,  about  3  pints  are  required.  After  yoii  have 
saturated  your  clothing,  hang  it  outdoors  to  dry.  Properly 
treated  clothing  will  provide  good  protection  against  ticks, 
chiggers,  and  mosquitoes  for  several  days.  You  shoulri 
wash  and  retreat  clothing  thoroughly  at  weekly  intervals  or 
before  infrequent  outdoor  excursions. 

Indoor  Tick  Controls.  Indoor  control  aims  primarily  at 
the  brown  dog  tick,  which  is  often  difficult  to  control 
because  of  its  many  [>ossible  hiding  places.  Since  tick  eggs 
may  hatch  over  a  period  of  5  months,  more  than  one 
insecticide  application  to  infested  areas  might  be  necessary 
to  completely  eliminate  the  problem.  Insecticides  available 
for  indoor  use  include:  propoxur,  Diazinon,  pyrethrins, 
carbary — as  a  spray  or  dust  chloipyrifos,  and  bendiocarb. 
Residual  sprays  and  dusts  should  be  applied  to  areas  of  the 
house  frequented  by  the  pet,  particularly  its  sleeping 
quarters,  around  baseboards,  window  and  doorframes,  wall 
cracks,  local  areas  of  floors,  floor  coverings,  and  similar 
places  where  the  ticks  might  conceal  themselves. 

If  wall-to-walS  carpeting  is  present,  treat  the  edges  as  best 
as  possible  without  lifting  the  carpet.  Furniture,  especially 
overstuffed  chairs,  may  need  treatment.  Remove  the 
cushions  and  treat  all  crevices  and  seams.  In  animal 
quarters,  remove  bedding  before  treatment.  It  may  be 
helpful  to  turn  up  the  heat  following  treatment,  because  the 
higher  temperature  stimulates  the  ticks  to  move  and  contact 
the  insecticide  treatment.  If  the  pet  requires  insecticidal 
treatment,  a  veterinarian  should  be  consulted;  he  or  she  may 
have  dipping  vats  for  treating  tick-infested  dogs.  You 
should  never  treat  an  infested  pet;  tliis  is  the  owner's 
responsibility. 

Outdoor  Controls.  Outdoor  control  aims  primarily  at 
the  American  dog  tick  and  other  wood  ticks  and  not  the 
brown  dog  tick  which  rarely  infests  outdoor  areas.  Since 
ticks  do  not  favor  direct  sunlight,  the  first  step  in  control  is 
to  keep  overgrown  and  heavy  vegetation  cleared  and  cut  in 
tick  infested  areas.  Vegetadon  maintenance,  such  •\s 
removal  and  cutting  is  very  effective  at  times  for  controlling 
ticks,  and  should  be  accomplished  before  establishing  field 
encampments. 

Chemical  control  comes  from  applying  residual 
insecticides,  such  as  diazinon,  chlorpyrifos,  malaUiion,  or 
dichlorvos,  as  liquids  or  granular  treatments  on  grass  and 
under  shrubbery  and  trees,  especially  near  houses. 

Ticks  will  congregate  in  many  parks  and  recreational 
areas  where  chemical  application  may  be  restricted  to  a  few 
feet  along  roads,  walks,  and  trails.  Special  effort  should  be 
made  to  treat  areas  where  dogs  frequent.  Dichlorvos, 
carbaryl,  malathion,  and  pyrethrins  can  be  used  to  treat 
outside  pet  runways,  window  sills,  and  ledges  of  kennels, 
crawl  spaces,  dog  houses,  and  other  areas  accessible  to 
pets.  Be  careftil  not  to  contaminate  food  or  water. 
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Control  by  Host  RemovaL  In  cases  where  buildings  are 
severly  infested  with  brown  dog  ticks  which  show 
resistance  to  insecticides,  remove  the  pet  and  thoroughly 
treat  the  building  with  an  approved  insecticide.  Have  the 
pet  dipped,  dusted,  or  sprayed  with  a  recommended 
insecticide.  Other  hosts  of  different  tick  species  are  field 
rodents.  You  can  control  these  pest  hosts  by  poisoned  bait 
(warfarin,  pival,  zinc  phosphide,  rnrychnine,  etc.), 
trapping,  or  rodentproofing  with  masonry,  sheet  metal,  etc. 

Exercises  (636): 

1.  What  method  is  most  ^ften  used  to  survey  for  ticks  in 
outdoor  areas? 


9.  What  actions  would  you  advise  the  woman  to  tnke 
regarding  the  dogs? 


10.  What  initial  chemical  corrective  action  should  you 

take? 


1 1 .  What  advice  should  you  give  the  woman  regar^aig  the 
yard? 


2.  In  wooded  areas,  what  mechanical  controls  can  be 
applied  to  reduce  the  likelihood  of  tick  infestations? 


3.  If  ticks  become  attached  to  a  person  or  animal,  how 
should  they  be  removed? 


4.  What  action  should  you  take  if  a  person's  pet  requires 
insecticidal  treatment  to  control  ticks? 


5.  What  tyx>cs  of  pesticidal  formulations  should  you  use 
for  indoor  tick  treatments? 


6.  What  areas  should  you  give  the  most  attention  when 
controlling  ticks  in  a  home? 


7.  What  is  the  first  step  to  be  taken  to  control  American 
dog  ticks  in  outdoor  areas? 

Questions  8  through  11  are  based  on  the  following 
situation:  A  base  housing  resident  calls  saying  she  has 
t^ck:;  in  her  backyard.  When  you  arrive,  you  see  that 
ihe  has  two  large  dogs  which  are  kept  in  a  fenced, 
shady  area  with  grass  that*s  about  6  to  8  inches  tall. 
She  wants  you  to  spray  the  yard  and  dogs  '*with  the 
strongest  stuff  you've  got." 


8.  Based  on  this  situation,  what  type  of  ticks  would  you 
expect  to  find? 


4-3.  Mites 

Most  species  of  mites  are  so  small  that  they  are  barely 
visible  to  the  naked  eye.  Their  life  cycles  are  often  short,  2 
to  3  weeks;  thus,  mites  increase  their  numbers  very  rapidly 
under  favorable  conditions. 

637.  Identify  statements  regarding  diseases  mites 
transmit  as  being  true  or  false  and  correct  any  false 
statements. 

Mites  as  Medical  Pests.  Mites  are  important  to  humans 
because  they  cause  or  are  involved  in: 

(1)  Scabies  or  mangelike  conditions,  produced  primarily 
by  mange,  itch,  and  follicle  mites. 

(2)  Dermatitis,  produced  primarily  by  direct  attack  of 
chiggers,  bird  and  rat  mites,  straw-itch  mites,  and  cheese 
and  flour  mites. 

(3)  Infestation  of  the  lungs,  intestine,  or  urinary  passages 
(by  lung  mite^J  or  certain  cheese  and  flour  mite). 

(4)  Tapeworm  infestations  of  domestic  animals  and  man 
(beetle  mites  serve  as  intermediate  hosts  for  certain 
tapeworms). 

(5)  Allergic  reactions  to  mites  (entire  or  fragments 
thereoO  and  their  excreta  may  pr-xluce  conditions  similar  to 
asthma  in  some  people. 

(6)  Transmission  of  organisms  that  cause  diseases, 
primarily  those  organisms  that  cause  four  groups  of 
diseases: 

•  Viral — as  encephalitis  (transmitted  by  certain  bird 
mites). 

•  Rickettsial — as  rickettsialpox  (transmitted  by  the 
house  mouse  mite),  scrub  typhus  (transmitted  by  the 
house  mouse  mite). 

•  Bacterial — as  tularemia  (transmitted  by  the  tropical 
rat  mite  in  the  laboratory)  and  epidemic  hemorrhagic 
septicimia  (transmitted  by  the  snake  mite). 

•  Filarial — as  in  the  cotton  rat  (transmitted  by  the 
tropical  rat  mite) 

Scabies  iutd  related  mangalike  conditions.  Scabies  is  the 
most  important  disease  caused  by  mites.  It  occurs 
throughout  the  world  and  is  caused  by  the  scabies  mite,  itch 
mite,  and  mange  mite.  Sometimes  the  mites  cause  only  a 
mild  rash,  but  often  they  cause  serious  skin  irritations  that 
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lead  to  secondary  infections  that  produce  cither  conditions 
similar  to  impetigo,  or  severe  allergic  reactions  that  prevent 
persons  from  sleeping  at  night.  The  scabies  mites  burrow 
under  the  skin,  leaving  open  sores  or  linear  burrows 
containing  the  mites  and  their  eggs.  The  first  symptom  of 
scabies  is  itching,  especially  at  night  and  frequently  over 
much  of  the  body.  The  signs  of  scabies  are  often  obscured 
by  scratching,  secondary  infections,  or  impetigo. 

Itch  mites  found  on  domestic  animals  are  almost 
indistinguishable  from  human  scabies  mites.  Cases  of 
mange  in  humans  which  probably  originated  from  animal 
infestations  are  usually  of  short  duration.  Mange  mites  fix)m 
animals  can  live  on  humans,  but  are  not  able  to  reproduce 
and  establish  infestations. 

Scrub  typhus  and  hemorrhagic  fgvsr.  From  the 
viewpoint  of  disease  transmission,  chiggers  arc  probably 
the  most  important  group  of  mites,  because  they  transmit 
the  rickettsiae  that  cause  scrub  typhus  (also  known  as 
tsutsugamushi  disease,  Japanese  river  bottom  fever,  and 
Mossman  fever).  This  disease  is  not  found  in  the  United 
States.  However,  it  has  been  a  disease  of  importance  to 
American  military  personnel  that  have  been  stationed  in  the 
Orient  since  1941 .  Scmb  typhus  occurs  from  India,  through 
Southeast  Asia,  to  Japan  and  Korea.  Scrub  typhus  is 
transmitted  by  several  species  of  chiggers. 

Chiggers  are  also  suspected  of  transmitting  epidemic 
hemoirhagic  fever.  This  is  a  disease,  probably  caused  by  a 
virus  that  American  troops  encountered  in  Korea.  It  causes 
fever  and  kidney  damage  and  is  fatal  in  about  5  percent  of 
the  cases. 

Rickettsialpox.  In  1946  an  outbreak  of  ''atypical 
chickenpox''  in  some  New  York  City  adults  led  to  the 
discovery  of  a  previously  unicnown  rickettsial  disease, 
which  was  named  rickettsialpox  and  transmitted  to  humans 
by  the  house  mouse  mite  from  house  mice,  which  were  the 
reservoir  for  the  disease.  Rickettsailpox  has  also  been 
reported  from  Boston,  Massachusetts;  Philadelphia, 
Peimsylvania;  and  Cleveland,  Ohio. 

The  tropical  rat  mite,  {Omithonyssus  bacoti)^  which  is 
far  more  abundant  than  the  house  mouse  mite,  has  been 
shown  capable  of  transmitting  rickettsailpox  in  the 
laboratory. 

Encephalitis.  Encephalitis  virus  has  been  found  in  the 
chicken  mite  (Dermanyssus  syiviamum)  and  the  tropical 
fowl  mite  (Omithonyssus  bursa).  The  role  of  these  mites  in 
vectoring  this  disease  to  humans  has  not  been  confirmed  but 
it  is  believed  that  it  is  minor  if  it  exists  at  all . 

Dermatitis.  Skin  inflanmiations  (dermatitis)  are  caused 
by  several  types  of  mites,  primarily  chiggers,  rodent  and 
bird  mites,  straw-itch  mites,  and  grain  or  cheese  mites. 
Probably  no  creatures  on  Earth  can  cause  more  torment  for 
their  size  than  chiggers  (rcdbugs).  They  arc  found 
throughout  the  Tropics  and  subtiopics.  Although  they  are  a 
little  less  common  in  the  Northeastern  United  States,  they 
are  quite  conmion  in  the  southern  half,  in  the  Mississippi 
Valley,  and  the  Central  Valley  of  California.  They  are  most 
abundant  in  wooded  areas,  swamps,  along  roadsides,  and 
particularly  where  food  and  shelter  for  wild  rxxlents  and 
birds  are  found,  as  in  patches  of  raspberry  and  blackberry 
bushes.  The  chiggers  attach  most  often  in  areas  where  the 
clothing  fits  tightly,  as  at  the  top  of  the  stockings,  the  waist 
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area  where  belts  or  underwear  constrict,  and  in  the  armpit 
area. 

Chiggers  do  not  suck  blood.  The  reddish  color  that  is 
characteristic  of  some  species — hence  the  name  redbug — is 
due  to  pigments  in  the  mite's  tissue,  not  to  blood.  Chiggers 
inject  saliva  into  the  host's  skin.  The  reaction  of  the  saliva 
and  host's  flesh  forms  a  feeding  tube  (stylostome).  This 
feeding  tube  is  filled  with  lymph  and  partially  digested 
tissue  that  the  mite  sucks  up  as  food.  In  some  specimens  the 
stylostome  is  twice  the  length  of  the  engorged  chigger. 
Severe  cases  of  chigger  dermatitis  can  itch  for  a  week  or 
longer  and  be  as  irritating  as  acute  cases  of  poison  ivy  or 
poison  sumac. 

Bird  mites  also  cause  irritation  and  annoyance.  Chicken 
mites  often  feed  on  people  who  work  either  in  chicken 
houses  or  in  live  poultry  markets.  Chicken  and  bird  mites 
may  swarm  from  pigeon,  starling,  and  English  sparrow 
nests  in  the  eaves  or  attics  along  the  outside  of  buildings  and 
crawl  through  doors  or  windows,  or  through  openings  into 
the  upper  portion  of  buildings,  and  bite  people. 

Tropical  rat  mites  (Omithonyssus  bacoti)  also  bite 
humans.  Very  often,  though  not  always,  persons  are  bitten 
when  the  usual  host,  the  rat,  is  not  available  to  the  mites. 
Frequently  such  attacks  are  associated  with  death  of  the  rat 
as  the  result  of  trapping,  poisoning,  or  disease;  the 
destruction  of  rat  harborage;  or  keeping  rats  out  of  premises 
by  rat  stoppage. 

The  straw-itch  mite  (Pyemotes  ventricosus)  is  normally  a 
parasite  of  the  larvae  of  a  number  of  borers.  Outbreaks  of 
straw-itch  mite  dem^atitis  are  usually  associated  with 
infested  straw  and  are  most  common  in  the  Midwestern 
United  States.  Two  of  the  largest  of  these  outbreaks 
occurred  at  the  State  fairs  in  Indianapolis,  Indiana,  among 
farmers,  visitors,  and  attendants,  particularly  4-H  students 
who  had  show  animals  bedded  on  infested  straw.  The  grain 
and  cheese  mites  are  frequently  found  in  tremendous 
nunibers  in  flour,  grain,  dried  fruits,  and  cheese, 
particularly  when  humidity  and  temperatures  arc  high. 
Some  of  these  mites  cause  dermititis  among  persons  who 
handle  the  infested  foods. 

Allergic  reactions.  In  rccent  years,  rcsearch  workers 
studyirig  the  relationship  between  asthma  and  house  dust 
have  discovered  several  species  of  house  dust  mites  (genus 
Dermatophagoides)  in  dust  ftom  houses.  The  two  most 
important  species  in  the  United  States  seem  to  be 
DDermatophagoides  farinae  and  pteronyssinus .  They  arc 
abundant  in  dust  from  mattrcsses  and  bedroom  floors,  but 
are  also  found  in  smaller  numbers  in  other  parts  of  houses. 

Annoyance.  Many  species  of  mites  invade  houses  and 
are  annoyirig  simply  by  being  there;  they  do  not  bite  man  or 
transmit  diseases.  The  clover  mites  (Bryobia  praetiosa) 
frequently  infest  houses  in  great  numbers  and  annoy 
householders,  particularly  in  the  northern  half  of  the  United 
States.  They  do  not  bite  man,  transmit  disease,  or  damage 
foodstuffs,  but  their  presence  is  disturbing.  They  often 
swarm  by  the  thousands  over  outer  walls  of  buildings, 
particularly  those  with  a  sunny  exposure,  and  make  their 
way  indoors  through  cracks  and  crevices  about  doors, 
windows,  foundations,  and  elsewhere.  They  swarm  into 
houses  in  the  fall,  seeking,  as  do  box  elder  bugs  or  cluster 
flies,  a  place  to  hibernate.  The  following  spring,  they 
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become  active  again,  seeking  a  way  out  of  the  house  and 
back  to  the  growing  plants  on  which  they  feed.  Most  clover 
mite  complaints  come  from  new  residential  areas  with 
well-fertilized  lawns  or  shrubbery  next  to  buildings,  where 
the  mites  have  opportunity  to  build  up  large  populations. 
They  migrate  into  homes  as  cold  weather  approaches. 
Usually  householders  report  myriads  of  **tiny  bugs" 
literally  coating  the  walls  as  they  attempt  to  swarm  into  or 
out  of  a  home.  When  crushed  in  linens,  curtains,  walls,  or 
woodwork,  they  produce  a  reddish  stain. 

Exercises  (637): 

Identify  these  statements  as  being  true  (T)  or  false  (F). 
Correct  any  false  statements. 

  1.  Scabies  is  the  most  important  disease  caused  by 

mites. 


2.  The  first  symptom  of  scabies  is  a  high  fever. 


3.  Although  not  found  in  the  U.S.,  scrub  typhus  is  of 
importance  to  American  troops  in  the  Orient. 


4.  Because  of  the  diseases  they  transmit,  chiggers  are 
probably  the  most  important  species  of  mites. 


5.  Rickettsialpox  is  transmitted  to  people  by  the 
tropical  foul  mite. 


638,  Specify  the  appropriate  term  for  phrases  regarding 
mites  and  their  suborders. 

Mites  differ  so  greatly  from  one  species  to  another  that  a 
short,  general  description  cannot  apply  to  all  species. 
Therefore,  our  first  descriptions  are  based  on  various 
suborders  of  mites. 

General  Classification  and  Description.  Mites  are 
members  of  the  class  Arachnida  and  the  order  Acarina.  A 
typical  female  mite  is  usually  less  than  0..5  mm  long  witii  a 
sac-like  body  that  is  often  membranous  or  membranous 
with  hard  plates.  There  is  no  well-defined  segmentation  of 
the  body.  The  head  region,  known  as  the  capitulum  or 
gnathosome,  has  cutting  structures  known  as  chelicerae 
which  bear  two  scissoriike  blades,  called  chelae,  that  are 
used  for  biting.  Mites  undergo  four  stages  of 
development — egg,  larva,  nymph,  and  adult.  Six-legged 
larvae  hatch  from  the  eggs,  molt,  become  eight- legged 
nymphae,  and  develop  i  jto  adults. 


Description  of  Mite  Suborders.  There  are  three 
suborders  of  mites  tliat  will  be  described  in  this  text  and 
each  of  these  suborders  contain  several  important  mites. 

Suborder  Mesostigmata.  These  mites  have  a  single  paiv 
of  spiracles  lateral  to  the  legs — usually  associated  with  an 
elongated  peritreme  (if  there  is  no  pcritreme,  the  mite  is 
usually  a  highly  specialized  parasite  of  the  respiratory  tract 
of  vertebrates).  Haller's  organ  is  absent  (fig.  4-7);  the 
hypostome  is  neither  toothed  nor  developed  for  piercing. 
Representatives  include  such  species  as  the  house  mouse 
mite  {Liponyssoides  sanguineus),  chicken  mite 
(Dermanyssus  gallinae),  tropical  rat  mite  (Ornithonyssus 
bacoti),  tropical  fowl  mite  {Ornithonyssus  bursa),  and 
northern  fowl  mite  (Ornithonyssus  sylviarum). 

Suborder  Trombidiformes.  Mites  of  this  suborder  !:dvc  a 
pair  of  spiracles  on  or  near  the  head  region  (the 
gnathosome).  The  chelicerae  are  usually  modified  for 
piercing;  the  palpi  are  usually  free  and  highly  developed. 
Haller's  organ  is  absent.  The  coxas  seldom  form 
conspicuous  internal  projections  beneath  skin.  There  are  no 
anal  suckers. 

Representatives  include  chiggers  {Trombicula  and  allies 
in  the  family  Trombiculidae),  gall  mites  (family 
Eriophyiidae),  follicle  mites  {Demodex  spp.),  straw-itch 
mites  {Py emotes  ventricosus),  water  mites  (Nydracarina 
spp.),  spider  mites  (Tetranychus  spp.  and  allies),  clover 
mites  (Bryobia  praetiosa),  and  other  mites  (Myobia, 
Cheyletus,  Cheyletiella,  and  other  genera). 

Suborder  Sarcoptiformes.  These  mites  have  no 
spiracles;  a  few  have  a  system  of  tracheae  that  open  through 
stigmata  and  porose  areas  on  various  parts  of  the  body. 
There  is  no  Haller's  organ.  The  coxae  form  conspicuous 
internal  projections  beneath  the  skin  of  the  venter  of  the 
body.  The  mouthparts  are  usually  for  chewing;  they  have 
strong  chelae.  The  palpi  are  simple.  Anal  suckers  are  often 
present. 

Some  representatives  are  the  mange  and  itch  mites 
(Sarcoptes,  Noroedres,  Psoroptes  spp.),  house  dust  mites 
{Dermatophagoides  spp.),  cheese  mites  (Tyrophagus, 
Caloglphyus,  Glycyphagus  supp.),  feather  mites  (family 
Analgesidae),  and  hair  mites  (Listrophoridae,  Myocoptes  of 
mice). 


Figure  4-7.  Mite  diagram  depicting  HaUer^s  organ. 
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Figure  4-8,  Itch  mite. 

Exercises  (638): 

Give  the  appropriate  term  of  the  following  mites  and  their 
subordinates. 

1.  Mite  class, 

2.  Mite  order. 

3.  Head  region  of  mites. 

4.  Scissorlike  blades  used  for  biting. 


639.  Associate  a  given  list  of  mites  with  their 
appropriate  descriptive  statements. 

Itch  Mites.  The  itch  mite  (fig.  4-8)  is  a  very  tiny  mite. 
The  females  average  0.2  to  0.4  mm  in  length.  The  males 
are  somewhat  smaller.  Each  mite  is  oval  and  saclike;  the 
body  surface  is  finely  wrinkled.  The  mouthparts  contain 
paired  palps  and  chelicerae,  and  are  located  at  the  anterior 
end.  The  anus  is  located  at  the  posterior  end.  The  dorsal 
surface  has  a  number  of  conspicuous  blunt  spines  and  many 
backward-pointing  triangular  scales.  The  legs  are  short  and 
stocky,  the  two  anterior  pairs  being  well  separated  from  the 
two  Posterior  pairs. 

Ihe  female  burrows  beneath  the  outer  layer  of  skin  and 
iays  her  eggs  in  the  sinuous  tunnels  that  she  excavates.  The 
eggs  hatch  into  larvae  that  have  six  legs.  The  larvae  become 
nymphs  (with  eight  legs),  and  finally  the  nymphs  become 
adults.  The  adults  live  about  a  month.  Scabies  mites  occur 
most  commonly  in  tiny  papules,  particularly  in  the  webbing 
between  the  fingers  and  in  the  folds  of  the  skin  at  the  wrists. 
Positive  identification  is  made  by  excising  a  tiny  bit  of 
flesh,  treating  it  with  10  percent  sodium  hydroxode  or 
potassium  hydroxide  solution,  and  examining  the  tissue  on 
a  slide  with  a  microscope  that  has  a  magnification  of  100 
diameters  or  more.  The  short,  stubby  legs,  the  triangular 
scales,  and  the  peglike  spines  on  the  back  are  easily  seen  in 
good  preparations. 

Chiggers.  Chiggers  (fig.  4-9)  feed  on  people  and  other 
vertebrates  only  in  the  larval  stage.  They  have  the  following 
developmental  stages:  egg  deutovum,  larva, 
numphochrysalis,  nymph,  imagochrysalis,  and  aduh.  On 
humans  they  attach  in  those  areas  of  the  body  where 
clothing  fits  tightly,  as  at  the  ankles,  waistline,  and  armpits. 
As  a  rule,  the  larva  feeds  only  once,  sucking  lymph  and 
partially  digested  skin  tissue  (not  blood)  through  its 
stylostome.  The  nymphs  and  adults  feed  on  the  eggs  or 


5.  Four  stages  of  mite  development. 


6,  Representatives  of  tliis  suborder  include  the  house 
mouse  mite  and  chicken  mite. 


7.  Representatives  include  chiggers  and  water  mites. 


8.  Representatives  include  the  house  dust  mites,  cheese 
mites,  and  feather  mites. 


 fijailt 

Figure  4-9,  Chiggermite. 
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Figure  4-10,  House  mouse  mite. 


Figure  4-1 1 .  Tropical  rate  mite. 


young  of  various  arthropods,  such  as  mosquitoes  and 
springtails,  not  on  humans.  Under  optimum  conditions,  the 
life  cycle  can  be  completed  in  about  50  days.  In  most  of  the 
United  States,  there  are  one  to  three  generations  a  year, 
depending  on  latitude.  But  breeding  may  be  continuous  on 
the  gulf  coast  and  in  Florida.  Chiggers  feed  on  a  wide 
variety  of  snakes,  turtles,  birds,  and  small  mammals  as  well 
as  on  humans. 

House  Mouse  Mites.  These  mites  (fig.  4-10)  have  been 
found  from  Utah  and  Arizona  to  Boston  and  Washington. 
They  have  been  collected  by  the  thousands  in  apartment 
houses  where  house  mice  were  abundant.  A  few  have  been 
collected  on  rats.  The  females  can  be  distinguished  from 
most  other  bloodsucking  mites  by  the  presence  of  two 
dorsal  shields,  a  large  anterior  plate  and  a  small  posterior 
plate.  The  protonymphs,  deutonymphs,  and  adults  suck 
blood.  The  house  mouse  mite  is  a  proven  vector  of 
rickettsialpox  in  Massachusetts,  Connecticut,  New  York, 
Pennsylvania,  and  Ohio. 

Tropical  Rat  Mites.  The  tropical  rat  mite  (fig.  4-11)  is 
often  responsible  for  severe  "rat-mite  dermatitis"  all  over 
the  world.  Females  are  usually  recognized  by  their 
scissoriike  chelicerae,  the  narrow,  tapering  dorsal  ;and 
genito-ventral  plates  and  the  egg-shaped  anal  plate.  The 
protonymphs  and  females  suck  blood  and  are  often 
tremendously  distended  after  feeding.  This  characteristic  is 
so  pronounced  that  laboratory  workers  who  identify  rat 
ectoparasites  often  sort  the  swollen  tropical  rat  mite  from 
among  other  species  without  optical  aid,  and  then  confirm 
identification  with  a  microscope. 

Chicken  Mites.  This  mite  (fig.  4-12)  is  found  throughout 
most  of  the  world  on  domestic  fowl,  pigeons,  English 
sparrows,  starlings,  and  many  other  birds.  The  large  dorsal 
and  anal  plates,  short  sternal  plate,  and  needlelike 
chelicerae  are  important  characters  for  identifying  this 
species.  The  chicken  mite  is  one  of  the  most  common 
species  that  cause  human  dermatitis  in  houses,  on  chicken 
ranches,  and  in  markets  where  chickens  are  sold. 
Infestations  of  this  mite  are  often  first  noticed  as  the  mites 
crawl  about  on  chicken  eggs.  Chicken  mites  are  intermittent 


eaters.  To  feed,  they  crawl  onto  the  birds  at  night  or  when 
the  birds  are  in  their  nest.  In  the  daytime,  they  hide  in 
cracks  and  crevices  in  chicken  houses,  or  in  floors,  walls, 
and  ceilings  of  buildings  in  which  birds  nest. 

Northern  Fowl  Mites.  The  northern  fowl  mite  is  similar 
to  the  tropical  rat  mite,  but  it  has  a  much  shorter  sternal 
plate.  This  plate  has  only  four  setae;  the  setae  on  the  dorsal 
plate  are  quite  short.  This  species  is  common  on  domestic 
fowl,  pigeons,  sparrow,  and  starlings.  It  readily  bites 
people . 

Northern  fowl  mites  overwinter  in  bird  nests  (as  those  of 
bam  swallows  and  pheobes)  and  in  cracks  in  buildings. 
There  are  several  generations  each  year;  the  buildup  in 
populations  is  very  rapid.  In  poultry  houses,  these  mites 
prefer  to  stay  on  birds  most  of  the  time,  but  they  have  been 
found  on  eggs  and  in  litter.  On  birds,  they  are  often 
abundant  about  the  vent,  tail,  and  neck;  there  they  suck 
blood  and  may  form  scabs. 
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Figure  4-12.  Chicken  mite. 
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straw-itch  mites.  This  mite  (fig.  4-13)  is  normally  a 
parasite  of  insects  that  bore  into  grain  or  wood.  It 
sometimes,  however,  severly  bites  humans.  Unfed  females 
of  the  species  are  very  small,  but  after  mating,  the  female 
becomes  greatly  enlarged.  They  are  then  easilv  visible  to 
the  naked  eye,  resembling  a  tiny  pearl  because  of  the 
swelling  of  the  body  behind  the  last  pair  of  legs.  The  first 
and  second  pairs  of  legs  are  widely  separated  from  the  third 
and  fourth  pairs.  The  club-shaped  hair  between  the  base  of 
the  first  and  second  pairs  of  legs  is  an  important 
characteristic  in  the  identification  of  this  mite.  A  single 
female  may  produce  200  to  300  eggs,  which  are  retained 
withm  the  body  until  the  offspring  have  passed  through  all 
stages  of  development.  The  young,  males  and  females,  are 
produced  vivaparously  and  are  sexually  mature  at  birth. 
Mating  takes  place  soon  after. 

Grain  and  Flour  Mites.  The  grain  and  flour  mites 
(families  Acaridae  and  Tyroglyphidae)  are  tiny,  and  pale 
gray  or  yellowish  white.  They  have  conspicuous,  long 
hairs.  The  anterior  two  pairs  of  legs  are  widely  separated 
from  the  third  and  fourth  pair  of  legs.  These  mites  feed  on  a 
wide  variety  of  organic  material  and  are  sometimes  very 
abundant  in  leaf  mold,  flour,  hair  mattresses,  and  similar 
substances.  They  cause  grocers'  itch  and  copra  itch. 


Exercises  (639): 


1. 


Match  the  name  of  the  mites  in  column  B  with  their 
correct  description  in  column  A.  Column  B  items  mav 
be  used  only  once. 


Column  A 

-  (I)  The  large  dorsaJ  and 

anal  plate,  short  ster- 
nal plate,  and  needle- 
like chelicerae  are 
imp>ortant  characters 
for  identifying  this 
specie. 

-  (2)  This  is  a  very  liny 

mite.  The  females 
average  0.2  to  0.4 
mm  in  length.  The 
males  arc  somewhat 
smaJler. 
.  (3)  This  mile  is  similar  to 
the  tropica]  rat  mite» 
but  has  a  much 
shorter  sternal  plate. 

(4)  These  miles  are  tiny, 
and  paJe  gray  or  yel- 
lowish white.  Ttiey 
have  conspicuous, 
long  hairs.  The  ante- 
rior two  pairs  of  legs 
are  widely  separated 
from  the  third  and 
fourth  pair  of  legs. 

(5)  These  mites  have  the 
following  develoi>- 
mental  stages:  egg, 
deutovum,  larva, 
nymphochrysaJis, 
nymph,  imago> 
chrysalis,  and  adult. 


Column  B 

a.  Itch  mites. 

b.  Chiggers. 

c.  House  mouse  mite. 

d.  Tropical  rat  mite. 

e.  Chicken  mile. 

f.  Northern  fowl  mite. 

g.  Slraw-iich  mile. 

h.  Grain  and  flour  mites. 


Column  A 

.  (6)  The  females  can  be 
distinguished  from 
most  other  blood- 
sucking mites  by  the 
presence  of  two  dor- 
sal shields,  a  large 
anterior  plate  and  a 
small  posterior  plate. 

(7)  This  mite  is  nomially 
a  parasite  of  insects 
that  bore  into  a  grain 
of  wood.  Unfed 
females  of  the  specie 
are  very  small,  but 
after  mating.  the 
female  becomes 
greatly  enlarged. 

(8)  This  mite  is  often 
responsible  for  severe 
**rat-mite  dermatitis" 
all  over  the  world. 


640,  Identify  the  methods  used  to  conduct  mite  surveys. 

Mite  Survey  Methods.  Survey  methods  vary  with  the 
habits  of  the  species  being  investigated.  In  chigger-infested 
areas  use  black  glass  plaies  or  cardboard  rectangles.  Place 
these  vertically  and  make  counts  at  definite  intervals.  If 
chiggers  are  present,  they  will  climb  to  the  upper  edges  and 
congregate  there.  Test  about  a  dozen  spots  to  locate  trouble 

areas.  Use  a  repellent  before  you  start  the  survey  

otherwise,  the  chiggers  may  find  you  before  you  find  them. 

Berlese  funnels  are  frequently  used  to  collect  flour  and 
giain  mites  and  other  free-ranging  species,  such  as  bird 
mites  in  nesting  material. 

Estimates  of  chigger.  bird,  and  rodent  mite  population 
densities  can  be  based  on  data  gathered  by: 

a.  Stunning  or  killing  animal  ectoparasites  (with  ether  or 
chloroform)  on  dead  or  trapped  animals,  and  combing  (or 
beating)  the  parasites  form  the  animal  into  a  white 
enameled  pan. 

b.  Picking  the  mites  off  with  fine  forceps,  particularly  in 
the  case  of  chiggers  that  have  fastened  to  an  animal. 


Figure  4-13.  Straw-itch  mile. 
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c.  Placing  the  live  host  animals  in  cages  that  have  wire  or 
hardware  cloth  bottoms  so  that  any  mites  that  drop  off  after 
engorging  will  fall  into  a  pan  of  water  put  under  the  cage. 
(This  procedure  is  often  used  to  collect  chiggers  from 
snakes,  turtles,  or  small  rodents.) 

d.  Placing  a  dead  host  animal  in  a  glass  jar  containing 
water  and  a  detergent.  The  jar  is  shaken  thoroughly  to 
separate  ectoparasites  from  the  animal.  The  liquid  is  then 
poured  into  a  funnel  containing  filter  paper.  Any  mites  will 
be  strained  out  on  the  paper. 

Exercises  (640): 

1.  Mite  survey  methods  vary  with  the  habits  of  the 
speices  . 

2.  Black  glass  plates  or  cardboard  rectangles  are  used  to 
survey  areas. 

3.  Berlese  funnels  are  frequently  used  to  collect  

and  mites. 


641.  Given  selected  techniques,  determine  the  type  of 
control  being  used,  the  mite  to  be  controlled,  and 
complete  given  statements  regarding  chemical  controls 
for  mites. 

Mite  Control.  Mites  can  be  controlled  through 
environmental  methods,  including  sanitation,  mechanical, 
and  construction  and  maintenance  controls,  as  well  as  by 
chemical  methods.  The  method  used  depends  on  the  mites 
to  be  controlled  and  the  circumstances. 

Cultural  methods.  Rat  and  house  mouse  mites  can  be 
controlled  by: 

a.  Trapping  or  poisoning  rats  and  mice  to  eliminate  the 
the  source  of  the  blood  meal  essential  for  nourishment  and 
reproduction  of  mites. 

b.  Starving  out  rodents  by  storing  garbage  and  food  in 
ratproof  containers,  rooms,  or  buildings. 

c.  Keeping  rodents  out  of  buildings  by  rodent  stoppage. 

Bird  mites  can  be  controlled  by: 

a.  Modifying  buildings  so  that  birds  cannot  enter  or  nest. 
(Give  special  attention  to  louvers,  gables,  eaves  and 
attics — even  though  the  work  calls  for  screening,  carpentry, 
or  masonry.) 

b.  Trapping  or  poisoning  birds  to  eliminate  the  source  of 
blood  meals  for  the  mites. 

Clover  mites  can  be  controlled  by: 

a.  Removing  vegetation  near  houses  and  pruning  shrubs 
so  that  they  are  at  least  a  yard  from  buildings. 

b.  Maintaining  a  strip  of  bare  ground  2  to  3  f^t  wide 
around  buildings. 

Chigger  control  depends  on  modifying  the  environment 
to  permit  sunlight  and  air  to  circulate  freely,  thus  drying  the 
usual  damp  habitat  of  the  chigger.  These  modifications 
consist  of: 

a.  Keeping  lawns  and  gardens  closely  cut  and  edged, 
and  keeping  flower  beds  free  of  weeds. 

b.  Eliminating  tall  weeds  and  shrubs,  particularly 


blackberry  and  raspberry  bushes,  which  furnish  food  and 
shelter  for  the  bird  and  rodent  hosts  of  chiggers. 

c.  Using  (in  scrub  typhus  areas)  mechanical  equipment, 
such  as  bulldozers  and  flamethrowers — thus  reducing 
human  contact  with  the  mites — to  clear  campsites,  and 
using  rodent  control  to  eliminate  chigger  hosts. 

Grain  and  flour  mites  can  usually  be  controlled  by: 

a.  Rotating  food  materials  to  remove  the  oldest  items 
first  (to  prevent  buildup  of  infestations). 

b.  Ventilating  to  prevent  the  accumulation  of  moisture 
(mites  thrive  on  foods  that  have  a  moisture  content  of  20 
percent  or  more). 

c.  Eliminating  foci  or  infestations  (by  vacuum  cleaning 
entire  warehouses,  with  attention  to  horizontal  surfaces 
such  as  beams  and  window  ledges). 

Chemical  methods.  Sprays  or  dusts  are  used  for  residual 
treatment  indoors  and  are  frequently  used  as  spot  treatments 
in  trouble  areas — around  windows  and  doors,  at  the  tops  of 
foundations,  around  plates  and  at  the  ends  of  joists,  on 
baseboards,  and  at  the  edges  of  floors.  Dusts  are  usually 
applied  at  higher  concentrations  than  are  sprays.  They  are 
placed  in  voids,  in  louvers  near  bird  nests,  in  rodent 
runways,  where  the  mites  will,  and  children  will  not, 
normally  come  into  contact  with  the  insecticide. 

Residual  treatment  outdoors  has  been  used  for  the  control 
of  clover  mites  and  chiggers  especially,  but  less  commonly 
on  the  outside  of  buildings  for  control  of  bird  and  rat  mites. 

Fumigation  control  of  flour  and  grain  mites  is  difficult 
and  should  be  carried  out  only  by  a  certified  pest  control 
operator.  All  fumigants  are  very  poisonous  and  should  be 
used  only  by  qualified  operators  and  only  according  to  the 
directions  on  the  fumigant  container's  label. 

Sulfur  has  long  been  used  as  a  chigger  repellent. 
Although  the  results  are  variable,  it  has  often  given  control 
when  dusted  into  socks,  underwear,  and  outer  clothing. 
Children  at  summer  camps  often  prefer  sulfur  to  sonn  of  the 
new  repellents  that  have  a  disagreeable  odor. 

Many  mosquito  repellents,  such  as  Indalone,  ethyl 
hexanediol,  and  dimethyl  phthalate  will,  when  applied  to 
the  skin,  also  repel  chiggers  for  2  to  4  hours.  One  of  the  best 
of  the  newer  repellents  is  diethyltoluamide. 

Most  of  the  good  mosquito  repellents  are  al^o  effective 
when  used  to  treat  clothing.  The  most  durable  treatment 
recommended  at  this  time  is  benzyl  benzoate,  which  will 
withstand  two  or  three  washings.  Resmethrin,  which 
contains  30  percent  benzyl  benzoate,  withstands  one  or  two 
washings. 

Persons  who  have  been  in  an  area  infested  with  chiggers 
can  kill  most  or  all  mites  that  have  attached  themselves  by 
using  a  thick  lather  in  a  hot  bath  or  shower  as  soon  as 
possible  afrer  exposure.  After  the  bath,  an  alcohol  rubdown 
will  help,  particularly  on  the  welts.  For  temporary  relief 
from  itching,  compounds  such  as  calomine  lotion  are 
available  at  most  drug  stores. 

Much  progress  has  been  made  in  the  treatment  of  mite 
infestations  on  humans  and  animals.  Sulfur  ointment,  long 
used  in  the  treatment  of  scabies,  is  no  longer  recommended 
because  it  can  cause  a  dermatitis  as  severe  as  that  caused  by 
the  mites.  Best  results  are  obtained  by  taking  a  hot,  soapy 
bath  first,  drying  the  skin  thoroughly,  and  then  applying 
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one  of  the  three  following  remedies  to  all  the  body  below 
the  neck. 

(1)  Kwell  cream,  or  a  lotion  containing  1  percent  gamma 
isomer  of  benzene  hexachloride  or  lindane: 

(2)  Eurax,  a  salve  incorporating  10  percent  N-ethyl-O- 
croContoluide  in  vanishing  cream. 

(3)  Twelve  percent  benzyl  benzolate. 

The  next  day  take  a  bath  and  change  to  clean  clothing,  night 
clothes,  and  bedding.  Itching  may  persist  for  several  days 
and  is  not  a  sign  of  superinfection.  It  is  important  that  this 
be  understood;  overtreatment  is  common.  In  perhaps  5 
percent  of  the  cases  a  second  course  of  treatment  is 
necessary  after  an  interval  of  1  to  2  weeks. 

In  treating  scabies,  thoroughness  is  essential.  Launder 
every  piece  of  clothing  and  bedding  tha'.  may  have  come 
into  contact  with  the  infested  person.  If  one  member  of  a 
family  or  group  of  persons  has  scabies,  all  close  contacts 
should  get  treatment. 

Exercises  (641): 

Given  some  techniques  for  controlling  mites,  state  whether 
the  type  of  control  is  cultural  or  chemical,  and  name  the 
mite(s)  that  it  would  control . 

Starving  out  rodents  by  storing  garbage  and  food  in 
ratproof  containers,  rooms,  or  buildings. 


4.  Keeping  lawns  and  gardens  closely  cut  and  edged  and 
keeping  flower  beds  free  of  weeds. 


5.  Treating  clothing  with  benzyl  benzoate. 


6.  Trapping  or  poisoning  birds  to  eliminate  the  source  of 
blood  meals  for  the  mites. 


Complete  the  following  statements: 

7.  Persons  who  have  been  in  an  area  infested  with 
chiggers  can  kill  most  of  all  mites  that  have  attached 

themselves  by  using  a      in  a 

 or  as  soon  as  possible 

after  exposure. 


8.  Fumigation  control  of  and  mites 

is  different  and  should  be  carried  out  only  by  a 
 pest  control  operator. 


1.  Using  diethyltcluamide.  9.  for  controlling  mites  indoors  and  outdoors,  you  should 

apply  sprays  and/or  dusts  around    and 

 ,  at  the  tops  of  ,  around  plates  at 

the  end  of  ,  on  ,  at  the  edges  of 

2.  Maintaining  a  strop  of  bare  ground  2  to  3  feet  wide   . 

around  buildings. 


3.  Rotating  food  materials  to  remove  the  oldest  items 
first. 
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Answers  for  Exercises 


CHAPTER  1 


Reference: 


600-1. 

600  -  2. 

600  -  3. 
600-4. 
600  -  5. 

600  -  6. 
€05  -  1. 


602 
602 
602 
602 
602 
602 
602 
602 

602 
602 
602 
602 
602 
602 
602 

602  • 
602- 

603  - 
603  - 
603  - 
603  - 
603  - 
603  - 
603  - 
603- 
603  - 
603  - 


-3. 
4. 
5. 
6. 
7. 
8. 
9. 
10 

604  -1. 
604  -2. 


605  -  1. 
605  -  2. 
605  -  3. 
605  -  4. 
605  -  5. 
605  -  6. 
605  -  7. 
605  -8. 
605  -  9. 
605  -  10. 
606-1. 


Any  living  animal  or  plant  which  gives  subsistence,  and  often, 
lodging  to  a  parasite . 

A  small  organism  or  vims  living  in  or  on,  and  at  the  expense  of 
a  larger  one. 

A  living  transporter  and  transmitter  of  disease  agents. 
The  vector. 

The  typhoid  fever  bacillus  is  carried  on  the  feet  and  body  hairs, 
or  may  pass  through  the  digestive  tract . 

The  parasite  multiplies,  changes  in  form,  or  passes  through  part 
of  its  life  cycle  within  the  arthropod  vector. 

(Da. 

(2)  d. 

(3)  b. 

(4)  e. 

(5)  g. 

(6)  f. 

(7)  c. 

Four;  egg»  larva,  pupa,  adult. 
Singly;  water. 
Readily  reach  water. 
Three  to  five,  if  flooding  doesn't  occur 
Freezing. 
Water. 

Flowing  streams  (and)  open  waters. 
Temperature,  light,  movement,  Hi^ 
other  living  organisms. 
Head,  thorax,  and  abdomen. 
Antenna,  eyes,  and  mouthparts. 
Head  or  abdomen;  flattened. 

12.  Nine;  segments. 

13.  In  water;  very  active. 

14.  From  one  day  to  a  few  weeks. 

15.  Its  is  a  small,  fragil  insect  with  a  slender  abdomen,  one  pair  of 
narrow  wings  and  three  pairs  of  long,  slender  legs. 

16.  Spherical;  membraneous. 

17.  Wings;  legs. 

1 .  F.  About  equal  numbers  are  produced. 

2.  T. 

F.  They  remain  near  the  breeding  places. 
T. 
T. 

T.  Most,  but  not  all. 
T. 

F.  They  differ  greatly  as  to  their  preferred  host 
T. 
T. 


-  1. 
-2. 
-3. 
-4. 
-5. 
-6. 
-7. 

-  8. 


1  «>n<;cs  and  salts,  and 


-9. 
-  10. 
11. 


Examples  in  the  text  include  size,  color,  presence  of  tarsal 
bands,  markings  on  the  thorax,  and  shape  of  abdomen  tip. 

a.  Aedes  taeniorhynchus,  black  salt-marsh  mosquitoes. 

b.  Aedes  triseriatus,  tree  hole  mosquitoes. 

c .  Aedes  caru2densis . 

d.  Aedes  soUicitatts,  salt-marsh  mosquitoes. 

e.  Aedes  nigromaculis. 


AQ. 

AQ. 

AF. 

AQ. 

AQ. 

AF. 

AF. 

AQ. 

AF 

AQ. 

a.  CQ. 

b.  CP.  CQ. 

c.  CT. 


606 
606 
606 
606 

607 
607 
607 

608 
608 
608 
608 
608 


-2. 
-3. 
-4. 
-5. 

-  I. 

-  2. 

-  3. 

-  1. 

-  2. 

-  3. 

-  4. 

-  5. 


b. 
c. 
d. 
e. 


609 
609  ' 
609  • 
609- 


610 
610 
610 


1. 
2. 
3. 
4. 


610-4.  a 


610  -  5. 


611  -  1. 


611-2. 


611 


611-  4. 

612  -  1. 

612-  2. 


612 
612 


•3. 
■4. 


612  -  5. 
612-6. 

612  -  7. 

613  -  1. 


613  -  2. 
613  -  3. 


Culex  quinquefasciatus. 
Culex  tarsalis. 
All  three  species  discussed. 

Because  they  breed  prolifically  in  artificial  containers,  and 
because  adults  don't  normally  migrate  far  from  larval  sites. 
Psorophora  ciliatea. 

Coquillettidia  perturbans  and  mansonia  titUlans. 
Psorophora  confinnis. 

Planning,  conducting,  evaluating. 
Work  hours,  materials,  equipment,  justification. 
Culex  tarsalis. 

Dawn,  light  intensity,  humidity, 
a.    Biting  collections,  landing  rates,  insect  nets, 
l-anding  rate,  biting  collections. 
Light  traps,  carbon  dioxide  traps. 
Light  traps  not  very  effective;  daytime  resting  stations. 
Daytime  resting  stations,  light  traps. 

Specific  breeding  sites;  sampling  stations. 
Dips;  larvae. 
One;  two. 

a.  Skimming  in  particaUy  shaded  water  with  some  vegetation 

b.  Dippmg.  collecting  with  a  pipette  in  artificial  containers 

c.  Same  aSi4e^f5. 

d.  Pulling  up  vegetation,  rinsing  and  inspecting  rinse  water. 
Cultural,  biological,  and  chemical  controls. 
Mechanical/physical  and  chemical  controls. 

a.  Control  aquatic  vegetation  to  reduce  breeding  and  resting 
locations.  * 

b.  Stock  the  pond  with  fish  which  feed  on  larvae,  or  apply  a 
biological  insecticide. 

c.  Apply  a  selective  pesticide  such  as  methoprene  to  prevent 
danger  to  fish.  ^ 
Get  rid  of  artificial  containers  which  trap  water. 
Make  sure  screen  doors  and  windows  are  in  place  and  in 
good  condition. 

Use  commercially  available  aerosol.-?  and  fly  swatters  for 
indoor  control. 

Use  a  ULV  generator  to  treat  for  adults, 
b.    Apply  larvicides  to  tree  holes  and  other  appropriate  areas 
using  portable  equipment. 

CHAPTER  2 

Not  only  do  flies  annoy  and  bite  humans,  but  they  spread  and 
create  disease  and  destroy  agricultural  products. 
On  their  mouthparts.  through  their  vomitus,  on  their  body  hairs 
on  the  sUcky  pads  of  their  feet,  and  through  the  intestinal  tract 
by  means  of  fly  feces. 

Any  six  of  the  following:  baciUary  dysentery,  infantile  diarrhea 

typhoid  fever,  paratyphoid  fever,  cholera,  amoebic  dysentery 

giardiasis,    and    pin  worm,    roundworm,    and  tapeworm 

infections. 

Intestinal  myiasis. 

T. 

F.  Different  species  have  mouthparts  adapted  for  different 

activities. 

T. 

F.  The  wings  (straight,  curved,  or  angled)  are  used  in 
identification. 

F.  Four  stages  (egg,  larva,  pupa,  adult). 
T. 

a.  6  to  9  mm  long. 

b.  Dull,  with  four  dark  longitudinal  stripes. 

c.  Dull,  with  sides  usually  pale. 

d.  Sharply  angled,  ending  before  the  wing  tip. 
8  to  20  days. 

In  cracks  and  crevices  within  the  breeding  media  away  from 
direct  sunlight. 
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613  -  4. 
613  5. 
613-6. 
613-7. 


613-8. 
614  -  I. 


615  -  I. 


615-2. 
615  -  3. 

615  -4. 

616  -  1. 


617  -  1. 


Animal  manuTx;,  human  cxcTXjmcnt,  and  garbage. 
Water,  sugar,  starch,  and  protein. 
Two  to  three  times  daily. 

a.  Below  45**  F. 

b.  About  53**  F. 

c.  Slightly  under  32**  F  or  over  1 12**  F. 

Lethal  effects  are  more  marked  when  the  humidity  is  high. 

(1)  c. 

(2)  b. 

(3)  d. 

(4)  a. 

a.  Up  to  2  to  3  times  larger  than  the  housefly. 

b.  Dull  with  three  dark  longitudinal  stripes. 

c.  Checkerboard  pattern  with  a  reddish-brown  tip. 

d.  Sharply  angled  and  ending  before  the  wing  tip. 

In  meat,  cheese,  fish,  other  exposed  foods,  and  animal  excreta. 
The  females  deposit  larvae  rather  than  eggs. 
In  kitchen  and  bathrooms. 

(1)  b. 

(2)  c. 

(3)  d. 

(4)  a. 

(1)  e. 

(2)  b. 

(3)  f. 

(4)  j. 

(5)  a. 

(6)  i. 

(7)  h. 

(8)  c. 

(9)  d. 

(10)  g. 


618  -  1 
618  -  2 


618  -  3 
618-4 
618  -  5 
618  -  6 
618  -  7 


Insect  net,  fly  trap,  and  fly  grill  surveys. 
To  determine  the  species  present,  and  roughly,  the  relative 
numbers  of  the  various  species. 

The  tendency  of  flies  to  rise  vertically  when  they  take  off. 
To  collect  live  flies  for  bacteriological  or  virological  studies. 
Fly  grills  are  faster  and  give  a  valid  picture  of  the  situation. 
The  fly*s  tendency  to  rest  on  edges. 

They*re  used  to  supplement  fly  frill  surveys.  They  are  taken  in 
a  vehicle  or  on  foot  to  observe  the  abundance  of  flies  in  favored 
resting  places.  Finding  densities  are  recorded  as  estimated  grill 
readings. 

618-  8.   a.    To  provide  data  for  areas  lacking  grill  coverage. 

b.  To  speed  up  cr  ntrol  measures  in  epidemics  or  other  disease 
conditions. 

c.  To  serve  as  a  posttreatment  evaluation  of  space  spray 
applications. 

d.  To  serve  as  preventive  maintenance  inspections  during 
times  of  low  fly  populations. 

Around  horse  stables  or  bams,  and  around  piles  of 
decaying  grass. 

Around  plant  waste  and  along  seashores. 
Around  dead  animal  carcasses,  at  garbage  dumps,  around 
meat  processing  plants,  and  near  decaying  vegetation. 

d.  Near  water  or  damp  soil,  near  welMit  areas,  or  right  under 
your  nose. 

e.  Around  bathroom  and  kitchen  windows,  dirty  garbage 
containers,  water  traps,  and  outside  near  decaying  organic 
materials  and  garbage. 

619  -  1 .   Limited,  physical,  biological. 

619  -  2.    Reproduction,  mortality. 

619-  3.   Food,  water,  shelter.  '  -C,.,  . 

620-  1.  T. 

620  -  2.   F.  Refuse  management,  not  chemical  controls. 
620-3.  T. 

620  -  4.   F.  Sometimes  you  can  get  striking  results  through  sanitation 
alone. 

620  -  5.   F.  They  should  be  mounted  over  all  the  doors  entering  the 
building. 


618-9.  a. 

b. 

c. 


620  -  6.  T. 
620-  7.  T. 

621  -  1.  (l)d. 

(2)  a. 

(3)  c. 

(4)  b. 

622  -  1 .    a.    Take  immediate  chemical  action  to  control  adult  flies. 

b.  Control  the  maggots  with  a  space  or  residual  spray. 

c.  Arrange  to  have  the  breeding  material  removed. 

d.  Have  the  plumbing  shop  repair  the  broken  pipe. 

CHAPTER  3 

F.  2  to  4  mm. 

F.  Most  move  about  a  lot  and  remain  on  the  host  only  to  get 
needed  blood  meals. 
F,  Both  sexes  are  blood  feeders. 
T, 
T. 

F.  Metamorphosis  is  complete;  egg,  larva,  pupa,  adult. 
F.  They  have  no  legs. 
T. 
T. 

F.  Only  females. 

(l)e.  (2)f.  (3)  a.  (4)  c.  (5)  b.  (6)  d.  (7)  d,  e.  (8)b.  (9)  f . 

Locate  possible  hosts. 
Determine  the  pet*s  habits. 
Check  for  flea  **hot  spots.'* 

a.  Pet  bedding. 

b.  Carpels,  rugs. 

c.  FUmiture,  baseboards. 

d.  Outside  areas. 
Look  for  larvae,  pupae,  and  adults. 

a.  Lay  a  white  cloth  on  the  floor. 

b.  Walk  through  the  area  with  white  socks. 

c.  Vacuum  the  are^i  and  check  bag  contents. 

T. 

F.  Dimethyl  phthalate. 
F.  Multiple-dose  rodenticides. 
T. 

F.  As  soon  as  possible  after  flea  control  is  achieved. 

Flea  control  on  pets  and  on  premises. 
Simultaneous  treatment  of  both  pets  and  premises. 
Encourage  the  pet's  owners  to  have  the  animal  treated  by  a 
veterinarian. 

Pet  bedding  should  be  thoroughly  cleaned  or  destroyed,  and  the 
house  vacuumed. 

Survey  to  determine  the  degree  of  infestation,  and  make 
appropriate  recommendations  to  occupants  regarding  animal 
dipping  and  sanitation  requirements.  Then  treat  the  home  and 
outdoor  areas  as  needed  when  all  conditions  are  met. 

627  -  6.    Plan  to  have  the  animal  treated,  and  carry  out  sanitation 

requirements  before  you  treat. 

CHAPTER  4 

628  -  1 .    F.  Change  crab  to  body. 
628  -  2.  T. 

628  -  3.  T. 

628  -4.    F.  Lice  eggs  are  attached  by  cement. 
628  -  5.  T. 


623  -  1. 
623  -  2. 

623  -  3. 
623  -  4. 
623  -  5. 
623  -  6. 
623  -  7. 
623  -  8. 
623  -  9. 
623  -  10, 

624-  1. 

625  -  1. 
625  -  2. 
625  -  3, 
625  -4. 


625  -  5. 


626  -  1 . 
626  -  2. 
626  -  3. 

626  -  4. 
626-5. 

627  -  1 . 
627  -  2. 
627  -  3. 

627  -  4. 
627  -  5. 


629  -  1 . 


(1)  b. 

(2)  a. 

(3)  a. 

(4)  c. 

(5)  c. 

(6)  b. 

(7)  c. 

(8)  b. 

(9)  a. 

(10)  c. 
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630  -  1 .    On  hairs  in  the  pubic  areas. 
630  -  2.    Glued  to  pubic  hairs. 

630  -  3.    By  sexual  or  other  close  personal  contact. 

631  -  1.    Medical  personnel  o/i/>'. 
631  "  2.    Educate  the  people  involved. 

631  -  3.    After  an  infestation  starts,  continued  pcx>r  sanitation  will  help 

the  problem  spread. 
631  -  4.    If  lousy  garments  are  left  in  a  locker  overnight,  exposure  to  a 

toxicant  may  keep  the  problem  from  spreading. 

631  -  5.  Vacuuming. 

632  -  I.    (a)  Rickettsial,  (b)  bacterial,  (c)  spirochetal,  (d)  viral. 
632  -  2.    Sported  fever. 

632  -  3.    Rabbit  fever. 
632  -  4.  Viral. 

632  -  5.  Saliva. 

633  -  1.  T. 

633  -  2.    F;  Hard,  not  soft,  ticks. 
633  -  3.  T. 
633  -  4.  T. 

633  -  5.    F.  Unfed  hard  ticks  endure  better. 
633  -  6.  T. 
633  -  7.  T. 

633  -  8.    F.  Only  \hc female. 
633  -  9.  T. 

633  -  \0.  T. 

634  —  1 .    Egg,  larva,  nymph,  and  adult. 
634  -  2.    On  or  near  the  ground. 

634  -  3.    Their  great  reproductive  capacity  and  their  resistance  to 
starvation. 

634  -  4.    The  hard  tick  lays  all  her  eggs  a!  oiice  and  then  dies.  The  soft 

tick  may  lay  her  eggs  in  several  small  batches. 

635  -  1.  (l)c. 

(2)  a. 

(3)  b. 

(4)  e. 

(5)  a. 

(6)  c. 

(7)  d. 

(8)  e. 

(9)  b. 

(10)  d. 

636  -  1 .    Using  a  tick  cloth  drag. 

636  -  2.    Clearing  or  burning  brush  aJong  paths. 
636  "  3.    With  a  steady  pull  towards  the  tick's  head. 
636-4.    Refer  the  owner  to  a  veterinarian  but  don't  treat  the  pet 
yourself. 


636  -  5.    Residual  sprays  and  dusts. 

636  -6.  Around  dog  sleeping  areas,  baseboards,  window  and 
doorframes,  wall  cracks,  and  any  other  areas  where  ticks  may 
hide. 

636  -  7.    Keep  overgrown  and  heavy  vegetation  cleared  and  cut. 
636  -  8.    American  dog  ticks. 

636  -  9.   Take  the  dogs  to  a  veterinarian  for  dipping  or  dip  them  heiself . 
636  -  10.  Apply  a  quick  knockdown  pesticide  to  get  initial  control  of  ticks 

in  the  yaxd.  Make  sure  you  use  an  approved  insecticide  that 

won't  harm  the  dogs. 

636  -  11.  Cut  the  grass  and  maintain  it  at  a  proper  height;  keep  dog 

droppings  cleaned  up;  take  whatever  action  possible  to  let  more 
sunlight  into  the  area. 

637  -  1 .  T. 

637  -  2.  F.  Itching. 

637  -  3.  T. 

637  -  4.  T. 

637  -  5.  F.  By  the  house  mouse  mite. 

638  -  1.  Arachnida. 
638  -  2.  Acrina. 

638  ~  3.  Capitulumorgnalhsome. 

638  -  4.  Chelae. 

638  -  5.  Egg.  larva,  nymph,  and  adult. 

638  -  6.  Mesostigmata. 

638  -  7.  Trombidiformes. 

638  -  8.  Sarcoptiformes. 

639  -  1.  (l)e. 

(2)  a. 

(3)  f. 

(4)  h. 

(5)  b. 

(6)  c. 

(7)  g. 

(8)  d. 

640  -  1.    Being  investigated. 
640  -  2.    Chigger  infested. 

640  -  3.    Flour,  grain. 

641  -  1.    Environmental;  rat  and  house  mouse  niite. 
641  -  2.    Chemical;  repcichiggers. 

641  -  3.    Cultural; clovermite. 
641-4.    Cultural;  grain  and  flour  mites. 
641  -  5.    Cultural;  chiggers. 
641-6.    Chemical;  mosquito. 
641  -  7.    Cultural;  bird  mites. 
641-8.    Thick  lather;  hot  bath;  shower. 
641-9.    Flour,  grai^.,  certified. 

641  -  10.  Windows,  doors;  foundations;  joists;  baseboards;  floors. 
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L  MA  K  II  ANSWKRSIIKKI K)  I  HIS  I:XI:R(  !SK  M'MHKR, 
2.  I  SK  MIMIU:R  2  I>I:N(  IL()NL\  . 


C:\  IKNSION  COl'RSK  INS  I  HI  IK 
VOLlMi:  RKVIKW  KXKRC  ISK 


56650  04  22 


DISKASK  \  EC  TORS 


(  iircriilly  n\ul  iliv  t'olhnvin^: 
DOs: 

1.  (*hcck  the  **ct>urso.**  **vi)lumc/*  and  'Mbrnr*  luinihors  trDiii  tlic  answer  slicct  adtiioss  tab  against  the 

answer  sheet  itientit  ieation  number  *  in  the  riuiithanti  et^hmni  ol  tiie  shipping  list.  IT  numbers  tit) 
not  mateh,  return  the  answer  sheet  and  the  shipping  list  to  HCl  immediately  with  a  nine  t)rexplanation. 

2.  Note  lliat  item  numbers  on  answer  sheet  are  sequi^itial  in  eaeh  et)lumn. 
V    I  !se  a  medium  sharp  #2  blaek  lead  peneil  for  marking  answer  sheet. 

1.  Write  the  correct  answer  in  the  margin  at  the  leit  of  the  item.  (When  you  review  ior  the  course 
examination,  you  can  cover  \v>//r  answers  with  a  strip  of  paper  and  then  check  yt)ur  review  answers 
against  your  original  choices. )  After  you  are  sure  of  your  answers,  transfer  them  to  the  answer  sheet,  if 
\ou  /lavr  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  {o  avoid  any  erasure  on  the  answer  sheet  ii'at  all  possible. 
1  ake  action  to  return  entire  answer  sheet  to  HCI. 

(V    Keep  Voliniic  Review  Hxereise  booklet  for  review  and  reference. 

7.    II  fttitntIaf<ni/\  enrolled  student,  process  questions  or  conunents  through  your  unit  trainer  or  OJT 
supervisor.  If  yohtnfarify  enrolled  student,  send  questions  or  comments  to  HCI  on  HCI  Ht)rm  17. 


1 .  Don't  use  aiiswer  sheets  other  than  one  furnished  specifically  for  each  review  e\,:rcise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blocks,  i^  uiblc  marks^or  excessive  markings 
w  hich  ovcrllinv  marking  blocks  will  register  as  errors. 

,V   I  )on't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 
I.    Don't  use  ink  or  any  marking  other  than  a  #2  blaek  lead  pencil. 

\()n::  NllMHKRi:i)  LKARN1N(;  OBJECTIVE  REEERENCES  ARE  I  SEI)  ON  THE  VOLUME 
RhIVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRH  is  the  Lcarnifii* 
Ohjci  tivc  N((mhcr  where  the  answer  to  that  item  can  be  located.  When  answering  the  items  on  the 
VRI\.  refer  \o  the  Learning,  Ohjectivi's  indicated  by  these  Numbers.  The  VKH  results  will  be  sent  to 
you  on  a  |>ostcard  which  will  list  the  actiui!  VRH  ilcuis  yon  niiswccl.  Go  to  the  VRH  booklet  and 
locate  the  Lctiniini^  Ohjcctive  Numbers  for  the  items  missed.  Go  to  the  text  and  carei'ully  review  the 
areas  covered  by  these  references.  Review  the  entire  VRH  again  before  you  take  the  elosed-bt>ok 
C 'ourse  Hixaniination. 


DOS  "I  s: 


MULriPlJ-:CIK)iCl; 


\»/r  /!» .S///Jc//r  ( *i>nsitlcr  M  choices  caiclully  ami  select  the  hrst  answer  lo  ca^  h  ciuestion. 

1 .  UiOO)  Select  the  fi  iic  statement  regaitling  mechanicai  transmission  ol  diseases 

a.  Dininii  tiansmission.  the  parasite  changes  significanti y. 

b.  Duiinu  transmission,  the  parasite  multiplies  signil icantly . 

c.  As  a  mechanical  transmitter,  the  arthropod  is  simply  a  vehicle  which  transports  the  parasite, 
il.  Asa  uK-chanical  transmitter,  the  arthropod  is  essential  in  the  lile  history  ol  the  parasite. 

2.  Which  ol  the  loUowing  is/;<;/  a  type  ol*  hiolo»iical  disease  transmiss..)n  .* 

a.   Cyclo-devclopniental .  c.  Cycl'>-propagati\e. 

h.   Cyclo-mechaiiica!.  d.  Propagative. 

^.   (M)| )  Which  ol  the  lol lowing  iscalletl  the  yellow  lever  mosquito.* 

a.   Ai'ihw  (i(i:yi>n .  c.   C^uUw  iii}^ri/)(i/{ni.\ . 

I).    .\t}it/)lu'lcs  (/iKulrifiKu  nldfns .  d.    CiiUw  c/iiifuiiicfdsi  icifii.s. 

I.   UUM  )  (  iiIcA  tiusiilis  is  the  most  important  niosquiti)  vectoring 

a.   Western  encephalitis.  c.  liiariasis. 

h.   yellow  lever.  d.  malaria. 

((it)  I )  Which  ol  the  lollowing  mosquitoes  is  a  vector  o!  liiariasis? 

a.    H(lc\  tiivsnlis,  c.   Acilcs  sollicitiuis . 

h.   .\c(l('.\  (iciiypii .  d.   Cukw  qiiifi(/i(cf(is(  i(itiis\ 

(i.   ((i(»2)  I  low  many  tiistinct  stages  do  mosquitoes  have  in  their  life  history 

a.    :.  •  e.  4. 

h.  ^  d.  5. 

7.   ((i(l2»  In  which  genus  ol  mosquitoes  are  single  eggs  kept  alloat  on  the  water  surtace  b>  air  hubbies  among  the 
spines  ot  the  eggshell? 

a.  (  c.    PsDroplmrn . 

b.  Mim\tnii(i .  d.    To.xorhyni  liifcs . 

S.   {h{)2)  Concerning  mosquitoes  that  do  not  lay  eggs  in  water,  how  long  ma>  the  egg  stage  ol  these  mosquitoes 
sinxivc  (maximum)  il  Hooding  doesn'>  occur? 

a.  Less  than  I  year.  c.    3-5  years. 

b.  l-.^yeais.  d.   5-7  years. 

(OO.M  How  much  time  does  an  adult  feiviaie  mosquito  need  to  digest  a  blood  meal,  iay  eggs,  and  seek  another 
blood  meal 

a.  Two  days  or  more.  c.    Four  day.s  or  more. 

b.  Three  tiays  or  more.  tl.    Five  daN's  or  more. 

10.   {(M)  Which  mosquito  species  is  widely  distributed  in  the  northern  United  States,  and  has  banded  tarsi  with 
while  bands  a!  both  ends  ol  the  segments? 

a.  Acilc.s  tdcniorhyni  hii.s,  c.  Acdc.s wcllicUdfis . 

b.  A('{/c\  li  iM'i'Kitifs .  tl.    Acdcs  CdlUlJcflM.S  . 
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II  inosqum»  IS  tlic  luost  inipmtant  s;ilt  in;irsli  spccu^^  ;»iul  ^nw  ol  the  iiu>si  sewiv  iiiustiuito  jv^is 

h    .\(  </cN //<»/ N(///.N.  Ai  iit's  sollii  iiiins. 

I  .'^  W'liuh  i>!  ihc  lollow  iiiL!  niosi|iiitocs  is  known  ;is  ;i  \'\c\vc  biter,  even  ihn  ihl!  da\  liiilii  lioiiis 7 

b    Ai'Ji's  ilnr.ui/i.s.  ^\     Anlrs  i  iUHulciisi.s . 

I  ^    (()()>)  Wlial  is  the  most  lavorablc  temperature  lor  tl.e  tle\elopnient  ol" .•\//(7^//(7(  .v  KHuulviuua-uLitus  * 

h    55    (U)  d.  MM)  I- 

I  I    ((>()())  W'hieh  izenns  ol  ('///cv  niosi^juitoes  wouk!  \oii  expeet  where  neoj^lc  eonij^lain  ol  hites  hv  *'sinpinii* * 
niosijuitoes 

a.  i  .  nii^riihilptts.  ^-  C.tiu:uilis. 

h    (    rr.sfi'dti.w  tl.    (  '.  i/iiiiuiiicfiiM      ii  \ 

15    ((^0(1)  Whieh  speeies  ol'C         mosquitoes  woiiltl  you  expeet  to  t  im!  in  iaruc  numbers  m  liizlit  trap  sun  eys? 

a    (    tiirMili.s.  iiis:ri/Hilpu.\. 

b.  ( \ />//^'^7^^.  ^    (fuim/iirfuM  iitm,\. 

Id    loU"/)  WhiL-hol  the  loliowin^  mosquito  larvae  are  jnedaceous  on  other  larvae? 

;i.    irsoro/yhnnt  i  **nf  {inii.\ .  e.    Miinsiyiiia  titiUuiw. 

h.    l\MUitplu*i  ii  uliiCfn,  C(H/tiillrffi(li(t  i)i  f  imhiin.\ . 

17    ((i07)  W'hieh  mosquito  larvae  auinot  he  eontrol let!  w  ith  ordinar]  surlaee  hn  vieitles  .' 

a.   Aih»/>hil<'.\.  ^-  CitliMtii. 

h    ( 'iu/nilii  tiiilin.  CuUw. 

IS    ((i()7)  Whieh  ol  the  lollowinu  mosquitoes  L:enera!ly  prvu'Meesone  iieneration  jhm  year.' 

a     »'r\on>i>lioni  I  OHfiniiis.  ■    Mmistuiiit  tiiilUtiis. 

Iv   /\\on»/>/i<»ni  i  iliittit.  d.    CtHfuilli'ttiiliii  in-run  luiiis . 

p)    ((i(»7)  Whieh  uenus  ol  mosquito  rctiiains  below  the  water  surlaee  ibrouuhout  Ihe  larval  and  pu[)ul  staiies. 
obiaimni:  airthiouiih  the  stems  ol  aquatie  plants? 

a.   AciU's.  t\   Aiuypln  lcs. 

Iv  d.  Miu\stu\iii, 

Jo.   ((>()S)  Whieh  iieuus  t)l  niosquit^Ks  wv)uld  most  likely  he  deteeted  h\  usinu  the  landini!-i ate  ei^lleetinu  method'.^ 

a.   Acih's.  Aiuyphchs, 
Iv   Miumuiiii.  d.  CnU\. 

1\     ((^OS)  Whieh  ol  the  lollow  inu  mosquito  s;'eeies  ean  he  elTeetively  trapped  h\  carbon  dioxide  traps  .' 

J.    Anli's  vi  unis.  ^^    CiiU  \  tuisoli.s . 

b    Atiit/tln  h's  frt  i'hoi  iti.  d.    i  ttitsi'tii  uu  iintitm . 
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((>n*))  \\  h\  ;itc  s[>ccial  di[>|>crs  used  lo  ldIIccI  luost^jiiiin  l;u\ac  .' 
a     iDaNDul  Uisdnhini:  (he  larvae, 

h     i  Deiuil^le  a  nii>re  aeeuiale  eoiini  |>cr  siu  taee  area  ot  water, 
e.    I  i^allrael  ihe  larvae  and  enira|)  iheiii . 
il.    l  iKivDii!  harniini:  llie  larv  ae, 

((M)*M  It  an  area  is  \  oid  ol  lar\  ae  dui  Ini:  Diie  ei)lleel Iimi.  w  hal  should  be  (.lone  on  tulure  oullec lions 
a     Un  pass  (be  area.  e.    Cheek  the  area  aiiain. 

It.    ,Seareb  (he  area  more  thoroughly,  tl.    Spray  the  area  before  takini:  a  new  sample. 

(()in)  In  a  base  housing  mosquito  eontrol  program,  whieh  ol  the  lollowing  aetions  would  nou  not  eneourage 
Iroiu  lunisii^.g  resident?.? 

a.  (lel  rill  ol  eontainers  whieh  trap  water, 

h  Use  iniloor  aerosols  and  \^\  swatters, 

e.  Apph  larvieides  in  water-hokliiig  tree  eavities, 

il.  Make  sure  sereoniiig  is  installetl  and  in  good  repair. 

(()in)  Whieh  main  eategories  of  1PM  are  ai)plieable  to  adult  mosquito  eontrol  programs? 

a    Meehanieal  and  biologieal .  e.   Cultural  and  ehemieal . 

b    C Mieniieal  and  biologieal ,  d,    Meehanieal  and  ehemieal. 

(()1())  Whiehol  the  lollowing  is  an  e.xample  of  biologieal  eontrol  of  mosquitoes? 

a.  ( \)nirt)lling  atpiatic  vegetation  to  reduee  breeding  antl  resting  sites. 

b.  Stt)i.'king  a  poiKl  w  ith  lisli  thai  leed  on  mosquito  larvae, 
e.    Disposing  ol  eontainers  that  provide  breeding  sites. 

il.    Appl>  ini:  methoprene  to  breeding  areas. 

{h\  h  W  hieh  hsteil  disease  is  not  transmitted  by  (lies? 

a.  lyphoivl.  c.  i^vsentery, 

b.  Cholera  d.  Plague 

1)  How  nKUi\  bod\  legions  iloes  an  adult  IK  have  * 


b 


a. 


e.  4, 
d. 


(()i : 


?l  IU>\\  man\  stages  are  theie  in  the  life  eyele  ol  a  Dy? 


e.  3. 
d.  4, 


(()l  })  W  hieh  ehoiee  eorreetlv  tleserihes  the  tlior;iV  and  abt^lomen  ol'a  house  IK  ,* 


a  Dull  thorax,  shiny  abtlomen, 
h    1  )idl  thorax .  tlull  abdomen. 


e,  Sliiny  thorax,  shiny  abtlomen. 
d,   Shinv  thorax,  dull  aixlomen. 


{U\ })  I  Urn  do  riy  larvae  regulate  their  temperatuie? 


a.  liy  leaving  the  brectling  plaee. 

b  Hy  moving  about  in  the  breetling  material, 

e  U\  exereting  a  Tluid  whieh  evaporates, 

il.  H\  a  built-in  temperature  eontrol  ,system. 
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U>l     \\  hu  h  lisK'il  UhhI  siihst;iiK'c  is  !X't}ui!\Hl  ui  Older  u>i  hoiiscthcs  lo  produce  c^^s  * 


U    I  ilvr. 


MiiKMals. 


d.  Ml 


roicMi 


M>1  M  Hi>(h  iiKik-s  ;ind  Icnudcs  ol  w  h.cli  lislcd  flics  ;nv  \  icioiis  biicrs  ot  people  iiiid  ;inim;'!.  * 


a.  I  ")unip  1  lies. 
Iv    Stahlc  IIk*s. 


c.    f  alse  stable  Hies. 
Killle  house  Hies 


VI.    ((>! 4)  W  hieh  i>l  the  lollowiiii:  llv  s|)ecies  help  lo  eontjol  nther  tly  po|Hdalions 

a  riu'  isetse  l  lv  and  liie  slahle  \  \\  . 

h.  The  luHisellv  and  liie  dump  Hv. 

e.  I  iie  iliinip  llv  ami  llie  ialse  scai-jie  i  l\ . 

d.  rile  lalse  si  able  llv  and  I  he  iiuuseflN  . 

{^^\^^)  Whieli  ehoiee  slates  a  unitjUe  eliaraeiei isiie  ol  llie  llesli  lly  ' 

a.    I  hey  breed  in  animal  flesh. 

Iv    The  females  tieposil  liviiii:  lai  vae. 

e.  riiey  eal  animal  flesh. 

d.  I  hey  deposit  their  e^iiis  in  animal  llesli. 

W'iinin  lnnldini?s.  where  aiv  flesh  flies  ei.ninionly  ioiiiKi'.' 

a.    Around  heatini:  antl  air  eomlitionin^:  units. 
Iv    Around  animal  betldint:, 

e.  Ii^  kitchens  anti  batlirooms, 

d     In  bathrooms  and  in  babies'  nu^  iis, 

.^7.   (()l<^)  W  hat  happens  to  blow  11  \  larvae  after  they  leave  the  breedini:  mate  u^i  ^ 

a  I  lu'\  burrow  into  the  izround. 

b  I  hey  are  reatly  to  brcetl. 

e  riiey  I'Jore  deeper  into  the  iiiatoi  iaL 

d.  They  lou\e  lo  start  theii  own  et)!on\  . 

'^S     {^^\(^)  W'liieli  one  of  the  followinu  \'\\  sjK'eies  is  active  on  warm  winter  tla>  s  in  the  Soutli.  while  i*  o\erw  inters  in 
the  Ni>rtli  as  tull-iirow  n  larvae 

a,    ri'.e  bluebottle  tly,  e,    I'he  ureeii  blowfly. 

Iv    I  he  bron/ebottle  fly .  d.    I'lie  black  blow  lly. 

Select  the  fly  species  that  is  a  parasite  ol  eartliw onus, 

a.  The  black  blow  lly .  c,   "Ihe  ^irecn  blow  fly . 

b.  The  screw  worm  fly .  d,   Tlio  cluster  fly . 

10    ((^1  /)  Why  are  e\e  unats  sotliflicult  to  control  ? 

a  I  dfecln  e  mseeticitlcs  are  harndul  to  desirable  plants  aiitl  animals, 

b.  rhe\  breed  in  remote  areas  laul  are  liard  to  reach, 

c  riic\  are  parasites  of  tiesirable  miinials. 

d.  riic>  breetl  ni  loose  soil  over  vast  areas  of  laiKi. 
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;i    Anuiiul  s\\  ininiini:  pools, 
b     III  LMliiiu  liicilitics. 

ArDiniil  SL*\\;ii:L*  tic;itnK*nt  i>l;ints. 
il     in  w.ilci  livatiiicnt  r;uililics. 

\?.    {()]'?)  Which  nt  th^-sL-  IliL-s  is  oHlmi  ciillcd  ;i  "giant  mosquito.'  *  cwmi  it  l;ui*i  l^itc  pcfiplc.' 

a.   (  lanc  ll\  .  c.    !  lover  \^\ . 

h    UlacktlN.  J.  h:yci:iiat. 

1^.   (OlS)  Whicli  lypt-  o|  trap  takes  advantatzc  ol  tlic  iiahil  ol'  llics  to  rise  vcriually  \\licn  lhc\  lake  ott? 

a    l.iuhtiraps,  c.    I  ly  grills, 

h    Sticky  traps.  tL    Bait  traps. 

11.   (()  I  S)  I  low  nia\  C  .  Icrcnt  species  ol  llics  he  attracted  to  a  bait  trap 

ii.  U\  Msinu  a  varicl\  ol  hails. 

1>.  By  isolatiniz  ihe  (rap, 

c  lU  liulilini:  the  trap. 

d  H\  hanizinu  ihe  trap  olTtlic  groinul. 

I>.   (d  P.M  All  ol  the  lollow  ing  conditions  naturally  alTcct  lly  populations  iwupt 

a.    reproduction.  c.    sterili/aUon . 

h    ini>italil\.  tl.  niiLiration, 

Ui    (dp))  Which  one  ol  the  lollow  ing  would  have  the  L!reatest  elTect  in  limiting:  a  lly  population 

a.    rile  chemical  controls  usetL 

h     The  physical  and  biological  environment. 

.    The  li>nt:-rantie  weather  contlitions. 
k\     Parasites  and  predatoi  s. 

17    (dJO)  Which  one  ol  the  lollow  Iml:  procedures  is       considered  a  cultural  nielhotl  ol  tloniestic  lly  control  .* 

a.  ketusc  di  'Hisal .  c.    Keluse  collection, 
h.   Spra\ Mju  autl  logLiing.                                        d.    Weed  control. 

IS.   {<^2  I  )  W  liy  is  il  necessary  lo  identHy  11%  species  hcjoi  c  applying  chemical  control  measures'/ 

a  I'o  know  how  much  chemical  to  use. 

h.  I'o  avoiti  killing  tiesirahle  Hies. 

c  To  del  ermine  whether  or  not  to  use  a  residual  spra\  . 

d  i  o  know  wliai  to  use,  as  some  Hies  become  resistant  to  certain  chemicals. 

■I^>    {(^22)  W  an  environmental  sanitation  program  was  imt  suttieient.  which  ol  the  lollowing  would  be  uselnl  in 
reducnjg  lly  j>opulation  at  horse  stables? 

a     Myeoiils.  c.  Repellents. 

b.  Allractants.  Space  sprays. 
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S(J    ((>.\:)  WIkU  shouUI  Ix-  \  out  first  cnnirol  incasiiiv  in  ivtlucinu  ;i  l;ir;^c  scale  11  \  [Moblcin  in  a  base  housiniz  atva.' 

a  (  Diuacl  iDtal  hcallh  aulhorilics. 

b  r.ducaic  ivsiticiHs  in  ncl  ihcir  supjion. 

c  I  VrlDiin  a  dclailcd  survey  ol  ihc  aiva 

il  Hci^in  applyinir  space  sprays  on  a  Jaily  Inisis. 

>  I     {(>2^)  W  ha(  is  ilic  fntiin  nbjcciinn  lo  I  leas  / 

a.  \  Uv\  aniu>\  tlmncsiic  animals. 

b  riicN  cnntribulc  m  (he  brt-eJin^:  nl  nUier  pesis. 

e.  VUcy  are  v  eeiors  of  serious  tliseases. 

(1.  riiey  annoN'  humans. 

ihl})  W'hal  is  retjuiretl  by  a  I'emale  Ilea  before  she  ean  proJuee  eiziis? 

a.  A  hiootl  meal.  c.    I'lenly  ol  organic  tooJ. 

b.  A  (eniperaiuiv  above  72  '  \'.  d.    The  absence  sunligh 

V   ((>2  h  Which  ol  liiese  lleas  has  a  veriical  rodlike  Uilckennii:  in  die  inesi^pluron  and  no  iienal  or  pronolal  comb? 

i»    Human  il  a.  e.   Siickiiiihi  flea, 

b.   (  hiuue  Ilea.  d.    Orienial  ral  Ilea. 

>  I     ih2  \)  What  Hen  would  yini  exjK-ci  lo  lind  eausini:  derniaiiiis  and  allerizies  in  ils  viclims  at  a  western  U.S.  base  ' 

l>oi!Heii.  c.    Human  flea, 

»v   i  'M  flea.  d.    SlickJiuhl  Ilea. 

KO"^)  I  hc //r\r  sic[>  in  performinii  a  pesi  Ilea  survey  is  lo 

a.  locale  flea  "boi  spois.  *  * 

b.  Kvalc  all  possible  hosis. 

c    la>  a  while  cloih  on  ihe  lloor. 

d    hand  pick  fleas  for  laier  idcntiticaiion. 

*^(>    ((v'^i  Which  of  ihe  following:  is  nrtf  a  primary  siep  in  accomplishing  a  pesi  Ilea  survey? 

a  1  ocaie  all  {Possible  bi^sls  in  ibe  area. 

b.  Check  loi  flea  **hol  spois.** 

c.  Walk  ihronub  ihe  area  wearinii  while  siK'ks. 

d.  IVlerinine  ihe  liabils  of  hosi  animals. 

/    i(>2(>)  In  a  fleaborne  disease  prevenlinn  program,  the  primary  emphasis  should  be 

;i    i:eneral  saniialion.  e.    rodeni  eonirol. 

b.   Ilea  control.  d.  personalinnnuni/alion. 

-^S.   iUlh)  Inseclicidal  dust  patciies  around  rodent  burrows  shouki  be  hmv  thick  ii  a  fleabt)nie  disease  control 
proiiram 

a.  I  S  to  14".  c.  3/S  to  1  2". 

b.  I  1  lo  }  S".  J.  I  2  to  }  4". 
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((>-/)  W  hu  h  one  i>l  the  l«  »llnu  ini!  postieitle  ronnulatiixis  isniostcit'    ti\  c  loi  i>uidunr  iivai nieiu  toi  t leas  ' 

;i.    Dusls.  c.  iMiuilsions. 

h.   Snhilit>ns.  il.  Spr;i>s. 

U()    (()2S)  Whiii  type  ol" inctaiiiorphDsis.  il  any.  ilo  liec  uo  ilinuigh".* 

;i.   C'onipicte.  c.  CinukuiL 

h.    hu*onipletc.  d.  None. 

() I .   ((>2S)  Must  hee  spentl  most  ol  tlieir  lives  on 

;i.    hinls.  e.  reptiles. 

h.    inaniiiKils.  J.  amphibians. 

b2.   ((>2*>)  I  leati  and  bi>tl\  liee  are  primarily  tlepcndent  ujion 

a.  doi:bhnul.  e.    skunk  ^^lood. 

b.  bird  blood.  d.   human  blood. 

V   ((>2*))  The  U)tal  lile  eyele  ol  lieatl  and  body  liee  is  usually  eomplcted  in  about 

a.   ()  days.  e.    IS  days, 

h.    i:days.  d.    24  days. 

()  I    {(>M))  Whieh  statement  presents  a  eharaeteristie  oTerab  liee 

a.  1  liey  la\  eggs  along  tliiek  elothing  seams. 

b.  I  hey  aiv  olten  I'ound  on  dogs  and  eats, 
e.    riie\  survive  brieHy  away  from  the  host. 

d.  riiey  hibernate  during  the  winter  months. 

(>.*^.   {UM))  C'ral^  and  botiy  liee  are  eliielly  spread  by 

a.  hunuuis.  e.  birds. 

b.  roilenis.  ti.   tlogs  anti  eats. 

(>(>    ((.M  )  In  a  louse  eontrol  jirogram.  wliat  is  yourpriniarN  rcspDUsibi.  .t\ 

a.    luhieale  the  jK\>ple  involvetl. 
h     l  ake  eoneetive  sanitary  aetions. 

e.  SeMil  in  jested  j^eople  to  a  doctor. 

d.    Treat  nialtiesses.  baseboards,  and  toilets. 

<>7.   ((>.M  )  What  is  the  lu^st  treatment  lor  liee  in  rugs  and  Turniture 

a.  Uesitlual  sprays  and  dusts. 

b  riu>roughl\  vacuum  these  items. 

e  I  Ke  an  upholstery  slianij'joo  with  lindane. 

d.  Reduce  room  tenij^erature  to  .S.S"  h"  lor  S  houis. 

hS.   {(^M)  l-or  a  tick  lo  transmit  spotted  fever,  it  must  remain  attached  lor  more  tluui 

a.    one  hour.  e.    three  liours. 

b    two  hours.  d.    lour  hours. 
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h*)    l(^       \\  h;ii  (iv;Umcnt  is  ivquiivd  lor  tick  bile  |>;ira!ysis'.' 

;»  l\t*nu>w  tlic  tick  and  adniinislcr  suitable  antibioncs. 

U  hnniedialc  nictlical  attention  by  a  doctor. 

c  Kciuo\c  (lie  tick  and  a|^pl\  a  suitable  antiseptic. 

d  RenioNc  the  tick  and  appl\  suction  lo  remove  \cnoiiK 

7()    (()^^)  Which  t>ne  ot  the  lollDw  ini:  locations  is /ci/.s/  likel\  to  contain  larize  numbers  oT  hard  ticks  .' 

k\  VUc  iitouml  arountl  small  vegetation, 

b  Slirubl\\  areas. 

c.  Areas  alonii  paths. 

d .  I  )cep  \\ ooillands. 

/I .   ((v^  ^)  W  hat  is  meant  by  inlection  throuLih  iiiterruj'Xetl  feeding? 

a.  liii>lo,uical  Iransniission  IVoiii  inlected  ticks  to  healthy  animals. 

b.  Mechanical  transmission  of  disease  by  a  tick  leedini:  on  an  inlectetl  animal  and  then  leetling  on  a  healthy 
animal . 

c.  Hi(>loi:ical  transmission  ol  tlisease  by  a  tick  reeding  on  an  inrecied  animal  and  then  a  healthy  animal. 

d.  Mechanical  transrnission  IVom  an  inlected  tick  to  a  healthy  animal. 

'I?    {U  ^  I)  Which  choice  correctly  states  the  tle\  elo|imental  stages  ol'ticksV 

a.  I{i!g.  Iar\ a.  i^uixi.  atlult.  c.    Hgiz.  puj^a.  adu't. 

b    TgL' .  Iar\  a.  nymi'ih.  adult.  tl.    Hgg.  nymph,  adult. 

?  V       ^  I )  I  low  many  legs  does  the  seed  tick  have 

a-  c.  (^. 

b.  4.  d.  S. 

7  1    ((v^^ )  Which  i>l  the  i'ollowing  ad.ult  ticks  cling  to  low  vegetation  waiting  Tor  a  host  lo  come  alongV 

a.    American  dog  licks.  c.    Rela|>sing  lever  ticks, 

b    Kock\  Mountain  wooti  ticks.  tl.    Gull' Coast  ticks. 

7S.   ((i  ^.^j  Which  listed  tick  has  a  ri>ugiienetl .  wart\  appearance  and  a  liy|-)ostome  w  iih  \\  ell -tle\  eloped  teeth  ? 

a.  American  dog  tick.  c.    Relapsing  lever  tick . 

b.  Rocky  Mountain  wootI  tick  .  tl.   CjuIT  Coast  tick  . 

7().   ((vMo  l  or  a  tick  survey  .  a  lick  tirag  shouki  be  draggetl  lor  a  distance  ol' about 

a.    :5lecl.  c.    73  Icet. 

b     •SOleet.  tl.    1(H)  reel. 

77.  ( )nc  method  ol  tietermining  the  tiegree  oTtick  inlestalion  is  to 

a.  check  with  the  hospital. 

b.  spray  and  collect  the  tiead  ticks. 

c.  use  a  tick -attracting  trap. 

d.  pick  the  ticks  from  die  host  animal. 

7S.   (()^(^)  1 1  >w  inuci:  tick  re|">ellem  is  needetl  to  wet  a  comiileic  uiiironii'.^ 

a.  1  pint.  c.    3  pints. 

b.  ^  pints.  tl.   4  |>inls. 
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7').   {U  >(o  WluU  l;Uoi:oi  ics  ol  IPM  Iciul  I  he  ni  selves  lo  comrolliiii!  licks  in  oiild(nir  siiiuit  ions 

;r  C'lilluiiil  ;nul  eheniiciil. 

U  (  'uUiM  ;j|  ;mu1  nieelKuiie;»l . 

e  C  ulUiiiiL  eheniK  jI.  ;nKl  niechiuuciil. 

(I.  C'uIiuijL  eheinie;il.  and  biolngieal . 

50.  ((vW)Seleel  ihe  inlernietliiUe  hosK s )  ol  eeruiiu  lapewornis. 

;i.    Ueelle  mile.  e.    Biixl  iuul  eliieken  !Miies . 

h.    I  louse  (liisi  mile.  tl.   ( irain  ;nKl  eheese  miles . 

SI     (UM)  W'liieli  mile(s)  ir;nismil(s)  riekeUsi;il|>o\  lo  Iuhikmis.' 

;i.    UinI  iuul  eliieken  miles, 
h.    I  louse  mouse  mile, 
e    (ii;nn  jikI  cheese  miles, 
il.    Sii;i\\-ilch  mile. 

SJ*    (dW)  Which  mile  does /fr;/  bile  man.  mmsmil  diseas  .  ordanuiiie  loodsiulTs? 

a.  House  mouse  mile.  c.    Siraw -iich  mile, 
h.    Bird  and  chicken  miles.                                      ».L  Chnermiie. 

S  V   ((v^S»  Which  choice  coircctly  presenis  ihe  Slavics  of  mile  developmeni  ? 

a     I'lii:.  hu\a.  n\niph.  adult.  c.    Hgi!.  nymph,  adull. 

b.  larva,  pupa.  aLlull.  lI.    Larva,  pupa,  adull. 

51.  ((v^S  )  ( 'hiiiucrs.  tollicle  miles,  and  spider  miles  are  examples  oT  miles  in  whieii  subori^ler? 

a.    .\f('Mt.Mf\^fffn!i(.  c.   Sarcopfifanfuw,  m 

b     /ro/HhfiI(l()rfHt'.\\  tl.    Oniitluijonncs .  ^ 

SS  Whicli  t)!  ihe  lollowinu  miles  can  be  ideniitied  by  large  dorsal  and  anal  pkiles.  shori  sternal  plaie.  and 

need  Ic  li  k  c  c  he  I  i  cc  rac 

a.  ( 'hickcn  miles.  c.   drain  and  lloui  niiics. 

b.  Straw-iich  miles.  lI.    Tropical  rai  miles. 

S(v  W  hich  miles  are  liny,  pale  gray  or  yellowish-whiie .  and  ha\e  conspieious,  long  hairs? 

a.  ( irain  anti  Hour  miles.  c.    Itch  miles. 

b.  1  louse  mouse  miles.  d.    Northern  low  I  miles. 

S7    ((vID)  Black  glass  plates  or  cardboard  rectangles  are  used  in  sur\e>  ing  areas  infested  with 

a.    house  mouse  miles.  c.  chiggers. 

1>.    biid  mites.  d.    Hour  and  grain  mites. 

SS    ((vIO)  Burlese  Tunnels  car  i">e  u.sed  to  .survey  for  all  of  these  mites  cM  CjU 

a.  chigger  mites.  c.    Hour  mites. 

b.  i:rain  mites.  d.    bird  mites. 
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SM  I  )  \\\]\ch  O!  the  lolUlVV  MIL!  MK^SlUVS  Wllllkl  lu*  Uu!M  likciv  llscd  tl^  IvdllCC  IIk*  ^  j>Oinil;mvMl  111  \o\\\  \  A\k\  ' 

;i  Spi;i\iiiij  \vilhclh\  l  lK*\;iiKHi inl . 

!>  l  lniinKUini:  lall  weeds. 

e  i  KippHiL'  iDtknis. 

d  KecpiiiL'  Uiw  ns  eloscK  cr.t. 

*  I  >  I      iiiDsl  hvL|neiul\  iisci!  <.  heinic;ii  ci)ii(it)l  meliiod  used  [o  rediiee  mile  pnj^idalioMs  m  biMldmi's  is 

loiJi^in,^  c.    spot  lieiilnieiit. 

U.    lmnii:;moii.  J.    sjira\  ini:  eiiii  \  points. 
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Preface 


THIS  FIFTH  VOLUME  of  CDC  56650  will  teach  you  about  many  of  the  pests  which  have  a 
i"Ut:M;tii  i,,ii;t,  -i  wu  iiio  Air  Force. 

Chapter  1  discusses  stored-pnxiuct  pests  such  as  those  which  attack  stored  foods  and 
fabrics.  These  pests  are  grouped  according  to  the  types  of  products  they  attack;  so,  instead 
of  beetles  and  moths  separately,  you'll  see  that  both  are  mingled  together  throughout  the 
chapter. 

In  Chapter  2,  you'll  study  economic  i>ests  which  attack  stn'ctures.  This  includes 
subterranean  and  nonsubterranean  tennites,  wood-destroying  fungi,  and  wood-boring 
insects. 

Ornamental  and  turf  pests  are  discussed  in  Chapter  3.  Many  of  these  pests  are  arranged 
according  to  how  they  attack  various  types  of  vegetation  (e.g.,  skeletonizing  defoliators, 
mining  defoliators,  or  pests  which  attack  grass  and  stems).  You  may  want  to  prepare  an 
outline  of  the  subject  headings  to  help  you  categorize  each  pest  according  to  the  way  it 
works.  Included  in  this  chapter  are  mostly  fungal  plant  diseases;  these  fungi  will  be  very 
different  from  those  you  study  as  wood-destroying  pests. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the  Air 
Force . 

This  volume  *s  rated  at  39  hours  (13  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  May  1984. 
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CHAPTER  1 


Pests  of  Stored  Products 


THERE  ARE  MANY  insects  important  as  stored-product 
pests  to  the  civilian  coniniunit>'  and  to  the  Air  Force.  The 
majority  of  them  arc  in  either  the  order  Coleoptera,  the 
beetles,  or  the  order  Lepidoptera,  the  moths.  These  pests  fall 
into  two  groups  according  to  the  type  of  product  they 
generally  infest:  pests  that  intest  fabrics  and  those  that  infest 
foods. 

Insects  steal  our  food,  infest  our  dwellings,  and  damage 
our  property.  Through  the  centuries,  an  increasing  number 
of  insects  have  adapted  to  indoor  life,  preferring  buildings 
because  of  the  moderate  temperature,  plentiful  food  and 
water,  and  abundant  harborage.  Economically,  the  second 
most  costly  pests  at  military  installations  are  the 
stored-product  pests.  These  pests  destroy  a  variety  of 
products  composed  of,  or  derived  from,  materials  of  plant  or 
animal  origin.  Damage  may  occur  at  the  point  of  origin,  in 
transit,  or  in  storage.  This  chapter  covers  the  more  important 
pests  within  each  group  with  physical  descriptions  and 
important  information  about  their  habits  and  life  cycles.  It 
also  gives  the  survey  and  control  procedures. 

1  -1  •  Pests  of  Stored  Foods 

Stored  food  pests  rob  U.S.  citizens  of  about  $1  billion 
worth  of  stored  food  each  year,  and  this  cost  doesn't  even 
count  their  damage  to  crops  in  the  field  or  the  human  and 
domestic  animal  diseases  they  cause.  Stored  food  pests  fall 
into  five  groups  based  on  their  feeding  habits:  those  that 
attack  whole  grains,  attack  broken  grains,  attack  beans  and 
peas,  attack  meaxs  and  cheese,  and  are  general  feeders.  You 
will  learn  about  the  habits,  habitats,  and  control  of  these  pests 
in  this  section. 


800.  Verify  or  correct  given  statements  about  the  physical 
descriptions  and  habits  of  whole  grain  pests. 


Whole  Grain  Pests.  The  pests  discussed  this  lesson  are 
those  that  principally  infest  whole  grain.  The  rice  weevil 
(Sitophilus  oryza)  is  worldwide  in  distribution  and  is 
probably  the  most  important  grain  pest.  This  small, 
reddish-brown-to-black  snout  beetle  (fig.  1-1)  is  from  3. 1  to 
4.2  nmi  long  and  has  small,  round  pits  on  the  thorax  and  two 
reddish  or  yellowish  spots  on  each  wing  cover.  The  larva  is 
short,  fat,  and  whitish.  The  adult  is  a  strong  flier.  The  larva 
and  pupa  develop  within  a  single  grain  of  rice  or  kernel  of 


com,  from  which  the  adult  weevil  emerges  about  30  days 
aflcx  the  egg  is  laid.  The  adult  female  lives  4  to  5  n>.onths, 
depositing  300  to  400  eggs  in  small  openings  bored  into 
grain.  The  rice  weevil  feeds  on  com,  rice,  wheat,  barley,  and 
other  grains.  This  weevil  is  a  major  pest  in  the  South. 

The  granary  weevil  (Sitophilus  granarius)  is  similar  to  the 
rice  weevil  in  appearance,  but  it  has  oval  pi  s  on  the  thorax 
and  the  wijig  covers  arc  uniformly  dark  brown.  This  insect 
has  become  thoroughly  domesticated,  losing  its  power  of 
flight  and  forsaking  wild  and  cultivated  grain  fields  for  grain 
storehouses.  This  snout  beetle  is  slightly  larger  than  the  rice 
weevil  and  lives  7  to  8  months.  The  granary  weevil  is  mainly 
a  pest  in  the  North. 

The  cade  lie  (Tenebroides  Mauritanicus)  is  black  beetle, 
8.3  to  12.5  mm  long,  with  the  head  and  pronotum  distinctly 
separated  from  the  forewings  by  a  loose  joint  (fig.  1-1).  The 
large,  whitish,  fleshy  larva  is  about  19  mm  long  when  fully 
grown,  and  you  can  recognize  it  by  it's  prominent  black 
head,  the  paired  black  spots  on  the  three  segments  of  the 
thorax,  and  two  short,  dark  hooks  at  the  posterior  end. 
Larvae  burrow  into  the  woodwork  of  grain  bins.  A  seemingly 
clean  bin  may  harbor  thousands  of  larvae,  pupae,  and  adults. 
The  life  cycle  takes  2  to  14  months,  with  many  adults  living 
more  than  a  year.  The  females  lay  about  1,000  eggs  in 
protected  situations,  such  as  in  cracks  near  food.  Cadelles 
feed  on  grain  and  grain  products  and  are  especially  injurious 
in  unclean  mills. 

The  lessser  grain  borer  (Rhyzopertha  dominica)  is  a 
brown  or  black,  slender,  cylindrical  beetle  with  numerous 
coarse  elevations  on  the  pronotum  (fig.  1-1).  It's  about  3  mm 
long  and  is  most  common  in  the  Gulf  States,  but  it  may  occur 
anywhere  in  the  country.  Both  larvae  and  adults  attack  and 
destroy  wheat  kernels.  The  females  lay  up  to  500  eggs  each, 
dropping  them  in  the  loose  grain.  In  warm  weather,  the  life 
cycle  takes  about  1  month. 

The  Angorvnois  grain  moth  (Sitotreoga  cerealelia)  is  a 
light-grayish-brown  or  straw-colored  moth  with  a  satiny 
luster  and  wing  expanse  of  12.5  to  16.6  mm.  The  hind  wings 
are  fringed  with  long,  dark  setae  and  have  a  point  at  the  tip 
like  a  finger  (fig.  1-2).  This  feature  distinguishes  the  insect 
from  the  clothes  moth.  The  larva  is  white  with  a  brown  head. 
It  is  only  5  mm  long  and  lives  within  the  individual  grain  of 
wheat,  com,  or  other  grain.  It  passes  the  winter  in  stored 
grain.  The  adult  emerges  and  infests  cereal  crops  either  in  the 
field  or  in  storage  and  deposits  about  40  eggs.  The  entire  life 
cycle  may  be  passed  in  5  weeks.  The  Angoumois  grain  moth 
is  second  in  importance  to  the  rice  and  granar>  weevils  as  a 
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Figure  1-2.  Wing  patterns  of  some  common  moth  pests  of  stored  products. 
Right:  the  Indian  meal  moth;  Center:  the  Mediterranean  flour  moth.  Left: 
the  Angoumois  grain  moth. 


8.  The  Angoumois  grain  moth  is  a  light-grsyish- 
brown  or  straw-colored  moth  with  a  satiny 
luster. 


9.  The  larvae  of  the  Angoumois  grain  moth  is  black 
with  a  brown  head  and  lives  wittun  the  individual 
grain  of  wheat,  com,  or  other  grain. 


pest  of  stored  grain.  It  is  of  greatest  importance  in  the  South 
and  in  the  soft,  red,  winter  wheat  region  of  the  Eastern  and 
Central  States. 


Exercises  (800): 

Mark  each  statement  true  (T)  or  false  (F),  and  correct  any  that 
are  false. 

  1.  The  rice  weevil  is  a  small,  reddish-brown-to- 
black  snout  beetle  with  small,  round  pits  on  the 
thorax  and  two  reddish  or  yellowish  spots  on 
each  wing  cover. 


2.     The  adult  rice  weevil  emei^ges  abcut  30  days 
after  the  egg  is  laid. 


3 .  The  granary  weevil  is  similar  to  the  rice  weevil  in 
appearance,  but  it  has  oval  pits  on  the  thorax  and 
the  wing  covers  are  uniformly  dark  brown. 


4.     The  granary  v/eevil  often  frequents  the  Southern 
States. 


5.  The  cadelle  is  a  black  beetle  with  its  head  and 
pronotum  distinctly  separated  from  its  forewings 
by  a  loose  joint. 


6.  The  lesser  grain  borer  is  a  white  or  grey,  slender, 
cyi^drical  beetle  with  numerous  coarse  elevations 
on  the  pronotum. 


7.     In  warm  weather,  the  lesser  grain  borer  life  cycle 
is  completed  in  about  1  month. 


801.  Verify  or  correct  statements  about  the  physical 
appearance,  importance,  and  development  of  important 
broken  grain  pests. 


Broken  Grain  Pests.  These  pests  we  discuss  here 
principally  infest  processed  grains,  such  as  cereal,  flour,  and 
com  meal.  The  confused flour  beetle  (IHbolium  conjusum)  is 
the  worst  insect  pest  of  prepared  cereals.  It  is  a  shiny, 
reddish-brown  beetle,  3.5  mm  long  with  a  flattened,  oval 
body.  The  head  and  the  thorax  are  densely  covered  with 
minute  punctures,  and  the  wing  covers  arc  ridged  lengthwise 
and  are  sparsely  punctured  between  the  ridges.  Each  antenna 
gradually  enlarges  from  head  to  tip.  This  beetle  isn't  known 
to  fly  even  though  it  has  wings.  The  female  lays  her  eggs  on 
the  food  surface  with  a  sticky  substance  so  that  it  becomes 
covered  with  the  product.  They  will  hatch  in  5  to  12  days. 

The  larva  is  somewhat  cylindrical  in  shape  and  is  about 
1/4  inch  long  (fig.  1-3).  It's  a  yellowish-white  color  except 
for  the  darker  mandibles  and  the  pair  of  projections  arising 
from  the  last  abdominal  segment.  The  head  is  flattened  so  that 
the  mouth  opening  is  forward. 

The  red  flour  beetle  (THbolium  casteneum)  is  very  similar 
to  the  confused  flour  beetle  in  its  life  history,  habits,  and 
appearance.  This  similarity  probably  accounts  for  the 
naming  of  the  confused  flour  beetle.  Ev^n  though  they  are 
very  similar,  there  arc  some  morphological  differences 
between  the  two.  For  example,  the  last  three  segments  of  the 
red  flour  beetle's  antennae  are  abruptly  enlarged,  and  the 
sides  of  its  thorax  arc  curved  instead  of  being  somewhat 
straightened,  as  witli  the  confused  flour  beetle.  In  addition  to 
these  differences,  the  red  flour  beetle  does  fly. 

The  Mediterranean  flour  moth  (Anagasta  kuhniella) 
prefers  cereal  products,  but  it  will  attack  a  wide  variety  of 
foods,  including  whole  grain,  bran,  nuts,  and  dried  fruits. 
With  this  species,  adults  are  quite  difficult  to  distinguish 
from  a  number  of  similar  species.  It  has  a  wingspread  of  less 
than  25  mm.  The  forewings  are  pale  gray  with  transverse, 
wavy,  black  markings  (fig.  1-2).  The  hindwings  are  a 
dirty-white  color.  The  whitish  larva  (fig.  1-3)  is  about  12.5  mm 
long  with  a  brown  head.  It  lives  in  a  silken  tube,  and  its 
silk  clogs  machinery  and  tangles  flour,  nuts,  chocolate,  dried 
fruit,  and  other  foods. 

The  Indian  meal  moth  (Plodia  interpuctella)  prefers 
coarse  grades  of  flour  and  milled  products,  but  it  will  attack  a 
wide  variety  of  dry  food  products.  This  moth  has  a 
wingspread  of  about  19  mm  and  is  easily  recognized  by  the 
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A  pictorial  key  to  the  larval  stages  of  some  of  the  more  common  insect  pasts  o<  stored  grain  and  other  food 


Mjd'Ut»  st'»|™»«nt^  of  atHJomen  with  proleqs 


f'roleqs  very  short 
larviie  wi  thin  <)r,%\n 


Prolegs  normal 
Urvae  outs  Ide  ijra  m 


!  ; 


HedO  -Undrawn  into  boOy  to  b<is»>  of  .urtofi-nlfs 


><»Md  not  withdrawn  uun  t>u1  y 


ANGOUHQiS  GflAIN  HOTH 
I  


I  . 


LESSER  GRAIN  BORER 


Head  pointed  forward 


Mead  pointed  downward 


Dark  areas  at  bases 
of  several  setae 


Dark  areas  at  bases  of 
very  few  setae 


INDIAN  MEAL  HOTM 


HEOIURRANtAN  FLOUH  HOTH 


Tip  of  abdomen  witb  «  pair 
of  distinct  taoering  pro- 
cesses on  upper  (dorsal)  side 


Tip  of  abdomen  without  a 
pair  of  processes  at  tip 


Processes  on  tip  of  atxjomen  not  fused  at 
base;  not  arising  from  \  distinct  plate 


Processes  on  tip  of  abdomen  fused  at 
base;  arising  from  a  definite  olate 


IID> 


tioskeleton  stiff  and  pigmented 


Exoskeleton  soft  and  whitish 


Upper  side  of  thorax  without 
distinct,  dark,  hardened  areas 
FLAT  GRAIN  BEETLE 


Upper  %lde  of  t^ora):  with  distinct, 

dark,  hardened  areas, 

CADELLE 


Legs  absent;  lower  side  of  body  straight.      Legs  present;  upper  and  lower 
RED  FLOUR  BEETLE  AND  CONFUSED  FLOUR  BEETLE    upper  side  of  body  rounded  sides  of  body  parallel 


Exoskeleton  deeply  pigmented; 
very  dark  brown  to  black 
DARK  MCALUORM 


Exuskeleton  yellowish  to  golden  brown 
YELLOW  MEALilORH 


Two  crosswise  creases  on  top  of  first 
four  abdominal  segments 
GIO^^RY  WEEVIL 


Two  crosswise  cresses  on  top  of  first 
three  abdominal  se^nents 
ffRnwEEVIL 


Without  spear-tipp«d  setae  arising  fro*  abdomen 
1  


Body  hairs  not  v*ry  numerous,  short 
in  relation  to  diameter  of  body 


Body  hairs  rather  ni*nerous  and  long  in 
relation  to  diameter  of  body,  giving 
larva  a  somewhat  "furry"  appearance 


— I 

Upper  side  of  abdomen  with  dense 
tufts  of  spear^tipped  setae 
arising  from  surface  of  terminal 
segments   


TROGODERHA  SP. 


DRUG  STOAE  BEETLE 


Setae  on  front  of  head  not 
In  a  face>1ike  pattern 


Setae  on  front  of  head  set  in  such  a  way 
that  a  face-like  appearance  eni^ts 


MEZIUW  SP.   (A  SPIOEH  BEETLE) 


Clui::cTTt  BEETLE 


Figure  1-3.  Larval  stages  of  common  insect  pests  of  stored  foods. 
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distinctive  markings  on  the  forewings.  These  wings  are 
reddish  brown  with  a  coppery  luster  on  the  outer  two-thirds 
and  whitish  gray  on  the  upper  third  (sec  fig.  1-2).  The  tiny, 
white,  brown-headed  larvae  spin  a  silken  thread  that  forms  a 
loose  webbing  you  can  readily  detect  in  a  heavy  Infestation. 

The  flat  grain  beetle  (Cryptolestes  pusillus)  is  the  smallest 
of  the  grain-infesting  insects.  Adults  are  flattened,  oblong, 
reddish  brown,  and  about  1/16  inch  long.  The  antennae  aie 
slender  and  are  about  two-thirds  as  long  as  the  body.  The 
larva  is  a  little  less  than  1/8  inch  long.  The  abdominal 
segments  are  about  1  times  as  wide  as  the  thorax,  and  the 
last  segment  of  the  abdomen  bears  a  pair  of  distinctly 
sclerotized,  hooklike  structures  that  are  joined  at  the  base. 
These  processes  arid  the  head  are  brown,  while  the  rest  of  the 
body  is  nearly  white.  The  flat  grain  beetle  is  widespread  and 
is  one  of  the  most  common  pests  of  stored  grain,  but  it  can't 
attack  sound,  uninjured  kernels.  For  this  reason,  it  is  often 
found  in  combination  with  other  grain  pests. 


8.     Indian  meal  moths  prefer  fine  grades  of  flour 
and  milled  products. 


9.  The  forewings  of  the  Indian  meal  moth  are 
reddish  brown  with  a  coppery  luster  on  the 
outer  two-thirds  and  whitish  gray  on  the  upper 
third. 


10.  Flat  grain  beetles  can  only  attack  previously- 
damaged  grains,  so  are  found  mostly  with  other 
grain  pests. 


Exercises  (801): 

Mark  each  statement  true  (T)  or  false  (F),  and  correct  any 
false  ones. 

  1 .     The  confiised  flour  beetle  attacks  cereal 

products  and  is  the  worst  insect  pest  of 
prepared  cereals. 


2.     The  confiised  flour  beetle  is  shmy  and  reddish 
brown,  with  a  flattened,  oval  body. 


3.     Apparently,  the  confiised  flour  beet:  i  docs  not 
fly,  even  though  it  has  wings. 


4.     The  last  three  segments  of  the  red  flour  beetle's 
antennae  are  much  smaller. 


5.     Apparently,  the  red  flour  beetle  docs  not  fly, 
even  though  it  has  wings. 


6.  The  Mediterranean  flour  moth  prefers  cereal 
products,  including  whole  grain,  bran,  nuts, 
and  dried  fruit. 


802.  Give  details  of  the  identification,  life  cycle,  and 
feeding  habits  of  the  bean  weevil  and  the  pea  weevih 


Pests  of  Beans  and  Peas,  Although  several  arthropods 
attack  beans  and  peas,  only  two  are  significant  to  you.  Both 
are  weevils  that  are  actually  beetles  (order  Coleoptera)  with 
snouts.  The  bean  weevil  (Acanthoscelides  obtectus)  has  a 
short  snout  and  feeds  on  stored  beans  and  peas.  The  adult  is 
about  3  mm  long  with  reddish  legs  and  a  light  olive-brown 
color,  mottled  with  darker  brown  and  gray.  The  body 
narrows  evenly  toward  the  head.  The  tiny,  legless  larva  and 
pupa  live  within  the  bean,  whereas  the  adult  emerges  from 
the  bean  and  feeds  on  other  materials.  The  female  deposits 
eggs  in  beans,  both  in  the  field  and  in  storage.  Six  or  seven 
generations  may  be  completed  in  a  year.  As  many  as  28 
weevils  have  been  known  to  develop  in  one  bean.  The  use  of 
tight  sacks  has  been  found  to  afford  considerable  protection. 
Bean  vines  and  other  refiise  should  be  burned  in  the  field  or 
plowed  under  to  prevent  propagation  of  this  insect.  The 
adults  hibernate  in  fields  and  warehouses. 

The  pea  weevil  (Bruchus  pisorum)  is  similar  to  the  t>ean 
weevil  but  is  larger  (S  mm  long),  brownish  flecked  with 
white,  and  it  has  black-to-gray  patches  of  scales.  There  is  one 
generation  per  year,  the  adults  overwintering  in  peas  in  the 
field  or  in  storage.  Egg  deposition  occurs  only  in  the  field. 
House  mice  eat  pea  weevils  by  cracking  open  the  infested 
pea,  eating  the  weevil,  and  discarding  the  pea. 

Exercises  (802) 

1.    What  are  the  identifying  characteristics  of  the  bean 
weevil? 


Mediterranean  flour  moths  are  pale  grey,  with 

transverse,    wavy,    black   markings.   The       ^     ^  .u    r  ^-     u  u .        ^  , 

hindwings  arc  a  dirty-white  color.  Compare  the  feeding  habits  of  adult  and  larval  bean 

weevils. 
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3.    How  many  generations  of  bean  weevils  can  be  produced 
in  a  year,  and  how  many  can  develop  within  a  bean? 


4.    List  the  identifying  characteristics  of  tb      a  weevil. 


5,    Where  does  the  female  pea  weevil  deposit  her  eggs? 


803.  Identify  meat  and  cheese  pests  by  physical 
description^,  signitlcaRce,  and  feeding  habits. 

Pfests  of  Meat  and  Cheese.  These  pests  principally  infest 
the  products  of  animal  origin.  The  larder  beetle  (Dermestes 
lardanus)  is  about  8  mm  long,  dark  brown,  with  a  wide 
yellow  band  across  the  front  part  of  the  wing  cover.  The  larva 
IS  brown,  very  hairy,  tapering  towards  the  ends  of  the  body 
This  insect  is  worldwide  in  distribution.  The  eggs  arc  laid  on 
or  near  animal  products,  such  as  feathers,  horns,  skins,  hair 
ham,  bacon,  dried  beef,  and  like  pnxfucts.  The  life  cycle 
requires  40  to  50  days.  This  insect  may  be  found  in  dog 
biscuits,  cheese,  museum  specimens,  dried  fish,  and  stored 
tobacco.  It  is  also  known  to  penetrate  lead. 

The  red-legged  ham  beetle  (Necrobia  rafipes)  is  a 
shiny-blue-to-green  beeUe,  3.5  to  6.2  mm  long,  with  reddish 
legs  (fig.  1-4).  It  is  especially  troublesome  in  the  Middle 
AUantic  States.  The  adults  usually  disperse  by  rapid  running, 
but  they  can  fly.  The  mature  larva  is  about  10  mm  long' 
purplish,  with  six  short  legs,  and  it  tapers  toward  the  head' 
The  life  cycle  usually  takes  36  to  150  days.  The  female  lays 
400  to  1,000  eggs  on  exposed  meat.  Thus,  hams  must  be 
wrapped  immediately  after  smoking.  The  larva  can  perforate 
grease-soaked  paper  wrappings.  This  pest  lives  primarily  on 
dead  and  decaying  animal  matter,  but  it  is  sometimes 
reported  in  groceries  and  warehouses  in  smoked  ham,  bacon, 
garlic,  bone  meal,  and  other  materials. 

The  cheese  maggot  is  a  fly  (Piophila  casei)  about  the  size 
of  a  housefly  and  is  often  called  a  cheese  skipper  (fig.  1-5) 
The  adult  is  black  with  a  bronze  tint  on  the  thorax.  It  has 
reddish-brown  eyes  and  iridescent  wings  that  lie  flat  over  the 
body.  The  larva  is  a  slender  maggot,  pointed  toward  the  head 
end.  The  larva  can  skip  as  far  as  10  inches  horizontally  and  6 


Figure  1-5,  Cheese  miiggot. 

inches  vertically  by  curving  it-  oody  into  a  ring,  fastening  its 
mouth  hooks  onto  the  end  of  it^  abdomen,  suddenly  releasing 
Its  hold,  and  throwing  itself  into  the  air.  The  life  cycle  of  the 
insect  is  completed  in  12  days  unJer  favorable  conditions 
The  adult  deposits  140  to  500  eggs  over  a  period  of  3  to  4 
days.  This  insect  infests  ham  and  cheeses.  The  adults  can 
transmit  enteric  diseases  to  man  by  contamination,  and  the 
maggots  cause  intestinal  irritation  when  ingested  with 
cheese  The  recognized  common  name  *  *cheese  skipper' '  is  a 
misnomer  for  this  pest,  since  true  skippers  are  mothlike 
Lepidoptera. 


Exercises  (803): 

Indicate  whether  each  statement  applies  to  the  larder  beetle, 
the  red-legged  ham  beetle,  or  the  cheese  maggot. 


1. 


5. 


Figure  1^.  Red-legged  ham  beetle. 


The  adult  is  shiny  blue  with  reddish 
legs. 

The  larva  is  brown,  very  hairy,  and 
tapers  towards  the  end  of  the  body. 
The  adult  is  black  with  a  bronze  tint 
on  the  thorax,  reddish^B^&wn  eyes, 
and  iridescent  wings  that  lie  flat 
over  the  body, 

8  mm  long,  dark  brown,  with 
yellow  band  across  the  front  part  of 
the  wing  cover. 

The  larva  has  six  short  legs  and 
tapers  toward  the  head. 
The  larva  is  a  slender  maggot, 
pointed  toward  the  head  end. 


804.  Verify  or  correct  statements  about  general  feeder 
pests. 


General  Feeder  Pfests.  Even  though  many  of  the 
stored-product  pests  we've  covered  may  infest  a  variety  of 
products,  they  are  considered  to  be  specific  in  food  choice. 
This  preference  is  not  the  case  with  the  general  feeders.  The 
saw-toothed  grain  beetle  (Oryzaephilus  sunnamensis)  is  an 
important  pest  known  throughout  most  of  the  worid.  The 
adult  is  a  small,  active,  brown  beetle,  2.5  mm  long,  with  a 
flattened  body  and  six  saw-toothed  projections  on  each  side 
of  the  thorax  (fig.  1-1).  The  larva  is  yellowish  white,  about 


3  mm  long,  with  a  brown  head  and  an  abdomen  tapering 
toward  the  tip  (fig,  1-3),  The  female  lives  for  6  to  10  months, 
depositing  45  to  285  eggs  in  foodstuff.  Several  generations 
may  occur  each  year,  as  the  life  cycle  requires  only  3  to  4 
weeks  during  the  summer.  The  saw-toothed  grain  beetle  is  an 
important  pest  in  food  stores,  warehouses,  and  grain  storage. 
It  readily  penetrates  packaged  cereals,  dried  fiui^s,  and 
candies.  It  also  attacks  flour,  meal,  sugar,  drugs,  dried  meat, 
and  tobacco. 

The  cigarette  beetle  (Lasioderma  serricome)  is  principally  a 
pestof  tobacco,  but  it  will  feed  on  many  other  products  as  was 
evidenced  by  its  presence  in  the  tomb  of  TUtankhamen  in 
Egypt.  This  small,  oval,  light-brown  beetle  is  2,5  mm  long 
with  smooth  wing  covers  (fig.  1-1).  The  head  is  retracted 
beneath  the  thorax.  This  beetle  readily  flies.  The  larva  is 
yellowish  white,  curved,  very  hairy,  with  a  light  brown  head, 
and  is  about  4.2  mm  long  (fig.  1-3).  The  life  cycle  takes  6  to 
12  weeks,  and  there  may  be  5  to  6  overlapping  generations 
per  year  in  warm  areas,  but  only  one  in  cooler  regions.  The 
female  deposits  as  many  as  100  eggs  in  tobacco,  grain,  milled 
cereals,  and  other  products.  This  insect  infests  upholstered 
furniture,  feeds,  dried  plants,  drugs,  black  and  red  pepper, 
pyrethrum  powder,  raisins,  rice,  and  many  other  commodities. 

The  drug  store  beetle  (Stegobium  paniceum)  (fig.  1-1)  is 
similar  to  the  cigarette  beetle  in  appearance,  but  it  is  slightly 
larger  (2.5-3  mm  long),  and  its  wing  covers  are  distinctly 
straited  (grooved).  The  last  three  antennae  segments  are 
sawliKe.  Its  food  is  even  more  varied  than  that  of  fhe  cigarette 
beetle,  and  it  is  said  to  feed  upon  * 'almost  anything  except 
cast  iron.''  Its  peculiar  diet  includes  such  odd  materials  as 
strychnine,  belladonna,  books,  mummies,  and  lead.  (Have 
you  met  any  active-duty  mummies  lately?) 

The  khapra  beetle  (Thogoderma  granarium)  is  pale  red  to 
brown  or  black,  from  1 .7  to  3  mm  long.  Females  are  much 
larger  than  males.  The  female  lays  up  to  126  eggs,  which 
hatch  yellowish-brown  larvae  with  long  setae.  The  larva 
develops  into  a  pupa  and  the  pupa  into  an  adult.  The  life  cycle 
requires  about  6  weeks  during  warm  weather.  The  larvae 
may  live  for  years  without  food.  Khapra  beetles  feed  on  dried 
vegetable  or  animal  matter  of  all  kinds.  Only  limited  parts  of 
the  United  States  are  known  to  be  infested  at  this  time.  If  you 
suspect  any  of  these  beetles  in  your  area  (they're  very  hard  to 
identify),  you  must  report  it  immediately  to  the  U.S. 
Department  of  Agriculture. 


Exercises  (804): 

Correct  any  statements  that  are  false, 

  1,     The  adult  saw-toothed  grain  beetle  is  a  small, 

active,  brown  beetle  with  a  flattened  body  and 
four  saw-toothed  projections  on  each  side  of  the 
thorax. 


2.     Its  larva  is  yellowish  white  with  a  orown  head 
and  an  abdomen  tapered  towards  the  tip. 


3,     The  cigarette  beetle  is  a  small,  oval,  light-green 
etle  with  smooth  wing  covers. 


4,     Its  larva  is  yellowish  white,  curved,  very  hairy, 
with  a  light-brown  head. 


5,     The  drug  store  beetle  is  similar  to  the  khapra 
beetle  in  appearance. 


6,     The  dnig  store  beetle  diet  includes  strychnine, 
belledonna,  books,  and  lead. 


The  female  khapra  beetle  is  much  larger  than  the 
male. 


The  khapra  beetle  larva  may  live  for  years 
without  food. 


805.  State  survey  and  inspection  principles  for  stored- 
food  pests. 


Surveys  and  Inspection  Ibchniques*  The  dry  stores  area 
is  probably  the  most  overlooked  food  service  area  from  a  pest 
management  point  of  view.  The  insects  that  infest  dry  stores 
may  not  be  easy  to  spot  in  light  infestations,  but  heavy 
infestations  can  be  nauseating.  The  monetary  loss  of  foods 
due  to  insect  infestations  can  run  into  hundreds  of  dollars  and 
deprive  people  of  certain  food  items  until  replacements  are 
available. 

Surveys  are  a  vital  part  of  any  pest  management  progiam, 
A  good  survey  program  not  only  helps  you  control  a  current 
infestadon,  but  helps  you  prevent  future  infestations.  Work 
with  base  veterinarian  inspectors  to  inspect  (visually)  all 
incoming  goods  susceptible  to  insects.  If  a  heavy  infestation 
is  present  at  time  of  receipt,  the  load  should  be  rejected.  A 
light  infestation  detected  at  this  time  would  indicate  a  need 
for  treatment  before  these  items  are  stored. 

These  guidelines  for  determining  the  fitness  of 
insect-infested  subsistence  items  for  human  consumption 
have  been  approved  by  the  Surgeon  Generals  of  the  military 
services: 

•  When  an  infestation  includes  larval  stages  of  an  insect 
species  of  genus  Trogoderma  or  other  dermestids,  one 
insect  within  the  product  is  justification  for 
condemnation, 

•  For  the  genus  Tribolium,  three  insects  per  pound 
within  the  product  container  justifies  condemnation. 
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•  For  insects  other  than  these  two  genera,  a  maximum  of 
six  insects  per  pound  of  product  is  permissible. 

•  For  all  resale  subsistence  to  be  sold  at  military 
commissary  or  exchange  outlets,  any  insect  within  a 
subsistence  product  container  justifies  condemnation. 

Spot  inspections.  Virtually  all  items  of  subsistence, 
except  canned  or  bottled  foods,  are  susceptible  to  infestation 
or  damage  by  insects,  rodents,  and  other  pests.  A  spot 
inspection  of  any  commodity  to  determine  degree  of 
infestation  should  rarely  exceed  10  percent  of  the  lot. 
Normally  a  5  percent  inspection  will  indicate  the  condition  of 
the  lot  you're  inspecting.  In  either  event,  temporarJy  stop 
your  inspections  when  you  first  detect  stor&d  food  pests  and 
fumigate  the  lot  or  otherwise  treat  it  appropriately,  then  make 
a  followup  survey  to  find  out  whether  or  not  the  stock  is 
suitable  for  issue. 

You  can't  put  too  much  emphasis  on  the  importance  of 
detecting  insect  infestation  in  the  early  stages,  especially 
when  climatic  and  other  environmental  conditions  arc 
conducive  to  incubation  and  migration.  Certain  insects  a^^ 
attracted  to  light,  and  you  can  spot  infestations  by  scanning 
windows  and  other  light  sources.  Anticipate  insect  activity 
when  the  product  temperature  is  above  50**  F.  or  the  air 
temperature  is  above  60**  F.  and  the  relative  humidity  is  more 
than  35  percent.  Generally,  insect  activity  will  increase  as  the 
temperature  and  relative  humidity  rise,  so  increase  the 
frequency  of  inspections  from  monthly  to  biweekly  surveys 
during  prolonged  hot,  humid  weather.  Many  stored-food 
pests  have  a  high  reproductive  potential  and  a  short  life  cycle, 
which  means  that  under  suitable  conditions,  a  minor 
infestation  can  become  a  major  problem  within  a  short  time. 
A  **grain  thief  (fig.  1-6)  can  be  used  to  sample  bagged 
products  such  as  fiour,  rice,  and  com.  This  device  is  a  tube 
within  a  tube,  the  tubes  having  a  series  of  matching  openings. 
You  stick  it  into  a  sack  and  when  you  reach  the  right  depth,  you 
turn  the  inner  tube  to  close  the  sampler,  then  you  withdraw  it. 

Inspection  while  in  storage.  Inspect  storage  facilities  and 
exteriors  of  infestible  mc^teria!  at  regular  intervals.  The 
infestible  contents  of  food  products  arc  inspected  by 
veterinary,  food,  or  qualified  subsistence  quality  assunmce 
inspectors.  Your  section  and  the  veterinarian  inspection 
specialists  should  also  make  a  joint  monthly  inspection  of 
vulnerable  stocks  and  storage  areas  and  prcparc  a  report  to 


GRAIN  T^IEF  CTO-OW 


Figure  1-6.  Grain  ihief. 


show  the  results  and  recommendations.  In  your  inspection, 
use  equipment  such  as  a  flashlight,  magnifying  glass,  hand 
sifter,  and  grain  thief.  You'll  make  visual  and  spot 
inspections  at  the  storage  stack,  and  there  should  be  a  central 
inspection  area  for  more  thorough  and  extensive  examinations. 

Subsistence  Inspection.  Usually,  you  can  readily  detect 
advanced  infestations  in  bagged,  domestic-pack  subsistence 
with  a  visual  inspection,  lb  find  infestation  in  an  eariier 
stage,  or  to  any  degree  within  a  multiwall  bag,  you  must  open 
the  bag  and  sift  sample  lots  of  the  contents.  You'll  need  a 
hand  sieve  with  a  catch  pan  such  as  sieve,  sifting,  8~inch  or 
12-inch  diameter.  No.  10  mesh;  or  locally  made  sieves  that 
use  an  8XX  bolting  cloth  as  the  screening  material  for  flours. 
Use  a  No.  8  mesh  sieve  or  locally  made  sieves  with  normal 
window  screen  for  such  bulk  items  as  macaroni  or  beans. 
You  can  even  get  mechanical  sifting  equipment  when  the 
workload  warrants.  ^ 

•  Careftilly  examine  the  seams  and  ears  of  the  bags  for 
evidence  of  insect  infestation. 

•  Randomly  select  containers  of  spices,  pepper,  dried 
milk,  and  other  finely  divided  subsistence  stocks;  then 
empty  and  sift  them. 

•  Visually  inspect  and  sieve  spaghetti,  macaroni,  and 
cereal  products  for  signs  of  insect  and  rodent 
infestations. 

•  Check  all  paperboard  and  other  nonmetal  containers 
for  areas  damaged  by  rodents,  and  inspect  the  contents 
for  evidence  of  insects.  Under  some  circumstances  you 
may  want  to  incubate  a  sample  of  the  commodity  to 
check  for  immature  stages  of  insects. 

Inspect  all  other  infestible  subsistence  by  visual  or  open 
container  examination  as  prescribed  by  the  material 
manager. 


Exercises  (805): 

1.    If  you  find  two  THbolium  larvae  in  5  pounds  of 
subsistence  sold  at  a  commissary,  what  must  you  do? 


2.    In  spot  inspections  of  subsistence  items,  how  much  of 
each  lot  should  you  normally  inspect? 


3.    How    often    should   you    inspect   warehouses  for 
stored-food  pests  during  prolonged  I»ot,  humid  weather? 


4.  How  often  should  you  make  joint  inspections  with 
qualified  veterinary,  food,  or  other  subsistence 
inspectors? 


5.    Why  should  you  not  limit  your  surveys  to  visual 
inspections? 
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6.    How  do  you  survey  each  of  these? 
a.  Dried  milk  containers. 


b.  Cereal  products. 


c.  Foods  in  other  nonmetal  containers. 


806.  State  what  preventive  stored-product  pest  manage- 
ment is  suitable  for  non-pest-management  personnel. 

Preventive  Control  Measures.  Some  people's  custom  of 
storing  food  for  later  consumption  gives  insects  easy  living. 
Some  pests  live  in  the  fields  and  fly  into  storehouses  or  are 
transported  in  with  infested  food.  Others  live  only  in  stored 
foods  and  invade  fresh  material  that  is  brought  in.  If  the 
storehouse  provides  favorable  moisture,  temperature,  and 
harborage,  not  only  may  tremendous  economic  loss  result, 
but  people  are  exposed  to  insect-borne  disease.  Stoied-product 
pest  control  should  be  conducted  by  warehouse  workers  and 
others  on  a  year  round  basis.  Prevention  is  the  best  way  to 
control  stored-product  pests.  A  few  of  the  more  conmion 
ways  you  can  prevent  these  pests  are  sanitation,  palletizing, 
rotation,  isolation,  ventilation,  packaging,  and  insectproof 
construction. 

Samtaiion.  Cleanliness  is  an  important  factor  in  preventing 
insect  damage  to  stored  products.  Many  warehouses  have 
become  highly  infested  because  flour,  rice,  or  other  foods 
have  been  spilled  on  the  floors  and  left  for  a  long  time.  Good 
sanitation  helps  keep  insects  and  other  pests  from  becoming 
established.  As  a  corrective  measure,  it  can  force  them  to 
migrate  or  (combined  with  other  techniques)  starve  them. 
You  must  repair  all  torn  bags  inuncdiately,  keep  floors  clean, 
and  direct  your  efforts  toward  preventing  contamination  of 
stored-food  products. 

Palletizing.  Don*t  let  workers  place  cartons,  bags,  and 
other  containers  of  goods  directly  on  the  floor.  Warehouses 
should  use  oak  or  pine  pallets  to  store  these  items,  each  pallet 
holding  a  load  that  can  be  moved  from  place  to  place  by 
hydraulic  lift.  Cartons  or  bags  should  be  placed  upon  the 
pallets  by  hand  labor,  but  after  that,  machinery  transports  the 
palletiz^  stocks  from  place  to  place.  There  is  a  trend  toward 
shipping  material  on  pallets  so  that  the  merchandise  can  be 
loaded  and  unloaded  by  machinery.  Cereal  products  or  other 
ftxxls  must  not  be  stacked  against  warehouse  walls  or  ceilings; 
this  prevents  adequate  inspection,  creates  a  fire  hazard;  and 
increases  the  amount  of  rodent  harborage.  Stacks  shouldn't 
be  high  enough  to  crush  cartons  and  bags,  increasing  the 
probability  of  an  infestation. 

Rotation.  Stock  rotation  is  an  important  factor  in  preventing 
losses  due  to  insects.  If  old  stcx^ks  stay  in  storage  for  a  long 
time,  the  insects  may  complete  one  or  more  life  cycles,  and 
light  infestations  may  become  damaging  ones.  Old  stocks  left 


on  hand  may  infest  stocks  received  later.  The  accumulation 
of  dirt  and  filth,  rodent  urine  or  feces,  and  moisture  may 
result  in  the  eventual  loss  of  valuable  foodstuffs.  Food  stored 
under  such  conditions  is  especially  subject  to  insect  attack, 
and  mold  formation  may  impart  an  off-flavor. 

Isolation,  It  is  important  to  isolate  new  stocks  of  susceptible 
items  from  the  old  supply.  Often  a  carload  of  feed  or  flour 
is  stacked  on  or  near  a  few  remaining  sacks  c  f  old,  infested 
materials.  This  placement  results  in  the  immediate  infestation 
of  the  new  shipment.  Susceptible  items  must  be  stored  as  far 
as  possible  from  old  stocks,  whether  the  infestation  is  heavy  or 
light — even  if  you  think  the  material  is  uninfested. 

Ventilation.  Adequate  ventilation  is  important  in  storing 
dry  foods.  A  high  moisture  content  is  conducive  to  attack  by 
insects  and  mites  and  the  formation  of  mold.  Ventilation  may 
be  provided  by  3-foot  access  aisles  between  stacks  and  the 
walls,  and  2  feet  between  the  stacks  and  tlie  ceiling.  Ventilators 
and  doors  should  be  opened  during  dry  weather  and  closed 
during  periods  of  high  humidity.  In  the  winter,  let  cool  air 
circulate  in  warehouses  unless  this  air  may  cause  damage  to 
products  subject  to  freezing.  Grains  may  be  subjected  to 
extremely  low  temperatures  without  damage.  Cold  is  a  useful 
factor  in  deterring  insect  infestations,  as  most  species  develop 
slowly  at  low  temperatures  and  many  individual  insects  are 
killed  by  freezing  temperatures. 

Packaging.  Careful  packa£.ing  of  subsistence  items  can 
greatly  limit  insect  infestations  in  stored  food.  Generally,  it  is 
best  not  to  reuse  packaging.  If  packaging  is  to  be  reused,  it 
must  be  sterilized  by  heat  or  fumigation. 

Insectproof  construcdcn.  Grain  stored  in  poorly 
constructed  buildings  may  get  infested  by  insects  that  fly  in 
fiom  nearby  fields  or  warehouses.  Poor  construction  encourages 
rapid  buildup  of  large  populations.  Carefully  planned  and 
constructed  warehouses  can  minimize  ^is  hazard.  Make  the 
building  as  insectproof  as  possible. 


Exercises  (806): 

1 .    What  seven  preventive  control  techniques  are  applicable 
by  non-pest-management  personnel? 


2.    What  are  the  pest  control  benefits  of  sanitation  in  a  food 
warehouse? 


3.    List  three  effects  of  improper  stock  rotation. 


4.    Why  is  ventilation  important  in  efforts  to  keep  pests  from 
attacking  dry  foods? 


807.  State  why  and  how  we  use  various  corrective  control 
measures. 
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Corrective  Control  Measures.  Once  stored  foods  have 
become  infested  with  insects,  you  must  act  to  prevent  these 
insects  from  spreading  and  causing  further  damage.  The 
corrective  methods  you  can  use  include  residual  and 
nonresidual  sprays,  ftimigation,  and  pheromones. 

Residual  spraying  in  subsistence  warehouses  should  be 
restricted  to  walls  and  floors  only.  Be  sure  to  follow  all  label 
instructions,  as  each  pesticide  is  registered  with  Environmental 
Protection  Agency  (EPA)  only  for  the  uses  listed  on  the  label. 
The  label  is  the  law. 

Nonresidual,  or  space,  sprays  of  approved  insecticides 
may  be  applied  with  ultra-low-volume  dispersal  equipment. 
This  equipment  fills  the  air  with  tiny  droplets  of  insecticide 
that  kill  insects  in  flight  or  on  exposed  surfaces.  Space  sprays 
help  kill  pests  between  pallets,  bags,  and  such  locations,  but 
they  don  *t  constitute  fumigation,  and  they  aren't  feasible  for 
destroying  insects  that  have  penetrated  bags  and  cartons. 
Space  sprays  arc  regarded  as  preventive  maintenance,  rather 
than  as  a  way  to  eliminate  existing  infestations. 

Fumigation  of  stored  products  is  the  traditional  means  for 
destroying  all  insects  infesting  bins,  elevators,  warehouses 
and  storerooms.  It  is  dangerous  and  should  be  done  only  by 
qualified  personnel.  We'll  talk  about  it  in  detail  in  the  next 
learning  objective. 

The  use  of  pheromones  in  a  pest  management  program  is  a 
chemical  behavioral  insect  control  method.  Stored-product 
insects  are  among  the  most  expensive  pests  to  feed,  since  they 
feast  on  products  that  have  been  growa,  harvested,  stored, 
and  often  processed.  These  pests  may  soon  be  their  own 
worst  enemies,  now  that  scientists  have  learned  to  isolate  the 
pheromones  of  the  insects.  The  sex-attractant  pheromones, 
now  being  commercially  produced  for  several  common 
pests,  can  be  used  in  pest  management  for  monitoring  insect 
activity,  for  mass  trapping,  and  as  a  form  of  birth  control  to 
reduce  populations.  Using  pheromones  in  place  of  insecticides 
has  <;everal  advantages: 

•  Only  small  amounts  are  needed;  male  insects  can 
detect  as  little  as  several  molecules  floating  around  in 
the  air. 

•  Pheromones  are  not  poisonous;  tliey  are  organic 
compounds  that  decompose  in  the  environmp'nt. 

•  They  are  species  specific;  a  butterfly  pheromone  will 
not  attract  a  moth,  lliis  allows  for  careful  control  of 
harmful  insects  without  threatening  helpful  ones  or 
humans. 

•  There  is  no  insect  resistance.  Through  evolution, 
insects  develop  tolerances  to  some  pesticides,  but 
because  pheromones  are  produced  naturally  by 
inserts,  resistance  is  not  anticipated. 

Pheromones  are  already  conmiercially  available  for  the 
Indian  meal,  tobacco,  raisin,  and  almond  moths  and  for  the 
Angoumois  and  khapra  beetles.  In  time,  you  can  expect  to  see 
pheromones  commercially  available  for  the  cigarette  beetle, 
red  and  confused  flour  beetles,  lesser  grain  borer,  and  rice 
weevil. 

Methodology  for  applied  chemical  controls.  You  can  use 
products  that  are  registered  for  crack-and-crevice  treatment 
in  food  area  (and  don't  have  specific  instructions  to  the 
contrary)  while  the  establishments  are  open  and  in  operation. 
Of  course  you  must  take  due  care  to  avoid  any  contamination 


of  food.  You  may  use  contact  sprays  and  space  sprays  of 
synergized  pyrethrins  and  resmethrin  to  control  flying 
adults,  and  you  can  make  crack-and-crevice  treatments  with 
residuals  such  as  diazinon,  Dursban  rnd  malathion. 

In  nonfood  areas  (loading  docks,  storage  areas,  locker 
rooms,  offices,  etc.)  of  food  establishments,  the  EPA  allows 
more  liberal  use  of  residual  insecticides.  In  each  case,  the 
label  of  the  product  you  use  should  describe  the  pests  to  be 
controlled,  the  places  that  can  be  treated,  and  the 
concentration  to  use.  You  van  use  such  residuals  as  1  percent 
diazinon,  0.5  percent  Dursban  and  2  percent  malathion  as 
sprays  to  treat  surfaces  in  nonfood  areas,  as  long  as  they  don't 
come  in  contact  with  food  containers. 

In  warehouses,  the  first  step  is  to  m:.ke  sure  the  sanitation 
is  acceptable.  Then  you  must  locate  the  infested  material  and 
identify  the  insects  in  it.  For  the  best  control,  remove  the 
infested  material  from  the  premises  since,  without 
fumigation,  you  can't  kill  insects  inside  stored  materials. 
Insects  on  the  outside  of  packaged  materials  can  be  killed  by  a 
contact  spray  of  relatively  low  toxicity  to  man,  such  as 
pyrethrins  or  resmethrin.  After  warehouse  workers  have 
cleaned  up  any  debris  and  the  infested  material  has  been 
removed,  spray  the  storage  areas  thoroughly,  spraying  the 
walls,  floors,  posts,  and  any  other  areas  that  could  harbor 
insects.  Give  particular  attention  to  cracks  and  crevices, 
where  debris  is  hard  to  remove.  Again,  residual  sprays  must 
not  come  in  direct  contact  with  food  containers. 

If  there  is  a  light  infestation  in  returned  goods  that  must  be 
held  in  the  warehouse  for  a  time,  you  can  use  a  modification 
of  this  procedure.  The  infested  material  must  be  stored  off  the 
floor  on  pallets,  and  the  area  should  then  be  treated  at  regular 
intervals  with  one  of  the  low-toxicity  materials.  Apply  the 
chemical  with  a  mist  applicator,  fog  machine,  or  ULV 
machine  to  get  the  best  penetration  through  the  space 
between  the  containers  in  the  stack.  Along  with  this 
treatment,  make  a  residual  application  to  the  floors  and  walls 
up  to  the  maximum  height  of  storage  using  a  residual 
pesticide.  If  food  products  are  exposed,  you  can  only  use 
crack-and-crevice  treatment.  The  need  to  repeat  this 
application  depends  on  the  type  of  surface  you  sprayed  and 
the  length  of  residual  for  the  chemical  you're  using.  Timing 
may  be  on  a  monthly,  bimonthly,  or  even  a  quarterly  basis. 
Check  conditions  carefully  so  you  have  a  continuously 
effective  residual  working  at  all  times.  This  type  treatment 
will  be  effective  only  where  the  storage  area  has  been  cleaned 
out  to  start  with  and  where  no  heavy  infestation  is  introduced 
after  the  program  starts.  During  this  program  the  building 
must  also  be  kept  clean  so  that  untreated  dust  and  debris  do 
not  accumulate.  As  a  standard  method  of  warehouse 
maintenance,  this  system  is  excellent. 

In  commissaries  or  food  stores,  control  depends  on  prompt 
removal  of  infested  material.  You  don't  have  much  hope  of 
controlling  storage  pests  until  this  is  done  and  the  premises 
are  cleaned  of  as  much  debris  as  possible.  After  this,  make  a 
thorough  application  of  a  low-toxicity  contact  spray  to  kill 
any  exposed  adults  or  larvae.  Use  a  mist  blower  or  ULV 
generator  to  apply  pyrethrins,  resmethrin,  etc.  to  as  many 
surfaces  in  the  area  of  infestation  as  possible,  taking  extreme 
care  not  to  contaminate  food  items  in  the  store.  If  other  items 
aren't  in  tight  containers,  be  sure  they  are  completely 
covered  with  a  protective  material  such  as  a  plastic  sheet 
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before  spraying.  In  nonfood  areas,  use  residual  sprays. 

Some  special  problems  exist  in  the  home.  Since  many  of 
the  stored-produci  insects  are  strong  fliers  and  their  larvae 
may  crawl  considerable  distances  from  a  source  of 
infestation,  you  must  show  the  occupants  that  these 
wanderers  don't  necessarily  indicate  either  the  source  of 
infestation  or  the  areas  you  need  to  treat. 

The  source  of  infestation  in  a  home  is  usually  a  very 
limited  area,  such  as  the  kitchen,  or  even  a  single  cabinet  or  a 
single  box  of  material  in  the  kitchen.  Before  you  try  any 
control,  find  this  source  and  eliminate  it.  This  is  not  always 
easy  to  do,  but  it  is  essential.  Look  very  carefully,  not  only 
into  cracks  and  crevices,  but  also  inside  containers  of  such 
things  as  cereals,  beans,  peas,  flour,  dried  fruits  and  spices, 
and  any  other  material  where  they  may  live  and  complete 
their  life  cycle.  Don't  overlook  the  possibility  that  a  sealed 
container  may  be  infested  on  the  inside  and  be  loose  enough 
to  allow  the  insects  to  escape  from  it. 

After  removing  infested  material,  remove  the  contents  of 
drawers  and  cupboards  in  the  area  and  spray  all  shelves, 
drawer  bottoms,  cracks,  and  crevices  with  any  of  the 
standard  residual  emulsions  or  oil-base  formulations.  After 
the  chemical  has  dried,  cover  all  drawer  bottoms  and  shelves 
with  paper  to  keep  food  or  containers  from  direct  contact  with 
the  residual.  It  may  take  several  days  for  insects  not  actually 
contacted  during  the  treatment  to  contact  the  residual  and  be 
killed.  Tell  occupants  about  this  fact  so  you  won't  be  making 
unnecessary  return  trips  immediately  after  completing  the 
job. 

Chemical  applications  to  contrcJ  stored-product  pests  in 
all  situations  take  considerable  care  on  your  part.  It  is 
essential  that  insecticide,  whether  a  residual  or  a  space  spray, 
be  kept  from  direct  contact  with  food  products.  No 
insecticide  is  to  be  considered  as  nontoxic  or  suitable  for 
direct  use  on  any  food  product.  When  shelves  are  treated, 
food  products  should  not  be  replaced  on  them  until  the 
insecticide  is  completely  dry,  and  shelf  paper  should  then  be 
placed  on  the  shelf  to  protect  the  food  from  direct  contact. 
Application  made  directly  to  bags  or  other  packages  should 
be  very  light  and  should  not  be  sufficient  to  wet  the  container. 

You  can  also  be  of  value  to  housing  occupants  by  giving 
advice  on  how  to  inspect  for  infestations,  how  to  clean 
storage  areas  where  food  particles  tend  to  sift  out  and  collect 
in  cracks,  and  how  properly  to  store  food  products, 
especially  those  in  which  the  original  container  has  been 
opened  (store  in  clean  metal,  glass,  or  plastic  containers  with 
tight-fitting  lids). 

Commercial  food-handling  facilities  may  have  special 
sanitation  problems.  It  is  absolutely  essential  that  the 
premises  be  cleaned  of  any  loose  food  materials  that  might  be 
lodged  on  the  floor,  the  walls,  and  on  the  ceiling,  because  this 
food  will  provide  harborage  for  the  insects  even  though 
you've  removed  the  principal  infestation. 

The  use  of  pesticides  in  and  around  food-handling 
establishments  was  greatly  restricted  by  the  1972  amendment 
of  the  Federal  Insecticide,  Fungicide,  and  Rodenticide  Act. 
This  is  especially  true  in  food  areas  of  food-handling 
establishments,  where  application  of  residual  insecticides  is 
limited  to  the  crack-and-crevice  method.  Fu^4  areas  include 
places  where  food  is  exposed  during  receiving,  storage, 
preparation,  and  serving.  It  does  not  include  dining  areas 


where  food  is  under  the  control  of  the  person  eating  it,  EPA's 
official  c*efinition  of  crack-and-crevice  treatment  is  *\  ,  ,  the 
application  of  small  amounts  of  insecticides  into  cracks  and 
crevices  in  which  insects  hide  or  through  which  they  may 
enter  the  building,"  Such  openings  commonly  occur  at 
expansion  joints,  between  different  elements  of  construction, 
and  between  equipment  and  floors.  These  openings  may  lead 
to  voids  such  as  hollow  walls,  equipment  legs  and  bases, 
conduits,  motor  housings,  junctions,  and  switch  boxes.  The 
crack-and-crevice  treatment  uses  sprays,  dusts,  or  baits  only 
in  cracks  and  crevices;  doesn't  treat  surfaces.  Insecticides 
must  be  applied  under  low  pressure  and  with  great  care  to 
avoid  splashing  or  runoff  which  might  lead  to  contamination 
of  the  exposed  surfaces  of  the  building  or  equipment.  When 
dusts  or  baits  are  applied  into  cracks  or  voids,  take  care  to 
avoid  leaving  any  of  the  material  on  exposed  surfaces.  If 
contact  sprays  or  space  sprays  are  used,  again  take  care  not  to 
treat  food  areas  when  food  is  exposed,  and  you  should  avoid 
leaving  any  of  the  material  on  exposed  surfaces  that  may 
come  in  direct  contact  with  food  or  food  products. 

Exercises  (807): 
1,  What  purpose  does  nonresidual  space  spraying  serve  in 
controlling  stored  food  pests? 


2,  In  what  three  ways  can  pheromones  be  used  in  a 
stored-food  pest  management  program? 


3,  What  four  advantages  are  there  in  using  pheromones 
rather  than  insecticides  in  a  stored-food  pf:st  management 
program? 


4,  Before  you  treat  a  warehouse  for  stored-food  pests,  what 
must  you  insure? 


5,  Where  should  you  apply  residual  sprays  in  a  food 
warehouse? 


6,  What  equipment  can  you  use  to  apply  contact  pesticides 
in  food  warehouses? 


In  homes,  what  should  you  do  before  you  try  to  control 
stored-food  pests? 


8.  In  what  areas  are  you  limited  to  crack-and-crevice 
applications  of  residual  pesticides? 
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9.  List  the  areas  where  crack-and-crevice  treatments  are 
advised. 


10.  What  should  be  your  major  safety  concern  in  applying 
residual  pesticides? 


808.  State  the  sequence  of  given  steps  for  in-place 
fumigation  with  aluminum  phosphide  and  name  the 
phase  to  which  each  step  belongs. 


In-Place  Fumigation^  In  this  lesson,  you'll  learn  about 
the  procedures  for  in-place  (stack)  fumigation  of  stored  foods 
using  aluminum  phosphide.  Thke  note  that  you  are  authorized 
to  work  with  this  ftimigant  only  if  you're  certified  in  EPA 
category  7,  Industrial,  Institutional,  Structural,  and  Health- 
Related  Pest  Control. 

Aluminum  phosphide  is  highly  effective  for  fumigating 
products  with  stored-food  pests  either  indoors  or  outdoors 
under  polyethylene  tarpaulins,  but  there  aie  some  safety 
restrictions.  Hydrogen  phosphide  gas  released  fix)m 
aluminum  phosphide  pellets  or  tablets  is  explosive  under 
vacuum  conditions.  As  a  result  you  can  use  it  only  in  airtight 
enclosures  at  normal  atmospheric  pressure,  normally  under  a 
tarpaulin.  Under  some  atmospheric  conditions,  especially 
when  moisture  may  condense,  the  gas  will  corrode  golc?., 
silver,  copper,  copper  alloys  such  as  brass  and  bronze,  a:=d 
other  products  containing  copper.  You  must  not  let  the 
pellets,  tablets,  or  residual  csh  contact  any  processed  food. 
Cloth,  canvas,  or  vinyl-coated  tarpaulins  arc  not  suitable  for 
fumigation  with  aluminum  phosphide. 

Fumigation  phases.  There  arc  four  phases  in  aluminum 
phosphide  fumigation:  preparation,  application,  evaluation, 
and  clearance.  Before  you  start,  though,  make  sure  you  have 
all  the  equipment  you  need.  You  may  want  to  stop  at  this  point 
and  review  the  list  of  fumigation  equipment  in  Volume  3, 
Chapter  3  before  you  continue. 

Preparation.  You  can  do  in-place  fumigation  without 
necessarily  moving  infested  material  already  in  storage,  but 
if  slightly  infested  goods  come  into  a  warehouse  frequently, 
it's  advisable  to  set  up  an  area  where  you  can  fumigate  them 
conveniently.  For  outdoor  fumigation,  avoid  using  bare 
ground;  but  first,  place  a  plastic  ground  cover  under  stocks 
being  fumigated. 

Gather  your  materials,  using  a  form  similar  to  the  one  in 
table  1-1  to  make  sure  you  have  everything  you'll  need. 

Next,  check  the  stack's  dimensions  with  a  tape  measure  to 
find  out  how  much  polyethylene  film  and  fumigant  you'll 
need.  Now  cover  the  stack  with  the  film.  Make  sure  you 
allow  at  least  1 8  inches  of  floor  lap  on  each  side  of  the  stack. 

Seal  the  film  to  the  floor  with  sand  snakes  or  a  suitable 
substitute.  Make  sure  you  overiap  the  sand  snakes  at  least  six 
inches,  and  place  extra  sand  snakes  at  each  comer  of  the  stack 
to  insure  a  tight  seal.  Then  check  the  tarpaulin  for  holes.  If 
you  find  any,  close  them  with  the  masking  tape.  Also,  you 


should  reinforce  any  pressure  points  on  the  tarpaulin  by 
putting  masking  tape  on  them. 

At  this  point,  you're  almost  ready  to  put  the  fumigant  in 
the  stack.  First,  however,  check  the  temperature  of  the 
material  you're  fumigating.  If  it's  less  than  59°  F.,  consult 
your  command  pest  management  professional  before  you 
continue. 

Applying  the  Jumigant.  Now  you're  ready  to  place 
fumigant  tablets  or  pellets  in  the  stack.  With  the  stack 
measurements  you  got  eariier,  refei  to  table  1-2  to  see  how 
much  fumigant  lo  use,  or  use: 

100  psllets  or  30  tablets  per  1000  cubic  feet  indoors  or  1 65  pellets 
or  45  tablets  per  1000  cubic  feet  outdoors. 


Make  sure  you  record  the  amount  of  fumigant  you  apply 
(table  1-3,  part  6). 

When  you  take  the  aluminum  phosphide  out  of  the 
container,  you  don't  need  to  wear  a  gas  mask;  the  hydrogen 
phosphide  gas  evolves  slowly  upon  contact  with  moisture  in 
the  air.  (Just  maic*^  sure  you  work  quickly  and  efficiently; 
don't  take  any  coffee  breaks  before  you  place  the  fumigant  in 
the  stack.)  You  must,  however,  have  approved  gas  ks  and 
canisters  in  your  possession  when  you're  ha  g  the 
fumigant.  Keep  the  fumigant  container  closed  ,pt  when 
you're  actually  measuring  or  applying  the  fum  ait. 

Place  the  fumigant  pellets  or  tablets  in  a  single  layer  on  a 
pan  or  tray  and  immediately  slide  it  under  the  tarpaulin.  Tkke 
care  not  to  expose  the  tray  to  condensed  water  that  has 
accumulated  under  the  tarpaulin,  and  reseal  the  tarpaulin  to 
the  floor  or  ground.  It  doesn't  matter  where  you  position  the 
ftimigant  in  the  stack,  since  the  gas  will  penetrate  until  the 
concentration  levels  equalize  throughout  the  stack. 

Once  you've  removed  the  ftimigant  from  the  container, 
hydrogen  phosphide  will  start  being  released  in  15-30 
minutes.  You  may  notice  a  garliclike  odor,  and  the  pellets  or 
tablets  will  start  changing  from  a  green-grey  to  a  white-grey 
color  as  the  gas  is  freed.  The  most  intense  gas  development  is 
between  the  4th  and  12th  hours,  and  complete  breakdown  of 
the  pellets  or  tablets  may  take  up  to  72  hours. 

Year  last  step  in  this  phase  is  to  set  up  a  safety  barrier  at 
least  5  feet  from  each  side  of  the  stack.  Place  warning  signs 
(fig.  1-7)  on  each  side  of  the  stack  where  people  may 
approach  it  and  on  the  safety  barriers.  If  it's  a  particularly 
large  stack,  you  may  want  to  put  more  than  one  warning  sign 
on  each  side. 

Evaluation.  Most  pest  management  efforts  are  evaluated 
after  you've  finished  the  job,  but  you  take  readings  while  the 
ftimigation  is  in  progress  to  be  sure  the  gas  is  reaching  a  level 
high  enough  to  kill  all  pests.  You  use  the  Drager  bellows  or 
Auer  bulb  and  gas  detection  tubes  to  find  how  many 
parts-per-million  (ppm)  of  ftimigant  are  in  the  stack  24,  48, 
and  72  hours  after  fumigation  began.  These  readings  will 
vary  according  to  the  temperature,  but  you  want  to  make  sure 
you  get  either  300  ppm  after  48  hours  or  200  ppm  after  60 
hours.  Keep  in  mind,  even  though  you  get  one  or  both  of  these 
readings,  you  still  need  an  exposure  time  of  at  least  72  hours 
to  get  100  percent  control  of  all  the  pests. 

As  with  setting  up  the  stack,  there  are  some  safety 
precautions  you  must  follow.  First,  do  not  \york  alone.  This 
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Table  M 

Ahiminuni  Phosphide  Fumigation  PrcpawlionChccklisl 


ALUMIhUH  (PHOSPHIDE  FUHIGATION-PREP/IRATION  CHECKLIST 


f ACUITY:  2,  DATE: 


3.  mmm  of  fohigatiqn  teah  iHifiiHyHjji 


4.  LOCATION: 

a.  Indoors,  Sldg.  1^ 

b.  Outdoors,  Nearest  I 

Nardstand 

c.  Freight  car»  located  at 


Section 


or 


For  in-transit  fumigation  (ITF),  Destination 
For  in-place  funigation 
5,  NOTIFICATION: 


Person 
notified 


Phone 
Number 


Time/Date 
Notifiej 


a.  Fire 

b.  Security _ 

c.  Hedical 

d.  Safety 

e.  flic 


Installation  Engr,       Public  Works  Officer 
Base  Civil  Engr. 

^  AyOIDOSINS  BABE  GMD  WHEN  POSSIBLE,  IF  NECESSARY  TO  USE  GROONO,  IT 
WILL  BE  NECESSARY  TO  USE  A  PLASTIC  GROUND  COVER  UNDER  STOCKS  BEING 
FUMIGATED. 


EOUIPHENT  (ARE  THE  FOLLOWING  II[HS 

a,  J,0  4.0  6.0  _ 
Polyethylene 

!).  4  mil  plastic  and  4" 

tapes  _  _ 

c.  Heasuring  tape  _ 

(t.  Themoieter  _ 

3,  Two  approved  gas  masks  _ 

f.  Two  unexpired  gas  mask 
canisters  _ 

g.  Aluminum  pan  or  tray 
(in-place  stacks)  _ 

h.  Envelopes  (freight  cars)  _ 

i.  Phostrays  (freight  car3)  _ 
j,  Warning  signs  _ 
k.  Heasuring  device 

(cup  w/premeasured 
volume  for  tablets/ 
pellets)  _ 

I  SAFETV 

2.  Has  the  fumigation  team  been  briefed  on  the  emergency 
procedures  for: 

(1)  Deactivating  a  live  stack? 

(2)  Providing  first  aid  -i  case  of  PHj  poisoning? 
b.  Have  all  warehouse  personnel  been  briefed  on; 

(1)  Odor  of  gas? 

(2)  What  to  do  in  case  it  is  detected? 

(3)  Providi.ig  e^rgency  first  aid  in  case  of  PH, 


1,  Auer  test  tubes  with 

sampling  bulb 
m.  Drager  test  tubes  with 

bellows  pump 
n.  MSA  test  tubes  with 
nSA  Sfliflpier 

0,  Sand  snakes  or  loose 
sand 

p.  Bucket 
q.  Paddle 

r.  Liquid  detergent 
s,  Surgical  gloves 
t.  Flashlight 
u.  Aluminum  Phosphide 

„  Tablets 
_  Pellets 

_  Bags  (if  authorized) 


poisoning? 


'3 


c 


45'i 


DANGER 

POISON 


IT  IS  UNLAWFUL  TO  REMOVE  THIS  SIGN 
THIS  ENCLOSURE  IS  BEING  FUMIGATED  WITH 

PHOSTOXINL, 

CONTAINS  ALUMINUM  PHOSPHIDE  -  UBERATES  HYOtOGEN  PHOSPHIDE  (PHOSPHINE» 


Do  Not  Enter  )  □  3  Days  -  PELLETS        .  ^ 

Prior  Tft       i  r  1  ^  /  After  Fumigation  

Krior  lo       i  □  5  Days  -  TABLETS       *  ^ 


Fumigation  Being  Performed  By: 


Telephones: 


Day 


Night 


®Reg.  U.S.  Pat.  Off. 


Figure  1-7.  Aluminum  phosphide  warning  sign  for  in-pUce  fumigati. 


applies  to  all  phases  of  working  with  aluminum  phosphide. 
Also,  make  sure  you  have  the  right  gas  masks  and  cartridges 
with  you  at  all  times,  (Refer  to  table  1  -3  as  you  continue. ) 

Clearance,  This  is  the  last  phase  of  your  operation,  but 
there's  more  involved  than  just  pulling  away  the  tarpaulin, 
gathering  your  materials,  and  heading  for  the  club.  Firet  you 
must  make  sure  the  hydrogen  phosphide  concentrations  are 
below  0.3  ppm.  To  do  this,  use  ''low  range"  gas  detection 
tubes  with  the  Drager  bellows  or  Auer  bulb.  These  tubes  have 
a  range  of  0. 1-40.0  ppm  compared  to  50.0-1000  ppm  for  the 
high  range  tubes  (Drager  bellows).  For  the  Auer  bulb,  these 
ranges  are  O.MOO.O  ppm  and  50-2000  ppm  respectively 
me  three  separate  readings  and  average  the  results  to  be  as 
accurate  as  possible. 

Once  you've  gotten  these  readings,  you're  ready  to  clear 
the  stack.  If  your  ppm  reading  was  0.3  or  higher,  you  and 
your  coworker  will  need  to  put  on  gas  masks  before  you  pull 
back  the  tarpaulin.  Below  0.3  ppm,  don't  worry  about  it.  Just 
pull  back  the  tarpaulin  and  make  sure  everybody  stays  away 
from  the  stack  for  at  least  1  hour.  When  you  get  back,  sample 
the  air  around  the  stack;  you  should  get  a  0.0  reading.  If  you 
had  to  wear  gas  masks  when  you  pulled  back  the  tarpaulin. 


wear  them  now  until  you're  sure  ftimigant  levels  are  below 
0.3  ppm. 

At  this  point,  you  must  dispose  of  the  ash  residue  of  the 
pellets  or  tablets.  Take  this  material  outside  and  slowly  pour  it 
into  a  bucket  of  soapy  water.  When  the  ash  contacts  the 
water,  there  will  be  spontaneous  heating  (and  possibly, 
combustion).  You  must  never  add  alcohol  to  the  water,  since 
this  increases  the  charxes  for  spontaneous  combustion.  For 
this  same  reason,  have  somebody  stir  the  water  while  you 
pour  in  the  ash.  When  you're  finished  with  this,  you  can  bury 
the  solution  or  pour  it  directly  into  the  influent  of  a  sewage 
treatment  facility. 

As  with  other  ftimigants,  hydrogen  phosphide  gas  offers 
no  residual  protection  against  any  new  infestations  by 
stored-food  pests.  Therefore,  if  the  treated  goods  were 
infested  while  they  were  in  the  warehouse,  do  whatever  you 
can  to  reduce  the  need  for  fumigation.  Push  for  higher 
sanitation  standards,  use  contact  and  residual  insecticides  as 
needed,  and  try  to  get  warehouse  managers  to  segregate 
highly  infestible  conunodities  such  as  dog  food  and  cereal 
products  to  control  insects,  limit  reinfestation,  and  reduce  the 
need  for  fumigation. 
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Tkble  1-2 
Dosage  Rates  for  In-Place  Fumigalion 


Cubic  Footage 

PELLETS  APPLICATION 

TABLET  APPLICATION 

of  Sttck  to 

No.  Required 

No.  Required 

No •  ReQu 1  red 

bo  Ftfilg^tod 

Indoors 

Outdoors 

Indoors 

Outdoors 

100 

10 

17 

110 

11 

IB 

3 

120 

12 

20 

3 

g 

130 

13 

22 

3 

6 

140 

14 

24 

150 

15 

25 

^ 

y 

160 

16 

27 

Q 

170 

1 7 

9Q 

£7 

Q 

180 

18 

30 

q 

190 

19 

32 

9 

200 

20 

33 

6 

300 

30 

50 

9 

14 

400 

40 

66 

1 2 

18 

500 

50 

83 

15 

23 

600 

60 

99 

1 8 

27 

700 

70 

116 

2 1 

32 

800 

80 

132 

24 

36 

900 

90 

149 

2  7 

4 1 

lOOo 

100 

165 

30 

45 

2000 

200 

330 

60 

90 

3000 

300 

495 

Qn 

135 

4000 

400 

660 

120 

180 

5000 

500 

825 

225 

6000 

600 

990 

180 

270 

7000 

700 

1 155 

2 10 

315 

eooo 

800 

1320 

240 

360 

9000 

900 

1.485 

270 

405 

10 .000 

1.000 

1.650 

300 

450 

20.000 

2.nno 

3.300 

600 

900 

30.000 

3.000 

4.9:>0 

too 

1.350 

40 .000 

4.000 

6.600 

1.200 

1.600 

50.000 

s.ooo 

8.250 

1,500 

2.250 

60.000 

6.000 

9.900 

1,800 

1,700 

70.000 

7.000 

11.550 

2.100 

3.150 

80.009 

8.000 

13.200 

2,400 

3,600 

90.J00 

9.000 

14,850 

^7oo 

4.050 

100 .000 

10.000 

16.500 

3,000 

1  4,500 

Exercises  (808): 

Tb  which  phase  of  fumigation  does  each  of  these  steps  apply? 
Number  the  steps  in  the  sequence  you  should  do  them. 

Phase  Order 

1.  Use  sand  snakes  to  seal  the 
tarpaulin  to  the  floor. 

2.  Place  fumigant  tablets  or  pellets 
in  a  single  layer  on  a  pan  or  tray, 
and  put  it  under  the  tarpaulin, 

3.  Pull  back  the  tarpaulin  and 
leave  the  area  for  1  hour. 

4.  Gather  all  necessary  materials. 

5.  Set  up  a  safety  barrier  at  least  5 
feet  from  the  stack  and  post 
warning  signs. 

6.  Bury  the  solution  or  pour  it  into 
the  influent  of  a  sewage  treatment 
facility. 


Phase  Order 


7.  Tkke  3  readings  to  insure  0.3 
ppm  or  less  within  the  stack. 

8.  Apply  100  pellets  or  30  tablets 
per  1000  cubic  feet. 

9.  If  fumigation  is  conducted  on 
the  ground,  cover  the  ground 
with  a  plastic  cover. 

10.  Reseal  the  tarpaulin  to  the 
ground  or  floor. 

1 1 .  Add  the  ash  from  the  pellets  or 
tablets  to  soapy  water. 

12.  Ikke  ppm  readings  at  24-hour 
intervals. 

13.  Record  the  amount  of  fumigant 
applied. 

14.  Check  the  temperature  of  the 
stack. 
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1kblel-3 
CIcararce  Checklist 


1'  Mni'_.                        1.  DATF  CLMD: 
3.  CLEABANCE  TEAM 

c.  Stjck  Fumigation: 

111  flit  rnnrontv'if inrt  rhorloH  uhilrt  imNw^nn 

\i]  uob  lunLciRrdL lun  umi-iscQ  wniie  wearinc) 
an  approved  mask. 

a. 

b. 

[I]  After  lifting  edge  of  the  tarp,  gas  con- 
centration in  the  area  of  stack  was  less 
than  50  ppm. 

4.  COffiODin  FOHIGAIEO 

a.  Nomlature 

b.  FSN  (if  applicable) 

(3)  Gas  masks  were  required  to  complete  the 
lifting  of  tarp  on  all  sides, 

(4)  Area  vacated  and  ventililated  for  one  hour 
before  tarp  m  removed, 

c.  Contract  Number 

d.  Contract  Item  (tuitfcer 

e.  Manufacturer  or  Assetifcler 

(5)  Gas  concentration  after  one  hour  of  ventila- 
tion « 

(6)  Additional  ventilation  was  required.  If  yes, 
vefltilation  accomplished  for 

f.  Lot  Hunter  and  Date  of  Pack 

g.  Quantity 

(1)  Height  lbs. 

iddltlonal  houri   

10.  RESIDUE  DISPOSAL: 

1.  Cliy  residue  nixed  w/llQuld  d(>terMnt  in 
bucket  of  water. 

(2)  Cubic  Feet 
(a)  of  stack 

b.  Residue  emjlsion,  all  gloves,  and  empty  primary 
wiiiaiiieD  (luiiuKing  iiejciivjiion  w/oeterpent 
and  water)  were  buried  in  an  approved  manner. 

(b)  of  freight  car 

11.  REMARKS; 

5.  DATE  FmiGATEO 

«.  FUHIGANI  INFORHATION 

a,  Name  of  fiwigant  used_ 

foni)  used:  tablets  pellets  bags  (pwder) 

c.  Number  of  tablets,  pellets  or  bags  used;   

CLEARANCE  INFORHATION                                 vf^  Nn 

a.  naming  signs  are  posted  and  properly  completed. 

b.  A  minimum  of  72  h;ur5  has  elapsed  since  fumigation 
Mas  initiated. 

12.  CERIIFICATION: 

I  CERTlFy  THAI  THE  ABOVE  INFORHATION  IS  CORRECT,  WAS  ACTUALiy  PERFORMED, 
ANO  BOTH  A  PREPARATION  AND  FUMIGATION  CHECKLIST  WERE  COMPLETED  IF 
FUMIGATION  WAS  INITAITED  AT  THIS  INSTALLATION. 

CERTIFIED  PEST  MANAGEMENT  SUPERVISOR 
CERTIFIED  PEST  MANAGEMENT  OPERATOR  ^ 

ERIC 


Phase  Order 

15.  Make  sure  there  are  at  least  18 
inches  of  floor  lap  on  each  side 
of  the  stack. 

16.  Reinforce  pressure  points  with 
tape. 

1-2.  Fabric  Pests 

Fabric-destroying  insects  cause  great  damage  each  year. 
In  addition  to  large  losses  to  fabrics  in  the  process  of 
manufacture  and  storage,  the  many  small  damages  caused  in 
households  add  up  to  a  significant  figure.  A  hole  in  a  $125 
suit  usually  means  a  new  one  will  be  bought;  a  patch  of  carpet 
eaten  out  under  a  sofa  may  require  purchase  of  new  carpeting 
the  next  time  furniture  is  rearranged.  Other  materials  that  are 
readily  infested  include  upholstery,  piano  felt,  blankets,  and 
any  other  woolen  pnxlucts  as  well  as  fur,  hair,  feathers,  horns, 
insect  and  animal  collections,  and  such  stored  foods  as  meat, 
fish,  meal,  and  milk  products.  Synthetic  fibers  and  cellulose 
materials  are  damaged  only  incidentally. 

Just  as  some  pests  create  problems  because  they  attack  and 
use  cellulose,  the  fabric  pests  are  troublesome  because  they 
attack  and  use  keratin.  Although  its  name  is  not  very 
common,  keratin  is  a  most  important  material  to  people, 
being  the  chief  constituent  of  such  structures  as  the  hair  of 
humans  and  other  mammals,  horns,  hoofs,  and  feathers.  It  is 
a  protein  that  is  quite  stable  chemically  and  is  very  resistant  to 
most  means  of  digestion.  The  only  animals  that  can  digest 
keratin  are  a  relatively  small  number  of  insects.  This  peculiar 
ability  of  keratin  digestion,  coupled  with  the  widespread  use 
of  wool  and  other  animal  hair,  is  the  basis  of  the  fabric  pest 
problem. 

Any  number  of  other  insects  can  damage  fabrics  by 
chewing  or  shredding,  but  they  can't  digest  keratin. 
Silverfish,  cockroaches,  crickets,  earwigs,  etc.  fall  into  this 
category,  but  they  aren't  considered  true  fabric  pests  and 
won't  be  included  here. 

The  main  group  of  fabric-destroying  insects  in  the  United 
States  is  made  up  of  three  moths  and  five  carpet  beetles, 
although  many  other  insects  may  cause  some  damage 
occasionally  or  may  cause  important  damage  locally. 


809.  Associate  statements  about  the  development, 
characteristics,  and  habits  of  clothes  moths  with  the 
particular  moth  to  which  they  refer. 


Clothes  Moths.  The  term  "clothes  moth"  is  properly 
used  in  connection  with  the  webbing  clothes  moth,  the 
casemaking  clothes  moth,  and  the  tapestry,  or  carpet,  moth. 
The  first  two  are  most  common;  tapestry  moths  occur  rarely. 
These  are  all  small  moths;  adults  have  a  wingspread  of  less 
than  1/2  inch.  Their  habits  are  different  from  most  moths, 
because  we  rarely  see  them  flying  around  lights  at  night. 
Rather,  they  prefer  the  dark  and  tend  to  live  in  dark  comers, 
or  in  folds  of  fabric.  They  will  fly  occasionally,  but  normally 
only  on  the  edges  of  a  lighted  area,  usually  remaining  quite 
inconspicuous. 

Clothes  moths  have  a  complete  metamorphosis.  Adults 


cannot  feed,  and  it  is  the  larval  stage  that  damages  fabrics.  In 
houses,  they  are  most  frequently  pests  of  clothing,  carpets, 
rugs,  upholstery  fabrics,  piano  felt,  brush  bristles,  blankets, 
hair  from  pets,  furs,  lint  from  woolens,  and  any  stored  wool 
products.  These  products  all  contain  the  protein  keratin. 

Clothes  moth  larvae  will,  at  times,  damage  other  products 
such  as  cotton,  linen,  silk,  synthetic  fibers,  and  paper.  Such 
damage,  however,  is  usually  incidental,  resulting  from  the 
larva  damaging  such  fibers  while  eating  its  natural  food. 
Clothes  moth  larvae  are  particularly  damaging  to  fabrics 
stained  with  such  materials  as  oil  from  hi>man  hair,  human 
sweat,  urine,  beer,  tomato  juice,  milk,  and  soft  drinks.  These 
developing  insects'  nutrition  requires  balance  in  their  diet, 
and  they  especially  need  vitamin  B.  As  a  matter  of  fact,  first 
instar  larvae  can't  survive  on  **clean"  wool;  but  it  must  have 
the  nutritional  supplements  found  in  soilage.  You  can 
identify  common  clothes  moth  adults  with  the  key  in  fig.  1-8. 
Larvae  are  hard  to  identify  morphologically  but  can  easily  be 
separated  by  their  habits. 

Webbing  clothes  moth.  This  moth  (Tineola  bissellieUa)  is 
the  most  numerous  clothes  moth  in  the  United  States,  being 
found  commonly  in  all  states.  The  body  and  wings  of  the 
adult  are  uniformly  buff  colored,  and  its  head  has  light- 
reddish  hairs  on  top.  The  wings  are  silvery  brown,  without 
spots,  and  measure  less  than  1/2  inch  across  when  they're 
extended.  Adult  males  can  fly  as  far  as  100  yards  but  seldom 
do.  Females,  on  the  other  hand,  are  rather  weak  fliers, 
although  they  can  fly  for  short  distances.  Adult  females  can 
mate  and  lay  eggs  the  same  day  they  emei^e  from  the  cocoon. 
Normally,  adults  live  about  15  to  30  days,  but  colder  weather 
may  extend  this  time  somewhat. 

The  eggs  are  oval,  ivory  white,  and  about  1/24  inch  long. 
They  are  laid  either  singly  or  in  small  groups  among  the 
threads  or  in  cracks  of  a  suitable  food  material  and  are  usually 
attached  to  this  food  material  with  a  gelatinous  substance. 
Each  female  lays  an  average  of  40  to  50  eggs,  but  a  few  may 
lay  as  many  as  200.  In  the  summer  these  eggs  will  hatch  in  4  to 
10  days,  but  in  winter  it  may  take  a  month  or  more.  Be  careful 
not  to  confuse  eggs  with  the  fine,  hard,  characteristically 
bun-shaped  particles  of  excrement  which  are  left  scattered 
about  wherever  the  larvae  live.  These  excrement  particles 
are  frequently  of  the  same  color  as  the  fabric  on  which  the 
larvae  are  feeding. 

Larvae  are  shiny,  creamy  white,  and  not  more  than  1/2  inch 
long.  They  usually  spin  feeding  tunnels  of  silk,  but  they  may 
produce  somewhat  randomly  placed  patches  of  silk  as  they 
move  about.  Some  particles  of  the  material  on  which  they  are 
feeding  and  bits  of  their  own  excrement  are  often  <;ntangled  in 
the  silk.  These  feeding  tubes  and  silken  patches  together 
make  up  the  webbing  which  is  a  characteristic  of  this  moth .  In 
fur,  webbing  is  sparse.  In  its  growth,  each  larva  molts  from  5 
to  45  times.  The  time  necessary  to  complete  larval  develop- 
ment may  vary  greatly  with  such  things  as  availability  of 
food,  relative  humidity,  and  temperature.  This  '/ariation  may 
be  anywhere  from  35  days  to  as  long  as  2  years. 

The  larva  spins  a  silken  pupal  case  and  attaches  bits  of  fiber 
and  excrement  to  the  outside  of  it.  This  case  is  usually  well 
hidden  in  the  fabric.  Length  of  the  pupal  stage  varies  from 
about  8  to  40  days.  You  may  find  adult  webbing  clothes 
moths  at  any  time  of  the  year,  but  they're  more  abundant  in 
warm  summer  months.  They  can  also  develop  quite  well  in 
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A  pictorial  key  to  the  adults  of  some  comnnon  Insect  pests  of  fabrics. 


'orfHin-ii  hardened,  fOfunnq 
»  proU'Cllwe  covefinq;  w«lh 
or  wUfMTul  SCdIeS. 


(4a  actual  swe) 


No  e«lensiwe  b\AcW 
^reas  on  fore«»nqi. 


No  dark  ipots  on  wmgi. 
Tuft  of  red  setae  on 
top  of  head. 


JEBBINC  CLOTHES  HOTH 


1 


8asal  third  of  forewincj  black; 
re<waining  area  while. 


TAPFSTRT  MOTH 


Three  dark  tpots  on  forewings 
(sometlines  indistinct).  Tuft 
of  hairs  on  head  light  in  color. 


Body  rather  long  and  narroM. 
Forewings  diverging  Jt  tips. 
{Females  MingleSS) 


ODD  BEETLE 

(6k  actual  size) 


Body  entirely  dark  brown  to  black. 
Elytra  with  hairs;  without  scales. 

BLACK  CARPET  BEETLE 


Body  shape  broadly 
oval  and  convea. 


Conttnous  series  of  red  scales 
along  inner  margin  of  each  elytron, 
forming  a  median  Mne  when  at  rest. 


Body  strikingly  patterned 
with  colored  scales. 


1, 


Colored  icalti  forming  various 
patterns  but  without  median  red 
1 ine  on  elytra. 


COWOH  CARPET  BEETLE 
(6x  actual  size) 


Pictures  of  Uennestids 
after  Hinton. 


Body  scales  distinctly  broadened; 
not  inore  than  twice  as  long  as  broad. 


Body  scales  distinctly  narrow; 
more  than  twice  as  long  as  broad. 


FURNITURE  CARPET  BEETLE 
(6x  actual  size) 


VARIED  CARPET  BEETLE 
(6a  actual  size] 


Figure  1-8.  Adult  fabric  pests. 
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heated  buildings  in  the  winter.  The  entire  length  of  their  life 
cycle  may  vary  from  55  days  to  4  years.  Normally,  the  cycle 
will  be  from  65  to  90  days.  This  moth  seldom  occurs  in  the 
dry  areas  of  the  country. 

Casemaking  clothes  moth.  This  moth  (Tinea pellionella) 
is  not  as  common  as  the  webbing  clothes  moth.  It  is  most 
numerous  in  the  Southern  States,  although  it  is  rather 
generally  distributed  in  the  U.S.  This  moth  is  more  brown  in 
color  than  the  webbing  clothes  moth,  and  3  dark  spots  on  the 
wings  help  to  identify  it.  Don't  rely  on  this  characteristic, 
though,  since  the  spots  are  often  indistinct  and  the  scales  of 
the  wings  may  have  worn  off,  leaving  no  spots.  The  adult  has 
a  somewhat  smaller  wingspread  than  the  webbing  clothes 
moth. 

The  larva  spins  a  small  silken  cell  around  itself  and  carries 
it  while  it  feeds  (fig.  1-9).  The  head  and  firet  segment  of  the 
thorax  are  exposed  at  the  anterior  end  of  the  case.  Note  the 
darkened,  platelike  areas  on  top  of  the  thorax.  It  moves  about 
by  extending  its  head  and  legs  from  the  front  end  of  the  case. 
There  is  rarely  any  webbing  spun  on  the  material  upon  which 
larvae  feed.  Larvae  wander  about  on  food  material  feeding  a 
little  here  and  a  little  there,  but  they  rarely  do  any  great 
damage  at  any  one  spot. 

When  it's  ready  to  pupate,  the  larva  draws  itself 
completely  within  its  case,  seals  both  ends  of  the  case  and 
pupates  in  this  cocoon.  In  Northern  States,  the  pupal  stage  is 
usually  the  only  one  found  during  the  winter  months,  but  in 
the  South  all  stages  are  found  the  year  around.  This  moth  is  a 
particular  pest  of  feathers  and  down,  although  it  feeds  readily 
on  almost  any  material  i:sed  as  food  by  webbing  clothes 
moths. 

Carpet  moth.  This  moth  {THchophaga  tapetzella)  is  not 
found  very  often  but  can  /RUse  considerable  damage  in  a 
severe  infestation.  It  is  most  conunon  in  old  woolens, 
horsehair,  ftirs,  and  feathers.  The  wingspread  of  the  adult  is 
somewhat  greater  than  that  of  either  webbing  or  casemaking 
clothes  moths.  It  can  be  distinguished  from  them  by  the  fact 
that  the  front  third  of  the  wing  is  black  and  the  rest  of  the  wing 
is  white  with  a  few  black  or  gray  spots  (fig.  1-1).  Its  head  is 


Figure  1-9,  Representative  larvae  of  common  fabric  pests.  Left:  doreal 
view  of  the  casemaking  clothes  moth.  Center:  varied  carpet  beetle.  Right: 
black  carpet  beetle. 


white.  The  larva  makes  a  silk  tube,  or  burrow,  through  the 
material  and  feeds  inside  this  tube.  Its  entire  life  cycle  is 
similar  to  that  of  the  casemaking  clothes  moth. 


Exercises  (809): 

To  which  clothes  moth  does  each  statement  refer  (the 
webbing  clothes  moth,  the  casemaking  clothes  moth,  or  the 
carpet  moth)? 

^   1 .  Larvae  wander  around  on  the  food 

material  causing  spotty  damage, 
but  rarely  cause  any  great  damage 
in  one  spot. 

 2.  Three  dark  spots  on  the  wings  are 

poor  identifiers  because  ihey  are 
frequently  indistinct  or  rub  off 
easily. 

 3.  Of  the  three  moths  discussed,  this 

one  has  the  greatest  wingspread. 

 4,  Larvae  spin  a  cocoon  and  then 

attach  particles  of  fiber  and 
excrement  to  it. 

^   5.  Eggs  are  laid  singly  or  in  small 

groups  among  the  threads  or  in 
cracks  in  the  food  material. 

 6.  The  front  third  of  each  wing  is 

black  and  the  rest  is  white  with  a 
few  black  or  grey  spots.  The  head 
is  white. 

—   7.  Adults  live  1 5-30  days  and  females 

can  mate  and  lay  eggs  on  the  same 
day  they  emerge  from  the  cocoon. 

 8.  The  larvae  of  this  moth  spins  a 

small  silken  cell  around  it  and 
carries  the  cell  as  it  feeds. 

—  9,  The  body  and  wings  are  buff 

colored  and  the  head  has  light- 
reddish  hairs  on  top. 

 10,  Larvae  of  this  moth  make  a  silk 

tube,  or  burrow,  in  the  material 
and  feed  inside  this  tube. 


810.  Matcii  carpet  beetle  characteristics  and  habits  with 
the  beetles  they  describe. 


Carpet  Beetles.  Several  species  of  beetles  may  at  one 
time  or  another  damage  fabrics.  The  four  most  common 
species  are  the  black,  varied,  common,  and  furniture  carpet 
beetles.  Tbgether,  this  group  can  usually  be  considered  more 
important  economically  than  the  clothes  moth.  They  all  have 
a  complete  metamorphosis,  with  the  larva  being  the  only 
stage  diat  causes  damage  to  fabrics.  Ail  of  the  adults  are  small 
and  inconspicuous  and  are  not  frequently  seen  by  building 
occupants.  Adults  may  be  found  indoors  or  outdoors  and 
often  are  found  on  flowers  around  a  house. 

The  black  carpet  beetle  (Attagenus  megatoma)  is  the  most 
abundant  and  widespread  of  the  carpet  beetles  and  is  the 
species  that  causes  the  greatest  damage  in  most  of  the  United 
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States,  Adults  arc  shiny  black  with  brownish  legs  and  grow 
to  a  length  of  1/8  to  3/16  inch  (fig,  1-8),  They  are  frequently 
found  outdoors  in  flowers  and  are  most  numerous  in  the 
spring  and  early  summer.  The  adult  lays  its  eggs  indoors  and 
outdoors  starting  4  to  8  days  after  it  emerges.  Each  female 
lays  approximately  50  eggs  over  a  period  of  about  3  weeks, 
after  which  she  dies.  These  eggs  are  deposited  in  accumula- 
tions of  lint,  in  air  ducts,  underneath  baseboards,  and  other 
similar  places.  In  warm  weather,  they  hatch  in  6  to  11  days. 

Larvae  are  quite  tiny  when  they  hatch  but  have  the  same 
distinctive  elongated  carrot  or  cigar  shape  and  the  long  brush 
of  tail  bristles  of  the  larger  larvae.  Body  color  varies  from  a 
light  brown  to  almost  black.  They  can  develop  under  a  wide 
range  of  temperature  and  humidity  conditions  and  are  much 
less  susceptible  to  normal  changes  than  are  the  clothes  moths. 
Over  a  series  of  5  to  1 1  molts,  the  larvae  may  become  as  long 
as  1/2  inch.  They  tend  to  stay  away  from  light  and  thus  are 
found  most  frequently  in  the  lower  parts  of  clothes  closets, 
rolled  up  or  wrapped  in  woolen  materials,  at  the  edge  of 
carpeting  under  baseboards,  or  inside  upholstered  furniture. 
Mature  larvae  are  great  wanderers  and  may  be  found 
anywhere  in  a  building.  It  is  not  at  all  unusual  to  find  them  in  a 
bathtub,  kitchen  sink,  or  even  crawling  on  walls  and  ceilings. 

Many  other  common  beetles  resemble  adult  and  larval 
carpet  beetles.  The  hide  beetles,  museum  beetles,  birdnest 
carpet  beetles,  and  cabinet  beedes  all  have  a  somewhat 
similar  appearance.  Although  both  adults  and  larvae  may  be 
mistaken  for  carpet  beetles,  close  attention  to  the 
descriptions  of  the  carpet  beetles,  together  with  the  habits  of 
the  larvae,  will  usually  be  enough  for  proper  identification. 

Black  carpet  beetle  larvae  are  general  feeders,  feeding  on 
dead  animal  materials,  hair,  fijr,  hides,  and  horns  as  well  as  the 
usual  woolen  products  and  many  plant  materials  such  as 
cereals  and  stored  grain  and  nuts.  On  wool,  they  tend  to  be 
surface  feeders,  usually  eating  the  nap  from  fabric  and 
leaving  the  base  threads  alone.  They  are,  however,  quite 
capable  of  eating  large,  irregular  holes  through  any  suitable 
food  material.  In  ftir,  hairs  are  cut  at  the  base  with  no  injury  to 
the  hide;  the  hair  then  drops  out  readily  leaving  the  hide  bare. 
Frequently  they  burrow  through  containers  to  get  food  and 
leave  small  openings  through  which  other  insects  may  enter 
and  cause  additional  damage.  Cast  skins  and  frass  in  the  form 
of  minute,  irregular  pellets  are  often  left  in  the  fabric.  The 
black  carpet  beetle  may  live  as  a  larva  from  as  few  as  9 
months  to  as  many  as  3  years,  depending  on  environmental 
conditions.  Larvae  pupate  in  the  last  larval  skin,  widi  the 
pupal  state  lasting  from  6  to  24  days. 

Varied  carpet  beetle.  Varied  carpet  beetles  (Anthrenus 
verbasci)  are  widely  distributed  iu  Ae  United  States.  Adults 
are  much  smaller  than  the  black  ca  pet  beetle,  are  rounded 
and  have  a  varied  pattern  of  whitr\  .^rown,  and  yellow  scales 
on  the  back.  Eggs  are  laid  in  v^^rious  locations,  v  here  they 
hatch  in  17  to  1 8  days.  Each  larva  moits,  en  the  average,  7  or 
8  times  over  a  period  of  i\xym  7  to  U  *r.crnths.  Mature  larvae 
are  rarely  more  than  1/4  inch  long  and  ^ear  3  ch.^mps  of  hairs 
on  the  back  end  of  the  abdomen.  The  larva  is  rather  wide  in 
proportion  to  its  length  and  has  6. '  'hippy ' '  app.'jarance  sLice  it 
is  usually  broader  at  the  back  than  at  the  front. 

The  larva  of  this  beetle  is  a  ^icavciger;  it  is  quite  common 
in  nests  of  birds  and  spiders,  on  dead  animals,  and  in  insect 
collections.  It  feeds  on  a  variety  of  animal  products  such  as 


woolens,  carpets,  hides,  feathers,  horns,  bone,  and  insect 
pupae  as  well  as  on  plant  products  such  as  rye  meal,  corn,  red 
pepper,  and  similar  materials.  It  has  also  been  found  in 
drywood  termite  workings  after  ftimigation  has  removed  the 
termites.  Pupae  are  formed  in  the  last  larval  skin  and  take 
about  10  to  13  days  to  develop  into  the  adult. 

Common  carpet  beetle.  Adult  common  carpet  beetles 
(Anthrenus  scophulariae)  are  small,  rounded,  and  gray  to 
black  with  a  varied  pattern  of  white  and  orange  scales  on  rhe 
back.  (See  fig.  1-8,)  There  is  an  orange-red  band  of  scales 
down  the  middle  of  the  back.  They  feed  on  nectar  and  pollen 
in  flowers.  Each  female  deposits  30  to  40  small,  white  eggs 
which  hatch  in  10  to  20  days. 

Larvae  are  active,  frequently  moving  about  rapidly.  They 
are  elongated,  oval,  rarely  more  than  inch  long, 
reddish-brown  and  covered  with  numerous  black  or  brown 
hairs.  There  is  an  average  of  6  molts  over  an  average  period 
of  60  to  70  days,  after  which  pupation  occurs  in  the  last  larval 
skin.  The  puj^  stage  lasts  for  12  to  15  days  before  emei^ence 
of  the  adult.  The  adult  beetle  remains  in  the  old  larval  skin  for 
approximately  1 8  days  before  becoming  active.  Larvae  often 
attack  carpets,  but  they  also  eat  other  woolens,  ftirs,  feathers, 
silk,  museum  specimens,  and  similar  materials. 

Furniture  carpet  beetle.  This  beetle  (Anthrenus  flavipes) 
often  attacks  upholstered  ftimituna.  Adults  are  small, 
rounded,  and  blackish  with  a  mottling  of  yellow  and  white 
scales  on  tlie  back  and  a  heavy  coating  of  yellow  scales  on  the 
femur  of  the  legs  (fig.  1-8).  The  color  pattern  varies 
considerably.  In  some  specimens  the  yellow  scales  arc  darker 
and  more  numerous,  while  in  others  the  white  scales  pre- 
dominate. Females  lay  a  total  of  35  to  100  eggs  in  1  to  3 
batches  which  hatch,  at  room  temperature,  in  about  3  weeks. 
Larvae  have  6  to  12  molts  over  a  period  of  3  to  6  months. 
They  are  oval,  somewhat  elongated,  and  thickly  covered 
with  brownish  hairs.  The  pupa  is  white  and  develops  in  the 
last  larval  skin.  At  room  temperature,  the  pupal  stage  lasts  14 
to  19  days.  The  adult  rests  in  the  pupal  skin  from  1  to  10 
weeks  before  becoming  active. 

While  ftimiture  carpet  beetles  are  often  found  on  ftimiture 
(where  they  feed  on  hair,  padding,  feathers,  and  woolen 
upholstering),  they  are  conmion  feeders  on  other  woolens, 
carpets,  ftir,  bristles,  horns,  silk,  and  other  such  materials. 
They  will  also  feed  on  such  fibers  as  linen,  cotton,  rayon,  and 
jute  that  are  stained  with  animal  excreta. 

Odd  beetle.  This  insect  (Thylodrias  contractus)  has  been 
called  the  "tissue  paper  bug,"  but  this  is  an  unfortunate 
misnomer  It  is  rather  closely  related  to  the  carpet  beetles,  but 
the  general  appearance  of  the  adult  v/ould  hardly  suggest 
such  a  relationship.  Adult  males  have  a  long,  narrow  body 
with  long  legs  and  antennae  (fig.  1-10).  These  characteristics 
contrast  quite  sharply  with  the  rather  oval  body  and  compact 
appendages  of  the  typical  carpet  beetle.  The  male  is 
yellowish  brown  with  a  moderately  dense  covering  of  hair  on 
the  body.  The  elytra,  when  at  rest  over  the  body,  touch  each 
other  on  the  inner  mai^in  for  only  a  short  distance  and  then 
separate  noticeably  toward  the  wing  tip.  This  characteristic, 
plus  the  presence  of  a  single  median  ocellus  between  the 
compound  eyes,  should  serve  to  identify  this  beetle. 

Adult  females  do  not  even  look  like  a  beetle  in  general 
body  form.  The  body  is  broader  and  stouter  than  the  male, 
and  there  are  no  wings .  The  antennae  are  thin  and  about  twice 
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811.  State  how  to  make  surveys  for  fabric  pests. 


(7h  sGtu*!  9iMm)  {i*  actual  •Un) 

Figure  1-10.  Female  (left)  and  male  (right)  odd  beetles. 


as  long  as  the  head  is  wide.  There  is  a  median  ocellus  between 
the  rather  small,  compound  eyes. 

Larvae  are  rather  similar  to  those  of  the  carpet  beetles,  but 
do  not  have  dorsal  elongate  hairs  at  the  tip  of  the  abdomen  nor 
long  hairs  on  the  dorsal  surface  of  the  body.  There  is  a  dorsal 
row  of  large  stout  bristles  across  the  rear  edge  of  each  body 
segment,  and  those  on  the  rear  edge  of  the  prothorax  arc 
distinctly  club  shaped.  The  larva  tends  to  roll  up  in  a  ball 
when  it's  disturbed,  another  aid  in  identification.  These 
insects  attack  dry  animal  matter  and  will  feed  readily  on 
woolen  cloth.  They  have  also  been  known  to  damage  silk. 

This  beetle  is  an  introduced  species  which  seems  to  be 
increa^ng  gradually  in  importance  as  a  household  pest.  The 
wingless  condition  of  the  adult  female  suggests  that  dispersal 
of  the  species  will  depend  primarily  upon  its  being  carried 
from  place  to  place.  This  insect  has  been  found  in  situations 
that  seem  to  be  remote  from  its  normal  food. 


Exercises  (810): 

lb  which  cari>et  beetle  does  each  statement  refer  (black, 
varied,  common,  furniture,  or  odd)? 

  1.    These  adults  arc  small,  rounded, 

and  grey-to-black  with  a  varied 
pattern  of  white  and  orange  scales 
on  the  back. 

  2.    Adult  males  have  a  long,  narrow 

body  with  long  legs  and  antennae. 

  3.    Mature  larvae  wander  greatly  and 

may  be  found  in  many  parts  of  a 
building. 

  4.    Adults  have  pattern  of  white, 

brown,  and  yellow  scales  on  the 
back. 

  5.  Larvae  an;  oval,  somewhat  elon- 
gated, and  are  thickly  covered 
with  brownish  hairs. 

 6.    Larvae  are  frequently  active  and 

move  about  rapidly. 

  7 .    These  larvae  tend  to  roll  up  in  a  ball 

when  they're  disturbed. 

  8.    Mature  larvae  are  generally  less. 

than  1/4  inch  long  and  have  three 
clumps  of  hairs  on  the  posterior 
end. 

  9.    This   species  causes   the  most 

damage  in  most  parts  of  the  U.S. 


Recognizing  Damage  and  Surveying  for  Fabric  Pests. 
In  most  cases  the  presence  of  fabric  pests  goes  undetected 
until  someone  sees  that  furnishings  or  clothes  have  been 
damaged.  You  may  be  called  on  to  fmd  out  whether  or  not  the 
damages  were  caused  by  fabric  pests.  Since  pest  damage  may 
often  resemble  damage  caused  by  such  mechanical  means  as 
scissors,  snags,  punctures,  cigarette  bums,  rodents,  or 
termites,  you  must  be  able  to  tell  the  difference.  The 
descriptions  of  damages  and  the  probable  cause  of  the 
damages  in  table  1  -4  should  help  you.  Keep  in  mind  that  the 
damage  may  be  old  and  may  have  happened  somewhere  else. 

Fabric  pest  detection  requires  a  thorough  knowledge  of 
pest  biology  and  behavior.  Building  occupants  can  also  be  a 
useful  source  of  information.  They  will  know  where  pet 
foods,  mounted  animal  specimens,  insect  collections,  skins, 
furs,  woolens,  seeds,  fertilizers,  and  other  items  likely  to  be 
infested  are  located  or  stored.  They  may  also  know  if  there 
are  bird  nests  under  eaves  or  in  the  attic  or  if  there  are  any 
wasp  nests  around.  By  asking  these  questions,  the  specialist 
may  certainly  save  a  great  deal  of  time  and  trouble. 

You'll  need  to  make  a  thorough  inspection  of  infested 
premises  to  fmd  the  source  of  infestation  before  making  any 
attempt  at  control.  It  is  important  to  remember  that  adults  of 
these  insects  don't  feed  on  woolens  or  on  any  of  the  other 
materials  that  might  be  attacked  by  the  larvae.  The  presence 
of  visible  adults  in  an  area  does  not  necessarily  mean  that 
larvae  are  in  the  same  area,  since  the  adults  may  have  already 
laid  their  eggs  in  some  other  room  of  a  house  and  may  be  just 
moving  around  at  random. 

Larvae  of  both  clothes  moths  and  carpet  beetles  prefer  to 
feed  in  secluded  and  protected  places.  When  you  search  for 
than,  a  good  flashlight  and  a  knife,  nail  file,  or  small  spatula 
are  essential  tools.  Larvae  will  usually  be  found  in  dark 
clothes  closets,  in  furs,  woolens,  bits  of  carpeting,  and  other 
such  materials  in  storage.  They  are  also  found  in  lint, 
especially  under  baseboards  and  around  door  casings,  in  and 
under  upholr'.ered  furniture,  in  collections  of  animal  hair,  in 
air  ducts,  occasionally  in  cereals  iti  the  kitchen,  and 
anywhere  else  where  suitable  food  material  is  available.  As 
you  look  for  carpet  beetle  larvae,  be  especially  careful  to 
examine  under  baseboards  and  aiound  the  bottoms  of  door 
casings.  Use  the  knife  blade  or  nail  file  to  bring  out  bit:  of 
lint.  Examine  these  closely  for  live  larvae  or  their  cast  skin.;. 
Cast  skins  are  sometimes  more  numerous  than  are  live 
larvae,  but  they  arc  such  exact  duplicates  of  larvae  that  they 
can  be  used  for  identification  purposes.  Use  the  flashlight  to 
examine  dark  closets  and  other  such  places. 

You  must  also  consider  certain  natural  sources  of 
infestation.  Always  look  for  articles  of  woolen  clothing  that 
have  been  stored  and  neglected,  and  check  for  old  fumiturc 
and  rugs,  which  may  be  a  source  of  continuing  trouble.  Less 
often  considered  rcservoirs  that  are  equally  important  arc  the 
natural  habitat  of  these  insects.  Such  places  as  nests  built  by 
sparrows,  starlings,  or  other  birds  on  or  inside  the  building 
are  often  sources  of  infestations.  Wasp  nests,  found  quite 
commonly  under  eaves  and  in  attics,  arc  also  conunon 
sources  of  carpet  beetles  and  moths,  whose  larvae  feed  on  the 
cast  larval  skins  and  sometimes  on  the  living  wasp  larvae. 
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Table  1-4 

DAMAGE  ASSESSMENT  FOR  FABRIC  PESTS 


Probable  Cause 
1.     Webbing  Clothes  Moth 


2.    Case  making  Clothes  Moth 


3.  Mechanical  Damage 

4t  Rodents 

5.  Burns 

6.  Black  Carpet  Beetle 


7.     Furniture  and 

Common  Carpet  Beetles 


8.     Hide  Beetles 


9.  Termites 


Damage  Description 

Usually  fixed  silk  tubes  sometin>es  bearing  frass,  this  frass  often 
showing  the  color  of  the  cloth.    Nap  of  wool  eaten  away  in  spots 
if  lightly  damaged;  holes  completely  through  fabric  if  infestation 
is  extensive.    Larvae  may  be  present  in  the  tubes.   If  fur.  hairs 
are  cut  at  base  causing  loose  fur  and  exposing  the  hide  with  some 
webbing  present.    Fecal  pellets  are  bun-shaped. 

Cigar-shaped  cases  1/16"  to  3/8"  (size  depending  on  larval  age) 
usually  attached  to  the  fabric  at  one  end.   Cases  white  or  bearing 
slight  colors  of  the  infested  fabric.   Cases  appear  to  move  about 
if  larvae  are  inside  and  are  stationary  if  they  contain  pupae 
or  if  empty.   If  cases  are  al>sent,  daniage  is  recognized  as 
surface  feeding  in  irregular  furrows  or  when  damage  is  severe, 
by  holes  through  the  fabric.    Webbing  essentially  absent. 

Fabric  actually  cut;  threads  pulled,  broken,  torn,  or  looped; 
and  exposed  ends  frayed.   No  loss  of  threads  unless  section 
of  fabric  torn  out.    Damage  to  neighboring  area  not  expected. 
In  rugs,  loops  puUed  out. 

Damage  is  very  similar  to  mechanical  damage  but  the  damaged  area 
may  be  soiled  and  hairs  may  be  present. 

Irregular  or  round  holes  in  wool  that  may  or  may  not  penetrate 
fabric.   Tips  of  exposed  threads  usually  curled  and  charred. 
In  fur  curling  of  da.naged  hairs;  leather  scorched. 

Fabric  damaged  with  no  traces  of  silk-like  threads.    Much  surface 
damage  with  various  penetrating  holes.   If  infestation  light, 
damage  may  be  limited  to  scattered  holes  with  surrounding  surface 
damage.   A  few  or  many  cast  larval  skins  may  be  present.  Frass 
In  the  form  of  minute  irregular  pellets  often  the  color  of  thfe  fabric. 
In  fur.  hairs  cut  at  base  with  no  Injury  to  hide;  hair  drops  out 
readily  and  hide  may  be  bare  in  severe  infestations.   Cast  skins: 
no  webbing. 

Fabric  damaged  with  no  traces  of  silk-like  threads.    Much  surface 
damage  with  various  penetrating  holes.   If  infestation  light, 
damage  may  be  limited  to  scattered  holes  with  surrounding  surface 
damage.   A  few  or  many  cast  larval  skins  may  be  present. 
Frads  in  the  form  of  minute  irregular  pellets  often  the  color 
of  the  fabric.   In  fur  and  brushes,  principal  damage  to  tips  of  hair 
leaving  numerous  uneven  areas. 

Hide  rather  badly  damaged  on  exposed  side  (not  fabrication  scars). 
If  on  fur,  damage  is  on  tlie  inner  surface;  holes  and  loss  of  hair 
result  from  complete  larval  penetration  of  hide. 

Cotton  or  hemp  binding  of  wool  rug  eaten  leaving  the  wool  untouched. 
Hard  mastic  substance  present. 
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Another  important  reservoir  of  food  material  is  accumulations 
of  animal  hair  in  homes  with  pets.  Shed  hair  may  accumulate 
in  heating  ducts,  beneath  furniture,  or  in  hard-to>clean 
comers.  These  loose  tangles  of  hair  may  sustain  a  small 
population  of  fabric  pests  for  a  long  period  of  time  in  places 
where  all  wool  products  have  been  treated. 


Exercises  (811): 

1 .    In  a  fabric  pest  survey,  why  do  you  inspect  mainly  for 
larvae? 


2.    What  survey  tools  do  you  need? 


3.    List  five  indoor  areas  where  you  should  check  for  fabric 
pests. 


4.    List  two  outdoor  areas  that  are  often  pest  reservoirs. 


812.  Verify  or  correct  statements  about  fabric  pest 
controls. 


Controlling  Fabric  Pests.  Prevention  and  correction  of 
fabric  pest  infestations  require  special  skills,  an  ex^-^nsive 
knowledge  of  the  problem,  and  careful  workmai-^nip. 
Preventive  measures,  in  general,  must  be  the  key  to  fabric 
insect  control  because  once  a  **hole"  is  made,  the  damage  is 
done.  Three  areas  of  preventive  procedures  are  preventive 
sanitation  and  related  chemical  measures,  actual  protection 
by  mothproofing,  and  control  of  existing  infestations. 

Much  can  be  done  to  prevent  trouble  by  household 
cleanliness — thorough  and  Sequent  cleaning  with  a  vacuum 
cleaner,  brushing,  airing,  and  drycleaning  susceptible 
clothing— and  by  avoiding  locations  predisposed  to  infestation 
such  as  wall-to-wall  carpeting  and  prolonged  storage  of 
discarded  garments ,  bedding ,  and  old  i  ags .  Remember  that  a 
clean  environment  is  not  conducive  to  fabric-destroying 
insect  activity.  In  all  moth  and  carpet  beetle  control  work,  it 
is  essential  to  eliminate  as  many  breeding  places  as  possible. 
Old  pieces  of  woolen  fabric,  cutoff  pieces  of  carpeting,  old 
feather  pillows,  and  other  such  sources  of  food  should  be 
destroyed  and  the  areas  under  baseboards,  behind  door 
casings,  under  heat  radiators,  and  inside  furnace  registers 
should  be  thoroughly  cleaned  with  a  vacuum  cleaner  to 
remove  as  much  lint  as  possible.  A  professional,  strong- 
suction  vacuum  cleaner  is  a  good  piece  of  special  equipment 
for  such  an  operation. 

Several  approaches  can  be  made  to  the  use  of  insecticides 
as  preventive  treatment  in  close  association  with  sanitation. 
The  most  common  is  the  use  of  Paradichlorobenzene  (PDB) 
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as  a  repellent  and  continuous  fiimigant  in  storage.  Woolens 
to  be  stored  should  be  interspaced  with  crystals  of  this  material 
placed  in  clean  paper  as  the  fabrics  are  packed  into  tightly 
sealed  trucks  or  boxes.  Napthalene  (mothballs),  although  less 
desirable  to  use,  is  effective  at  the  same  rate.  Cedar  closets 
and  most  cedar  chests  are  ineffective.  Fur  storage  in  cold 
vaults  is  a  worthwhile  preventive  measure. 

Mothproofing.  Mothproofing  and  moth  control  arc  two 
different  things.  Mothproofing  implies  prevention  to  avoid 
infestation.  Moth  control  is  the  correction  of  an  existing 
infestation.  Mothproofing  is  often  done  by  a  special  treat- 
ment during  the  manufacture  of  woolen  fabric.  Sometimes 
it  is  a  service  of  the  drycleaning  industry.  You  will  most 
often  engage  in  mothproofing  in  connection  with  rugs,  furni- 
ture, and  carpets. 

Various  mothproofers  give  semipermanent  protection 
from  moth  to  carpet  beetle  damage.  These  chemicals  depend 
either  on  poisoning  the  fabric  so  the  larvae  will  be  killed  by 
very  light  feeding  or  on  leaving  a  residual  film  that  will  kill 
larvae  that  contact  it,  or  a  combination  of  both. 

Many  fabrics  treated  with  mothproofing  solution  at  the 
time  of  manufacture  are  safe  from  damage  until  the  chemicals 
are  removed,  either  by  washing  or  by  drycleaning.  You 
should  never  try  to  mothproof  clothing.  When  the  house- 
holder wants  to  have  clothing  treated,  recommend  that 
the  treatment  be  done  during  diycleaning.  Such  mothproofing 
is  usually  quite  effective  for  the  time  between  cleanings  or  for 
storage  over  summer  months. 

Suitable  chemicals  for  mothproofing  are  2  percent 
malathion  or  0.5  percent  lindane  used  as  spot  treatment  for 
the  critical  areas.  In  carpets,  this  would  be  around  baseboard 
areas  and  under  furniture.  In  furniture,  this  would  be  around 
seams,  buttons,  cracks,  crevices,  and  padding  axeas.  Observe 
the  concentrations  indicated  because  high  quantities  of  some 
will  result  in  **blooming"  of  insecticide  on  the  surface  of 
fabric.  These  chemicals  are  removed  to  some  extent  by 
washing  and  drycleaning;  always  follow  the  manufacturer's 
recommendations  as  to  length  of  control. 

Mothproofers  may  be  applied  as  either  oil-base  or  v«^ter- 
base  chemicals.  Where  there  are  rubber  pads  or  rubber 
fabric  backing,  a  water  base  is  always  preferable— the  oil 
will  distort  and  damage  the  rubber.  With  either  type,  you 
should  first  apply  some  of  the  chemical  to  a  small,  incon- 
spicuous part  of  the  fabric  or  to  some  scraps  to  be  sure  the 
dyes  won't  be  affected. 

To  apply  mothproofers,  a  1  gallon,  compressed-air 
sprayer  is  usually  preferable  to  power-operated  or  atomizing 
equipment.  Mothproofing  solutions  should  be  applied  only 
as  a  wet  spray  directly  to  the  material.  Use  a  hollow-cone, 
fan,  or  solid-cone  nozzle  that  delivers  about  0. 1  gallon  per 
minute. 

Make  applications  to  upholstery  fabrics  lightly  and  rapidly. 
Don't  soak  the  fabric,  because  you'll  almost  certainly  stain  it. 
Give  special  attention  to  the  padding  of  upholstered 
furniture;  it's  often  feathers  or  horsehair,  and  it's  susceptible 
to  insect  damage. 

When  you  treat  carpets,  be  careful  to  prevent  staining  or 
soiling.  If  possible,  the  carpet  should  be  cleaned  before  you 
treat  it.  You  can  treat  with  water-base  chemicals  immediately 
after  cleaning,  but  if  your  mothproofer  is  in  an  oil  base,  the 
carpet  must  be  dry.  Be  very  careful  not  to  soil  the  treated 

23 


465 


carpet  with  dirt  from  your  shoes.  Use  either  polyethylene  or 
flannel  slip-on  covers,  such  as  those  used  by  window 
trimmers,  to  cover  your  shoes  or  carry  a  clean  pair  of  shoes  to 
be  used  only  inside  the  house. 

It  is  best  to  remove  all  furniture  from  a  room  before  you 
treat  it.  This  is  not  always  possible  due  either  to  the  size  and 
weight  of  the  furniture  involved  or  to  a  lack  of  space  to  put  it 
elsewhere  in  the  house.  You  can  move  the  furniture,  treat  the 
carpet,  and  return  the  furniture  if  you  place  some  kind  of 
temporary  pad  under  the  casters  or  skids  on  the  bottom,  as 
well  as  entirely  underneath  wood  or  metal  which  may  touch 
the  carpet.  If  you  don't  do  this,  you'll  end  with  rust  marks  on 
the  carpet  from  metal  parts  or  stain  marks  from  the  wooden 
parts  of  furniture.  Both  types  of  stain  are  almost  impossible  to 
remove  and  may  result  in  damage  claims.  Corrugated 
cardboard  cut  into  strips  or  squares  makes  good  pads  for  this 
purpose,  as  do  folded  paper  towels  and  small  paper  or 
aluminum  pie  plates.  These  pads  should  not  be  removed  until 
the  carpet  is  thoroughly  dry,  usually  a  matter  of  2  or  3  days. 
Be  very  careful  to  tell  the  occupant  to  keep  small  chi:  dren  and 
pets  out  until  the  furniture  and  rugs  are  thoroughly  dry,  since 
any  mothproofing  chemicals  are  poisonous  to  some  degree 
while  they're  wet. 

Controlling  existing  infestations.  Corrective  measures  to 
get  rid  of  an  existing  moth  or  carpet  beetle  infestation  is  the 
phase  of  this  work  most  commonly  engaged  in  by  pest 
managers.  It  consists  of  thoroughly  evaluating  the 
infestation,  instituting  sanitation  measures,  and  then  (and 
only  then)  applying  chemicals  where  they're  needed. 

When  infestations  are  not  heavy,  application  of  a  good 
contact  spray  will  kill  both  adults  and  larvae  that  are  exposed 
to  it.  Synergized  pyrethrins,  DDVP,  and  resmethrin  will  be 
effective.  Apply  these  sprays  closely  to  cracks  and  crevices 
with  as  much  force  as  possible  to  drive  in  the  spray  deeply.  In 
closets,  arn  aerosol  spray  is  frequently  effective.  With  all  such 
applications,  take  care  to  avoid  staining  clothes,  walls,  or 
furniture.  You  might  get  good  results  by  using  a  mist  or  ULV 
machine  to  treat  a  room  or  even  a  whole  house — but  be  sure  to 
cover  all  food,  food  containers  and  fish  tanks  and  to  remove 
any  plants  that  might  be  damaged. 

For  heavier  infestations  and  for  building  areas  that  need 
longtime  protection,  use  residual  insecticides.  You  can  spot 
treat  with  liquid  formulations  of  the  insecticides  listed  for 
mothproofing.  You  can  spray  nonfabric  areas  with  0.5 
percent  Dursban,  1  percent  diazinon,  or  2  percent  malathion. 
Make  dust  application  of  2  percent  diazinon  or  5  percent 
malathion  for  such  hard-to-reach  places  as  wall  voids  or  false 
floors.  Use  the  same  methods  of  application  and  general 
handling  of  fabrics  and  fabric  products  as  for  mothproofing. 

If  furniture  is  infested,  you  may  have  to  open  cushions  or 
remove  the  covering  from  the  boUom  of  sofas  and  chairs  to 
expose  the  padding  for  treatment  with  sprays  that  won't  hurt 
it.  You  can  also  dust  it  thoroughly  with  a  suitable  dust. 
Generally,  a  dust  application  is  better,  as  there  is  no  drying 
time  involved  and  the  results  are  long  lasting. 


Exercises  (812): 

Identify  the  following  statements  as  being  true  (T)  or  false 
(F).  Correct  any  false  statements. 

  1 .     Household  sanita  tion  plays  a  minor  part  at  best 

in  preventing  fabric  pests,  since  they  feed  on 
such  a  wide  variety  of  materials. 


2.  Repellent  chemicals  such  as  PDB  are  useful  for 
keeping  fabric  pn^sts  from  attacking  stored 
materials. 


3 .  Cedar  closets  and  most  cedar  chests  are 
ineffective  for  pn^venting  fabric  pv-^t  in- 
festations. 


4.     Mothproofing  carpet:;  gives  permanent  control 
against  fabric  pests. 


5.     You   should   never   attempt   to  mothproof 
clothing. 


6.     When  you  use  residual  sprays  to  mothproof  a 
carpet,  you  should  treat  the  entire  carpet. 


7.  Before  spraying  a  carpet,  you  should  apply  the 
chemical  to  a  sample  or  hidden  part  to  make 
sure  the  chemical  won't  discolor  or  damage  the 
carpet. 


8.  In  spraying  upholstery,  you  need  a  heavy 
application  to  penetrate  the  thick  fibers 
thoroughly. 


9.  If  a  carpet  is  still  wet  from  cleaning  before 
chemical  treatment,  you  should  only  use  a 
water-base  spray. 


1 0.  When  existing  infestations  aren't  heavy,  a  good 
contact  spray  is  effective  for  controlling  all 
adults  and  larvae  it  contacts. 


EKLC 


24  46b 


CHAPTER  2 


Structural  Pests 


STRUCTURAL  pesls  are  the  most  important  pests,  from  an 
economic  standpoint,  on  military  installations.  These  pests 
include  iiingi,  termites,  powder-post  beetles,  carpenter  bees, 
and  carpenter  ants.  You  must  be  very  familiar  with  these 
pests  because  it  is  your  responsibility  to  prevent  pest  damage 
to  all  base  facilities.  Your  duties  include  making  frequent 
inspections  and  taking  preventive  and  corrective  action  to 
keep  structures  free  from  structural  pests.  This  chapter  will 
cover  the  importance,  descriptions,  and  general  characteristics 
of  the  more  important  structural  pests  and  the  preventive  and 
corrective  controls  you  can  use  to  keep  base  structures  free 
from  destructive  fungi,  term'tes,  powder-post  beetles, 
carpenter  bees,  and  carpenter  ants. 


2-1  •  Subterranean  Termites 

You  will  more  than  likely  be  spending  a  lot  of  time  on  the 
job  inspecting  base  facilities  for  termites  and  then  controlling 
them.  It  is  part  of  your  responsibility  to  prevent  damage  by 
termites  whenever  possible  as  well  as  to  detect  early 
infestations  and  take  action. 


813«  Cite  details  of  the  importance  and  life  history  of 
subterranean  termites. 


Importance  of  Tfermites.  Tfermltes  arc  the  most 
destructive  insect  pests  at  military  activities,  and  of  all  pests, 
they  rank  second  only  to  wood-destroying  fungi.  They  may 
damage  u  building  enough  for  condemnation.  They  eat  wood 
and  other  cellulose  products,  such  as  paper,  cardboard,  and 
fiberboard  and  will  destroy  structural  timbers,  pallets, 
crates»  tool  handles,  furniture,  books,  and  other  wood 
products.  Also,  in  their  search  for  food,  they  will  damage 
many  materials  that  they  don't  normally  eat.  In  tunneling 
through  the  ground,  subterranean  termites  can  penetrate 
lead-covered  and  plastic-covered  electrical  cable  and  thus 
short  out  electrical  systems. 

The  order  Isoptera  consists  entirely  of  termites^  which  arc 
primitive  insects  closely  related  to  cockroaches.  In  nature 
they  help  to  convert  deadwood  and  other  materials 
containing  cellulose  to  humus.  From  this  standpoint » 
tennites  arc  very  beneficial  animals.  Only  when  people 
started  to  build  in  the  natural  home  of  the  termite  did  they 
start  feeding  on  our  buildings.  Tfermites'  digestive  tracts 
harbor  certain  one-cell  organisms  that  convert  cellulose  into 


simple  substances  the  termites  can  digest,  Tbrmites  are  social 
insects,  with  division  of  labor  between  different  types  of 
individuals  (castes).  Nearly  all  termite  species  have 
reproductive  and  soldier  castes.  In  many  termite  societies 
there  is  a  distinct  worker  caste,  but  in  many  of  the  more 
primitive  species,  the  typical  duties  of  the  workers  (nest 
building,  food  gathering,  and  feeding  of  rcproductives  and 
soldiers)  are  handled  entirely  by  the  nymphs.  Even  in  species 
with  workers,  the  older  nymphs  usually  do  much  of  the  work, 
earning  the  title  of  functional  workers.  The  literature  on 
subterranean  termites  has  many  references  to  the  worker 
caste.  Recent  investigations  of  living  colonies  indicate  that 
there  may  not  be  a  true  worker  caste  in  our  common  North 
American  species  and  that  what  we  have  long  considered  to 
be  workers  arc  actually  late  instar  nymphs. 

Workers  and  nymphs  of  subterranean  termites  do  all  the 
work  of  the  colony,  and  they're  the  forms  that  do  all  of  the 
structural  damage  tliat  concerns  pest  managers.  Soldiers 
serve  only  to  defend  the  coiony  against  its  enemies  and 
cannot  eat  wood.  They,  together  with  the  rcproductives,  arc 
fed  by  the  workers.  Both  workers  and  soldiers  arc  blind. 

Winged  adults  are  rcferred  to  as  the  primary  rcprcxiuctives. 
They  leave  the  c  >lonies  on  colonizing  flights  at  certain 
seasons  of  the  year.  After  these  flights,  they  lose  their  wings 
and  build  a  small  cell  in  which  they  mate,  reproduce,  and  rcar 
the  first  group  of  workers.  Wherc  these  primary  forms  arc 
not  prcsent,  supplemental  or  secondary  rcproductives 
without  pigmentation  or  fiinctional  wings  occur,  often  in 
large  numbers.  Each  termite  colony  is  self-supporting  and 
essentially  independent  of  other  colonies. 

Life  History.  The  stages  in  the  life  history  of  subterra- 
nean termites  arc  essentially  the  same  for  the  various  species  of 
concern  to  you.  Ifermites  develop  from  eggs  laid  by  the 
primary  or  secondary  rcproductives  (fig.  2-1).  Nymphs 
hatch  from  the  eggs  and  undergo  several  molts,  through 
which  differcnt  individuals  develop  into  various  forms.  Four 
differcnt  castes  can  develop  from  nymphs:  workers, 
soldiers,  primary  (winged)  rcproductives,  and  suf^lementary 
rcproductives.  In  new  colonies,  nymphs  from  the  first  small 
batch  of  eggs  u'ually  all  become  workers.  Other  forms 
normally  arc  not  produced  until  later  egg  laying. 

In  species  that  have  workers » they  arc  the  most  numerous 
caste»  doing  all  the  work  of  the  colony — feeding  the  other 
forms,  grooming  the  queen,  excavating  the  nest,  and  making 
the  tunnels.  In  the  process  of  making  nests  and  tunnels  and 
ingesting  foe  J,  they  chew  and  eat  cellulose,  thus  causing  the 
destruction  that  gives  them  economic  importance.  Worker 
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Figure  2> I.  The  termite. 

termites  are  usually  light  colored  and  do  not  have  wings  or 
other  specialized  structures. 

Soldier  termites  protect  the  colony  from  its  enemies. 
Their  heads  arc  large  and  quite  hard,  and  they  have  much 
larger  jaws  than  the  other  forms.  When  openings  are  made 
into  termite  workings,  the  soldiers  gather,  with  their  large 
heads  and  strong  mandibles  facing  outward,  to  protect  the 
colony  from  invaders. 

Secondary  reproductives  of  both  sexes  arc  wingless  or 
have  only  very  short  vings.  These  forms  are  developed  as 
needed  and  quickly  take  the  place  of  a  queen  who  is  injured  or 
dies.  They  usually  develop  in  addition  to  the  regular  queen 
and  become  the  most  important  source  of  eggs  in  the  colony. 
Others,  with  a  group  of  males  and  workers,  may  become 
isolated  from  the  colony  and  establish  a  new  one,  thus 
spreading  the  original  infestation  without  being  visible  above 
ground  at  any  time. 

Primary  reproductives  (s warmer  termites)  are  the  forms 
most  often  seen  by  building  occupants.  The  winged  adults  are 
usually  much  darker  than  the  other  members  of  the  colony. 
All  four  wings  arc  the  same  length  and  extend  morc  than  the 
lengtli  of  the  body  beyond  the  tip  of  the  abdomen.  Both  male 
and  female  reproductives  leave  the  colony  in  great  numbers, 
usually  in  the  spring  or  fall,  in  swarms  which  arc  often  the 
first  visible  indication  that  termites  are  present.  Environ- 
mental conditions  have  to  meet  certain  requirements  before 
termites  will  swarm.  The  temperature,  moisture  (inside  and 
outside  the  colony),  light  conditions,  and  even  barometric 
pressure  influence  swarming.  As  a  general  rule,  swarmers 
emerge  on  warm  sunny  days  when  the  humidity  is  high. 

After  a  brief  flight,  the  wings  break  off  and  males  and 
females  pair  and  try  to  establish  a  new  colony.  They  are 
particularly  defenseless  at  this  time,  and  many  die  or  are 
killed  by  their  natural  enemies.  Each  surxiving  pair  will 
make  a  small  cell  in  which  they  will  mate  and  lay  eggs. 
Although  this  is  the  classical  cycle  of  termite  reproduction, 
there  is  an  unfortunate  tendency  to  overemphasize  the 
importance  of  the  primary  queen.  Secondary  reproductives 
arc  rcsponsible  for  the  production  of  most  of  the  eggs  within  a 
colony  after  it  has  become  established.  In  a  colony  of  one 
million  individuals,  the  queen  may  have  laid  as  few  as  10,000 
of  the  eggs  from  which  individuals  develop,  with  supple- 
mentary rcproductives  responsible  for  the  remainder. 

Swanr.^r  termites  arc  often  confused  with  flying  or 
swarmer  ants.  Since  ants  are  often  seen  swarming  around 
buildings,  it  is  important  to  be  able  to  distinguish  the  two  so 
appropriate  control  recommendations  can  be  made.  Ants 


have  a  very  thin  waist  between  the  thomx  and  the  abdomen, 
while  termites  arc  bn)ad  waistcd.  Termite  wings  arc  all  about 
the  same  size  and  shape,  where  the  foivwings  of  the  ant  :\rc 
larger,  longer,  and  of  a  different  shape  from  the  hindwings. 
A  third  difference  involves  the  antennae;  termite  antennae 
are  straight,  and  ant  antennae  arc  elbowed. 

Exercises  (813): 

1.    How  do  termites  rank  among  the  destructive  pests  at 
military  activities? 


2.    List  five  substances  termites  cat. 


3.    How  are  termites  beneficial? 


4.    Which  members  of  a  termite  colony  do  all  the  work? 


5.    In   colonies   that   have    workers,    what   arc  their 
responsibilities? 


6.    What  caste  is  the  most  important  in  terms  of  egg 
production? 


7.    Which  termite  form  is  most  often  seen  by  building 
occupants? 


8.    Compare  swarming  termites  and  ants  in  terms  of  body 
shaF>e,  wings,  and  antennae. 


814.  State  how  the  environment  affects  termites. 


The  Termite  and  its  Environment.  Subterranean 
termites  are  very  closely  dependent  uf)on  a  complex  of 
environmental  factors  that  normally  restrict  the  colony  to 
the  soil.  We  mentioned  contact  with  the  soil  as  a  source  of 
moisture,  and  although  this  is  the  fundamental  need,  the 
simple  statement  that  moisture  is  essential  tends  to  make  the 
relationship  seem  morc  simple  than  it  really  is. 

The  workers,  soldiers,  supplementary  reproductives,  and 
nymphs  are  soft-bodied  insects  which  tend  to  lose  water  very 
rapidly  upon  exposure  to  dry  air.  This  fact  illustrates  one  of 
the  important  functions  of  an  available  moisture  source,  and 
it  is  reflected  in  the  habit  of  construction  of  tubing  when  the 
termites  pass  over  exposed  areas.  While  these  tubes  .serve  as 
a  means  of  concealment  and  also  to  some  extent  as  a 
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mechanical  barrier  against  intrusion  of  ants,  moisture 
retention  and  preservation  of  high  humidity  arc:)und  the 
termite  is  probably  the  most  important  function.  The 
termites'  negative  response  to  light  is  intimately  involved 
with  keeping  the  rermite  in  a  conccalea  environment,  and  it 
may  have  started  as  a  response  to  the  great  problem  of  water 
loss. 

The  mere  retention  of  moisture  is  not  the  only  important 
facet  of  the  termite's  life  that's  associated  with  water.  The 
warm,  moist  conditions  within  the  closed  system  of  the  nest 
provide  an  ideal  site  for  the  growth  of  micro-organisms, 
particularly  fungi,  which  apparently  provide  protein  and 
vitamins  that  are  essential  to  the  termite.  The  accumulation  of 
fecal  material,  in  turn,  adds  to  the  material  available  to 
promote  the  growth  of  the  fungi. 

The  most  striking  facet  of  tliis  intricately  interdependent 
system  is  the  delicacy  with  which  it  is  balanced.  It  is  not  rare 
to  discover  ♦He  remains  of  a  termite  colony  that  is  slowly 
being  crowded  out  by  fungi  that  have  grown  too  fast  for  the 
termites  to  ''keep  up  with  it,"  If  sudden  temperature  shifts  or 
other  factors  cause  water  to  accumulate  in  the  galleries,  the 
termites  may  literally  drown.  Each  autumn  the  termites  in  the 
temperate  zone  normally  respond  to  more  gradual 
temperature  changes  by  moving  downward  in  the  soil  where 
the  necessary  stable  conditions  of  temperature  and  humidity 
can  be  maintained.  In  the  following  spring,  the  colony  then 
seems  to  respond  to  increased  temperatures  and  moisture  in 
the  soil  above  and  again  moves  upward. 

Colony  DevelopmeD^ .  A  relatively  new  colony  of 
subterranean  termites  will  normally  consist  of  the  original 
pair  of  reproductives,  a  few  dwarf  workers,  and  one  dwarf 
soldier.  During  the  second  year,  the  young  reproductives 
may  be  found.  A  fiall  2  years  is  required  for  the  complete 
development  of  the  reproductives.  In  older  colonies, 
supplementary  reproductives  may  help  with  colony 
development,  producing  thousands  of  eggs  and  a  quarter  of  a 
million  termites.  In  the  colonies  of  subterranean  termites,  the 
worker  caste  predominates.  The  workers  are  small,  cream 
colored,  soft  bodied,  and  sexless.  The  soldiers  have  large 
heads  with  specialized  mouth  parts  and  are  normally 
incapable  of  feeding  themselves. 

During  periods  of  favorable  weather,  mature  colonies 
may  produce  new  swarms  of  dark-bodied,  winged 
reproductives.  The  time  of  emei^gence  will  depend  on 
geographic  area,  climatic  conditions,  the  species  of  termite 
involved,  and  other  factors  such  as  the  temperature  of  the 
building  or  soil.  In  temperate  areas,  the  emeigence  of 
termites  may  be  expected  in  the  spring,  and  depending  on 
species,  also  at  odd  cimes  during  the  summer  and  fall.  If  the 
emergence  occurs  within  a  building,  the  flying  termites  may 
constitute  a  considerable  nuisance.  Since  the  reproductives 
may  be  emerging  as  fast  as  the  opening  size  permits,  residual 
insecticides  or  contact  insecticides  used  as  sprays  or  mists 
will  be  of  little  value.  Injecting  contact  insecticides  into  the 
emergence  openings  can  provide  some  relief,  but  if  nothing  is 
done,  the  emergence  will  last  for  only  a  few  hours. 


Exercises  (814): 

1 .    Why  do  workers,  soldiers,  and  secondary  reproductives 
need  to  live  in  a  high-humidity  environment? 


2.    NVhat  other  purpose  docs  humidity  serve  in  the  colony? 


3.    What  termites  are  genemlly  included  in  a  relatively  new 
termite  colony? 


4.    What  factors  govern  ihe  time  of  primary  reproductives 
swarming  from  a  termite  colony? 


815.  Identify  species  of  subterranean  termites  with  their 
appearance  and  characteristics. 


Subterranean  Dsrmites  of  North  America.  The  large 
majority  of  termite  damage  in  the  United  States  is  caused  by 
subterranean  termites  although,  in  certain  specific  areas, 
others  may  be  the  principal  problem.  Several  species  of  the 
genus  Reticulitennes  comprise  our  most  important  and 
widespread  group  of  subterranean  termites. 

Subterranean  termites  differ  from  the  dry-wood  and 
damp-wood  termites  in  that  colonies  usually  need  contact 
with  the  soil  to  get  enough  water  to  survive.  In  a  few  cases, 
where  structural  timbers  are  damp  enough,  colonies  can 
survive  without  ground  contact,  but  this  is  not  common.  The 
underground  colony  lives  in  a  series  of  chambers  and 
galleries,  from  which  they  build  mud  tubes  to  the  wood  they 
use  as  food. 

Eastern  subtermnean  termite.  The  eastern  subterranean 
termite,  tleticulitermes  flavipes,  is  thought  to  be  the  most 
common  and  widely  distributed  termite  in  North  America.  It 
is  found  from  Ontario,  Canada,  south  to  Florida  and  west  to 
Arizona  and  Utah.  This  very  destructive  termite  damages 
building  timbers  and  contents,  fence  posts,  utility  poles,  and 
occasionally,  living  plants.  Swarming  starts  as  early  as 
February  in  the  Southern  States  and  as  late  as  May  or  June  in 
the  colder  areas.  There  may  be  late-fall  swarming,  from 
September  to  November.  Swarms  have  occurred  every 
month  of  the  year  where  there  are  heated  slabs. 

Light  southeastern  subterranean  termite.  The  light 
southeastern  subterranean  termite,  Reticulitermes  hageni, 
occurs  from  the  District  of  Columbia  south  to  Florida  and 
west  to  Ibxas  and  Kansas.  Swarming  occurs  from  August  to 
October  in  the  northern  part  of  its  range  and  from  October  to 
February  in  Florida. 

Southeastern' subterranean  termite.  The  southeastern 
subterranean  termite,  Reticulitennes  virginicus,  is  found 
from  Philadelphia  south  to  Florida  and  west  to  eastern  Texas 
and  Oklahoma.  Swarming  flights  occur  in  May  or  June  with 
some  fall  flights  in  October  and  November. 

Pacific  Coast  subterranean  termite.  The  Pacific  Coast 
subterranean  termite,  Reticulitermes  hesperus,  is  the  most 
destructive  subterranean  termite  on  the  West  Coast.  This 
termite  excavates  galleries  in  wood  similar  to  those  of  the 
eastern  subterranean  termite,  spotting  the  wood  with  dirty, 
yellowish-brown  fecal  spots.  It  builds  shelter  tubes,  but  less 
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commonly  than  the  eastern  termites.  This  term  te  is  found 
from  British  C'>lumbia  south  to  western  Mexico  and  cast  to 
Idaho  and  Nevada,  It  is  a  slow  developing  species  with  the 
flight  of  iTcproductives  not  usually  occurring  from  new 
colonies  until  after  the  fourth  y^an 

Formosan  termite.  Another  subterranean  termite  that  has 
been  found  in  the  continental  United  States  as  well  as  Hawaii 
is  the  Formosan  subterranean  termite,  Coptotermes  fonno- 
sanus.  Since  1965  this  termite  has  been  found  in  several 
cities  along  the  coast  lines.  The  number  of  infestations 
already  located,  the  evidence  of  large,  widoly  dispersed 
swarms,  and  the  fact  that  some  infestations  appear  to  have 
been  active  for  years  suggest  that  this  termite  is  now  firmly 
established  on  this  continent.  It  is  one  of  the  world's  most 
aggressive  and  economically  important  species  of  termite, 
and  it  has  been  reported  to  cause  more  damage  to  structures 
in  Hawaii  than  any  other  insect.  They  represent  an  extreme 
economic  hr'^ard  in  all  areas  where  they  become  established. 
Although  subterranean  in  nature,  the  termite  is  quite  active 
without  soil  contact  as  long  as  there's  enough  moisture  to 
support  the  colony.  Although  this  termite  is  found  mainly 


in  tropical  regions,  it  has  moved  into  more  temperate  areas 
in  shipments  of  infested  wood  and  wood  products.  Figure 
2-2  compares  Formosan  termites  to  other  species. 

Formosan  termite  nests  are  made  of  a  combination  of 
chewed  wood,  saliva,  and  excrement  called  carton.  No  other 
termite  in  the  United  States  builds  such  nests.  The  primary 
nest  is  usually  near  a  source  of  food  iu  or  on  the  soil ,  Foraging 
galleries  lined  with  carton  material  are  then  built  to  the  food 
source. 

Auxiliary  nests  often  are  built  in  the  walls  of  buildings  or 
in  the  food  source.  When  a  nest  or  gallery  is  disturbed,  the 
Formosan  termite  soldiers  are  usually  present  in  larger 
numbers  and  are  more  aggressive  than  native  termites. 

Formosan  termites  are  easily  recognized  as  soldiers  or  as 
winged  reproductives.  Their  characteristic  carton  nests  also 
are  easily  identifiable.  The  Formosan  tennite  soldier  is 
characterized  by  an  oval,  or  egg-shaped,  head  that  is  shorter 
than  the  heads  of  native  termites.  When  you  inspect  an 
infested  timber,  soldiers  are  more  abundant  than  witii  our 
native  termites.  Further,  the  soldiers  are  more  aggressive 
and  will  attack  anything  used  to  probe  the  damage.  When 
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they're  disturbed,  the  soldiers  exude  a  white  substance  from 
the  fontanelle,  which  is  a  tubelike  gland  readily  seen  on  the 
top  of  the  head.  The  fontanelle  is  small  and  barely  visible  on 
native  termites. 

The  winged  reproductives  of  the  Formosan  termite  are 
yellowish  brown  and  12  to  15  mm  long.  Native  subterranean 
termites  are  10  mm  long.  The  ocelli  of  the  Formosan  termite 
are  lai^ge,  whereas  they  are  small  on  native  termites.  Tiny 
hairs  not  present  on  the  wings  of  native  termites  can  be  seen 
on  the  wings  of  the  Formosan  termite  under  low  magnifica- 
tion. The  workers  and  nymphs  of  the  Formosan  termite  are 
not  easily  distinguished  from  other  termite  species,  so  look 
at  winged  reproductives  and  soldiers  whon  you  try  to  iden- 
tify the  Formosan  termite. 

Desert  termite.  In  addition  to  the  members  of  the  genera 
Reticulitennes,  and  Coptotermes,  the  soldierless,  nasuti- 
form,  and  desert  termites  are  subterranean  in  habit.  Of  these, 
only  the  desert  termite,  Amitermes  wheeleri,  damages 
buildings.  This  species  is  distributed  from  southwestern 
Texas  through  Arizona  and  Nevada  to  California.  In  nature, 
they  live  in  dead  trees,  stumps,  and  cactus  plants.  They  are 
strong  fliers  and  invade  buildings  built  in  arid  areas. 


Exercises  (815): 

To  which  species  of  subterranean.  North  American  termite 
does  each  statement  refer  (eastern,  light  southeastern, 
southeastern,  Pacific  Coast,  Formosan,  or  desert)? 


1.  Relatively  new  to  North  America, 
this  is  one  of  the  world's  most 
aggressive  and  economically  im- 
portant termites. 

2.  Although  shelter  tubes  are  built  by 
this  termite,  they  are  less  common 
than  with  the  eastern  subterranean 
termite. 

3.  This  species  swarms  from  August 
to  October  in  its  northern  range 
and  from  October  to  February  in 
Florida. 

4.  Thjs  is  the  most  common  and 
widely  distributed  termite  in  North 
America. 

5.  The  range  of  this  termite  is  from 
the  District  of  Columbia  to  Florida 
and  as  far  west  as  Texas  and 
Oklahoma. 

6.  Colonies  develop  slowly  wirh  this 
species,  with  reproiiactive  flights 
from  a  new  colony  not  occurring 
until  af^er  the  fourth  year. 

7.  Although  subterranean  in  nature, 
these  termites  can  be  very  active 
without  soil  contact  if  the.^'s 
enough  moisture  available  in  the 
wood. 

8 .  This  is  the  most  destructive  subter- 
ranean termite  on  the  West  Coast. 

9.  These  termites  arc  strong  fliers  and 
invade  buildings  in  arid  areas. 


10.  With  this  species,  swarms  have 
occurred  in  every  month  of  the 
year  where  associated  with  heated 
slabs. 


816,  Verify  or  correct  statements  about  termite  damage 
patterns  and  surveys. 


Damage  Pdtterns,  Depending  on  the  design  and  building 
materials  used,  the  quality  of  workmanship,  and  certain 
environmental  factors,  a  given  structure  will  be  subject  to 
attack  by  a  given  species  of  termites  in  a  particular  manner. 
Tfcrmite  attacks  in  several  similar  buildings  are  so  similar  that 
you  can  f\.\d  a  predictable  pattern. 

In  their  blind  probing  for  new  sources  of  food, 
subterranean  termites  construct  exploratory  tunnels  through 
the  soil.  These  tunnels  emerge  above  the  ground  level  and  are 
then  usually  cemented  securely  to  solid  objects,  such  as 
foundation  walls  and  piers  or  pipes.  These  tunnels  of  earth 
and  other  materials  can  continue  upward,  when  protected, 
until  the  termites  find  food.  They  often  reach  heights  of 
several  feet.  If  solid  objects  block  their  path,  the  termites  will 
continue  probing  until  they  have  found  or  created  a  passage. 
They  can  penetrate  expansion  joint  fillers.  They  can  also  use 
natural  cracks  in  foundation  walls.  Because  the  spaces 
between  bricks  or  building  blocks  are  rarely  completely 
filled,  termites  may  use  these  areas.  Hollow-tile  foundations 
can  provide  a  nearly  perfect  approach  to  structural  wood,  as 
the  termite  tubes  are  well  protected  and  are  not  detected 
during  inspections. 

Once  gaining  entry  to  the  wood  of  a  building,  the  termites 
may  carry  on  their  destruction  for  several  years  before  they 
are  found.  The  use  of  termite  shields  will,  if  the  shields  are 
properly  installed  and  maintained,  force  the  termites  to 
extend  their  tubes  out  over  the  surface  of  the  shields  and  thus 
will  facilitate  inspections.  In  buildings  comprised  primarily 
of  concrete  and  masonry,  damage  may  be  limited  to  such 
wooden  items  as  doors  and  window  frames,  baseboards,  and 
insulating  materials  composed  of  wood  fibers.  In  masonry 
and  concrete  buildings  with  wooden  floors,  damage  may  be 
most  severe  below  the  floor  level.  In  frame  buildings  with 
solid-concrete  decks,  the  damage  may  be  evident  first  in  door 
or  window  frames  or  baseboards,  but  more  extensive  hidden 
damage  to  studs,  sheathing,  and  sole  plates  may  exist.  In 
wooden-frame  buildings,  the  pattern  varies,  depending  on 
the  type  of  construction  and  environmental  factors,  but  the 
damage  may  include  all  of  these  types. 

Though  it  is  unusual,  a  new  building  can  be  damaged 
severely  during  its  first  few  years.  This  will  happen  when 
wood  debris,  usually  tree  stumps  and  roots,  containing  lai^e, 
active  colonies  is  left  in  the  soil  at  the  building  site.  Under 
such  conditions,  the  extended  pattern  of  damage  is  the  same 
as  that  found  in  older  buildings  with  well-established 
colonies.  The  emergence  of  termites  at  a  point  much  above 
the  first-floor  level  in  a  frame  structure  would  normally 
indicate  a  large  colony  and  considerable  damage.  An 
emergence  of  subterranean  termites  may  occur  in  the  attic 
of  a  two-story  building.  Subterranean  termite  tubes  have 
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been  found  at  an  elevation  62  feet  above  the  ground  level  in  a 
military  building. 

Survey  Ibchniques.  inspect  all  structures  built  wholly  or 
partly  of  wood  at  least  annually  for  active  termite 
infestations,  regardless  of  preventive  measures  used  in 
construction.  Also  give  attention  to  those  conditions 
conducive  to  future  termite  attack.  Under  some  conditions, 
inspections  should  be  made  semiannually  rather  than 
aiuiually.  The  subterranean  nests  of  termite  colonies  or 
points  of  entry  into  buildings  can  often  be  founa  quickly  if  the 
emergence  is  observed.  For  this  reason,  you  should  give 
prompt  attention  to  all  complaints,  such  as  those  concerning 
"flying  ants,"  which  could  indicate  a  termite  emeigence. 
Record  all  information  available  at  the  time  you  answer  the 
complaint  on  the  form  used  for  recording  the  scheduled 
annual  or  semiannual  inspections.  The  purpose  of  the  annual 
or  semiannual  inspection  includes  onsite  planning  of  control 
procedures  as  well  as  the  detection  of  active  or  potential 
infestations.  Thus,  the  inspections  shouM  be  made  by 
personnel  trained  in  selecting  and  applying  control 
techniques  as  well  as  in  determining  the  need  for  control.  All 
termite  inspections  and  treatments  must  be  recorded  on  the 
DD  Form  1070,  Ifermite  and  Wood  Decay  Inspection, 

When  you  inspect  a  building  ior  subterranean  termite 
infestations,  you  must  be  able  to  tell  whether  or  not  there  are 
termites.  This  often  takes  a  great  deal  of  effort,  specialized 
techniques,  and  information.  You  must  know  which  species 
live  in  your  area.  Yo a  must  also  know  the  habits  of  each  of 
them  to  spot  every  sign  of  infestation.  Recognizing  the  signs 
of  damage  helps  you  know  whether  oi*  not  termites  are 
present  and  helps  you  evaluate  the  extent  of  an  infestation. 

Use  a  good,  bright  flashlight  to  check  each  potential 
trouble  spot  closely,  and  actually  crawl  into  most  spaces  and 
other  nonbasement  areas.  You  usually  can't  get  a  good  view 
from  farther  than  a  few  feet.  For  this  part  of  your  inspection, 
wear  coveralls  to  protect  your  usual  clothing.  Be  prepare^  to 
measure  the  structure  accurately  and  prepare  a  scale  drawing 
to  pinpoint  your  findings.  A  steel  tape,  h  folding  rule,  and  a 
mlling  measuring  device  or  an  ordinary  yardstick  are 
essential  parts  of  every  inspector's  equipment. 

The  presence  of  swarmers  or  their  shed  wings  almost 
always  indicates  that  there  is  a  termite  infestation,  lb  do  a 
good  control  job,  though,  you  must  not  only  find  out  where 
the  swarmers  came  from,  but  you  must  also  locate  all 
exposed  tubes  and  damaged  wood. 

The  workings  of  subterranean  termites  differ  from  those 
of  all  other  wood-destroying  organisms.  These  termites 
remove  only  the  soft  layers  of  the  annual  rings  in  wood, 
penetrating  the  hard  layers  only  to  get  from  one  soft  layer  to 
another.  This  often  leaves  a  damaged  piece  of  wood  looking 
very  much  like  the  pages  of  a  book.  The  most  distinctive 
feature  of  subterranean  termite  damage  is  the  presence  of  a 
brown  masticlike  material  that  lines  the  galleries  in  an 
irregular  pattern. 

Subterranean  termites  travel  constantly  from  their  nests  in 
the  ground  to  the  wood,  or  other  cellulose  on  which  they 
feed.  They  make  these  trips  only  inside  wood  or  in  the  mud 
tubes  which  they  construct.  Single  tubes,  when  they  are  built 
in  the  open ,  are  about  the  diameter  of  an  ordinary  lead  pencil. 

These  termites,  in  common  with  other  termites,  may 
excavate  the  wood  sc  that  only  a  very  thin  shell  is  left  on  the 
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surface  between  their  cavities  and  the  outside.  When  this 
shell  is  broken,  they  will  cover  the  hole  with  the  same  pe 
material  with  which  they  make  their  tubes.  This  mud  is  also 
frequently  used  to  cover  the  crack  between  two  boards,  or  in 
a  heavy  timber,  so  the  termites  can  move  about  in  a  protected 
situation. 

As  a  general  rule,  subterranean  termites  are  found  at  or 
near  ground  level.  Only  seldom  do  they  occur  above  the  level 
of  first-floor  windows,  except  in  the  warmer  areas  of  the 
country.  You  must  therefore  examine  thoroughly  all  of  the 
underparts  of  a  house  such  as  the  basement  or  crawl  space 
walls,  supporting  piers,  sill  plates,  floor  joists,  and 
subfloors.  Pay  particular  attention  to  all  places  where 
concrete  steps,  porches,  or  concrete  slabs  join  with  the 
stmcture. 

In  wood,  you  can  detect  cavities  that  aren't  visible  from 
the  surface  by  tapping  on  the  wood  and  listening  for  the 
hollow  sound  given  off  by  damaged  wood.  Occasionally  you 
can  detect  a  "ticking"  sound  trade  by  the  disturbed  soldiere 
within  the  wood.  This  tappmg  does  not  take  a  heavy  object; 
you  can  do  it  with  a  small  hammer,  or  even  by  thumping  the 
wood  with  your  knuckles.  Cavities  can  also  be  detected  by 
probing  the  wood  with  a  tool  such  as  a  screwdriver,  awl, 
geologist's  pick,  or  pocketknife.  Some  specialists  prefer  to 
probe  deeply,  thus  making  deep,  visible  marks  in  the  wood. 
Just  as  thorough  an  inspection  can  be  made  leaving  scarcely 
visible  marks  by  using  the  small  blade  of  a  penknife  to  probe 
the  wood.  The  sharp  blade  will  penetrate  deeply  and  will 
detect  cavities  in  the  wood  just  as  easily  as  will  the  larger 
tools.  In  some  types  of  construction,  the  use  of  heavier  tools 
may  be  necessary. 

The  presence  of  live  termites  in  the  tubes  or  wood  is,  of 
course,  certain  evidence  of  their  presence.  Failure  to  find 
them,  however,  does  not  necessarily  mean  that  they  are  not  in 
the  structure.  You  must  be  able  to  tell  the  difference  between 
new  workings  and  old.  As  a  general  rule,  old  mud  is  dry  and 
brittle  and  breaks  av/ay  easily.  I  resh  workings  will  be  moist 
and  stronger. 

AdditionaUy,  inspections  should  show  up  any  rij^k  of 
contamination.  Wells,  springs,  cisterns,  etc.,  can  be 
contaminated  by  improper  insecticide  applications,  and  so 
termite  control  takes  special  care.  Alternate  methods  of 
control  using  limited  amounts  of  insecticides,  or  no 
insecticide  at  all  (mechanical  alteration),  generally  require 
more  labor  and  arc  more  expensive,  but  you  may  have  to  use 
them  to  avoid  a  contamination  problem. 

Exercises  tS16): 

Place  the  letter  '*  l^croiv  the  true  statements.  Correct  any 
i'alse  statemenii'. 

  1.     Ternite  flacks  in  similar  buildings  are  not 

usually  CO  similar  that  a  predictable  pattern  may 
be  found. 


2.     Subterranean  termites  will  build  tubjs  of  earth 
up  the  foundation  walls. 
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3.  In  buildings  made  primarily  of  concrete  and 
masonry,  damage  may  be  limited  to  wood 
doors  and  window  frames. 


4.  In  concrete  and  masonry  buildings  with 
wooden  floors,  the  damage  may  be  very  severe 
above  the  floor  level. 


S.  In  frame  buildings  built  on  concrete  slabs,  the 
damage  may  be  evident  first  in  door  or  window 
frames  or  baseboards. 


6.  The  emergence  of  termites  at  a  p>oint  much 
above  the  first  floor  level  in  a  frame  structure 
would  indicate  a  lai^e  colony  and  considerable 
damage. 


7.     All  termfte  inspections  and  treatments  must  be 
recorded  on  DD  Form  1070. 


8.     Pest  control   supervisors  should   not  give 
prompt  attention  to  all  complaints. 


9.  The  presence  of  termite  wings  in  a  building  is 
almost  never  a  good  indication  that  termites  are 
infesting  the  building. 


10.     Termites  often  excavate  the  wood  so  that  only  a 
thin  shell  is  left  on  the  surface. 


817.  Cite  preventive  controls  for  termites. 

An  effective  and  economically  managed  program  of 
termite  control  will  always  include  the  three  principal  phases 
of  inspection,  preventive  control »  and  such  corrective  control 
as  may  be  required.  The  techniques  used  include  elimination 
of  food  through  proper  design  and  construction  and  through 
the  application  of  sanitation  at  the  building  sites;  moisture 
control  through  adequate  drainage  and  ventilation;  exposure 
of  termite  tubes  through  the  use  of  impenetrable  barriers 
between  the  soil  and  the  structure  wood;  and  use  ofchemirals 
to  Doison  directly,  to  create  barriers  by  soil  poisoning,  and  to 
preserve  the  wood. 

Preventive  Control.  The  best  time  to  provide  protection 


from  subterranean  termites  is  during  the  planning  and 
construction  of  a  building.  Many  common  design  and 
construction  practices  are  favorable  for  infestation.  Some 
preventive  control  measures  can  be  applied  after  construction 
and  during  the  use  of  the  buildings. 

Construction,  Military  buildings  should  be  planned  and 
constructed  to  provide  protection  against  termites.  Recom- 
mendations regarding  design  and  construction  and  the  use  of 
wood  preservatives  should  be  followed  without  deviation 
regardless  of  the  urgency  to  complete  construction  by  a 
specified  date.  Some  common  errors  of  design  and 
construction  are  burial  of  stumps,  logs,  boards,  stakes,  form 
lumber,  and  wood  scraps  beneath  buildings  or  next  to  the 
foundations;  improper  grading  and  drainage;  insufficient  air 
circulation  and  cross-ventilation;  and  failure  to  use 
chemically  preserved  wood. 

Site  sanitation.  All  surplus  wood,  including  stumps,  tree 
roots,  logs  and  other  wood  debris,  should  be  removed  from 
the  building  site  before  construction  work  is  oiarted.  All  form 
lumber,  grade  stakes,  and  wood  scraps  should  be  removed  b% 
the  time  construction  work  has  been  completed. 

Foundation  construction.  It  is  important  that  building 
foundations  be  impervious  to  subterranean  termites  and  that 
woodwork  resting  on  the  foundation  be  protected  against 
attack.  Foundation  types  may  be  rated  by  their  relative 
resistance  to  penetration: 

•  Poured  concrete,  reinforced  to  prevent  cracks,  with 
the  expansion  joints  properly  filled. 

•  Masonry  walls  capped  with  at  least  4  inches  of 
reinforced  concrete  or  its  equivalent. 

•  Hollow  blocks  with  all  of  the  top  rows  and  joints 
between  blocks  filled  with  concrete. 

•  Wood  posts,  piers,  steps,  or  braces  pressure  treated 
with  chemical  preservative  and  capped,  when 
recommended,  with  metal  termite  shields  to  keep  the 
insects  from  gaining  hidden  access  to  the  buildings  oi 
other  structures. 

Ventilation  and  inainage.  It  is  necessary  to  provide 
adequate  ventilation  and  drainage  to  prevent  termite  attack. 
The  number  and  size  of  openings  should  be  determined '  le 
soil  moisture,  air  movements,  and  humidity.  Areas  beneath 
buildings  should  be  well  drained.  The  soil  next  to  foundation 
walls  should  be  graded  to  permit  the  drainage  of  surface 
water  away  from  the  buildings. 

Clearance  beneath  buildings.  In  order  that  periodic 
inspections  can  be  made  for  subterranean  termites,  adequate 
crawl  space  should  be  provided  beneath  buildings.  The 
minimum  clearance  for  effective  inspection  is  1 8  inches  from 
the  ground  to  the  bottom  of  lowest  joisl.  beam,  or  girder. 

Skirting,  When  skirting  is  used,  a  clearance  of  3  to  6 
inches  between  it  and  the  ground  is  needed.  If  this  space  is 
closed  in  winter,  it  should  be  reestablished  early  each  spring. 

Miscellaneous  appendages.  All  miscellaneous  building 
appendages,  including  porches,  steps,  terraces,  platforms, 
and  fire-escape  ladders,  should  be  installed  with  an 
unbndged  clearance  or  effective  barrier  to  keep  termites  out. 
All  wood  used  in  contact  with  the  soil  should  be  pressure 
treated  with  approved  wood  preservatives.  Only  treated 
wood  should  be  used  for  construction  timbers  placed  on 
concrete  or  masonry  foundations.  Pipes  and  conduits  often 
provide  entrance  point^  for  termites.  Plumbing,  electrical 
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conduits,  and  other  piping  should  be  installed  clear  of  the 
ground  and  should  not  be  supported  by  wood  braces  or  othv*r 
appendages  that  touch  the  ground.  At  the  point  where  piping 
enters  the  floor  or  wall  from  below  ground,  a  funnel  shield 
caulked  with  a  coal-tar  mastic  is  an  effective  barrier. 

Pretreating.  In  recent  years,  the  treatment  of  buildings 
under  construction  has  become  a  standard  procedure  in  many 
parts  of  the  country,  especially  for  slab-on-ground  and 
basement  construction.  The  toxicant  must  be  applied  to  the 
soil  with  such  thoroughness  and  uniformity  that  it  provides  a 
barrier  to  all  routes  of  termite  entry. 

Pretreatment  should  be  carried  out  only  when  favorable 
conditions  prevail.  It  is  extremely  unwise  to  treat  soil  that  is 
very  wet  because  there  is  likely  to  be  considerable  surface 
flow  of  the  chemical  from  the  site  of  application.  If  the  treated 
areas  won't  be  covered  immediately,  take  precautions  to 
keep  people  and  animals  from  contact  with  the  treated  areas. 

Wood  preservatives.  Lumber  and  other  forest  products 
that  are  exposed  to  excessive  moisture,  fungi,  and 
wood-destroying  insects  such  as  termites  should  be  treated 
with  wood  preservatives  to  prolong  their  useful  life.  The  type 
of  treatment  and  the  preservatives  to  be  applied  depend  on  the 
type  and  severity  of  exposure  and  on  the  desired  life  of  the 
material.  Surface  treatments  and  dip  or  soak  treatments  that 
provide  shallow  penetration  protect  wood  against  dry-wood 
termites,  but  we  need  the  deeper  penetration  of  pressure 
treatment  to  protect  against  subterranean  termites.  Only  the 
wood  actually  treated  is  protected,  lermites  will  "bridge 
over"  treated  wood  with  their  shelter  tubes  just  as  they  will 
bypass  other  nonedible  structural  materials. 

Exterior  surfaces.  You  can  get  further  prevention  of 
attack  by  dry-wood  termites  by  keeping  smooth  exterior 
surfaces  on  buildings  All  exterior  cracks,  grooves,  and 
joints  should  be  well  aled  before  painting.  A  good  coat  of 
paint,  with  careful  application  at  points  of  vulnerability,  will 
help  ward  off  attack. 


Exercises  (817): 

1 .    What  are  the  three  main  phases  of  termite  control? 


2.    When  is  the  best  time  to  provide  protection  for 
subterranean  termite  attack? 


3 .    What  is  the  pretreatment  for  a  building? 


4.    During  constrtiction,  how  should  lumber  and  other 
forest  products  be  prepared? 


818.  Cite  ccrrective  termite  conta-ol  measures. 


Corrective  Measures  for  Subterranean  Ifermites*  It  is 
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obviously  impossible  to  list  every  detail  of  treatment  for 
subterranean  termites.  Widely  varying  types  of  construction, 
even  within  small  regional  areas,  make  it  necessary  for  you  to 
think  in  terms  of  the  p:Inciples  of  control  and  adapt  your 
method  of  control  to  fit  the  situation. 

The  one  thing  you're  trying  to  do  in  subterranean  termite 
control  is  to  make  it  impossible  for  termites  to  move  between 
their  nests,  usually  in  the  ground,  and  their  food  which  is  the 
wood  in  a  structure  you  want  to  protect.  We  just  saw  how  this 
is  done  in  buildings  under  construction  by  keeping  wood  out 
of  contact  with  the  ground  and  by  pretreating  to  make  a 
chemical  barrier.  In  buildings  already  constructed,  the 
barrier  is  made  either  with  chemicals  or  by  modifying  the 
existing  structure  to  make  a  mechanical  barrier. 

The  basic  steps  of  a  complete  treatment  are  mechanical 
alteration,  soil  treating,  foundation  treating,  and  wood 
treating.  Any  given  termite  control  job  may  involve  one, 
several,  or  all  of  these  steps,  depending  primarily  on  the  type 
of  construction.  In  many  situations  a  most  adequate  treatment 
may  be  applied  without  involving  all  4  types  of  treatment. 

Mechanical  alteration  includes  such  modification  of  the 
structure  as  introducing  barriers  of  an  impermeable  material 
(concrete,  metal,  etc.);  removing  cellulose  debris;  elimi- 
nating moisture  near  or  in  the  structure;  establishing  good 
ventilation  in  the  infested  area;  providing  for  inspection  of 
the  entire  structure;  and  breaking  wood-to-soil  contact  (for 
example,  siding  below  grade  level). 

Soil  treating  is  applying  chemicals  tc  the  soil  under  and 
near  a  building  to  create  an  impervious  barrier.  Pdints  wh'^re 
barriers  should  be  established  include  along  the  inside  and 
outside  of  the  foundation,  under  slabs,  and  around  utility 
entrances.  Foundation  treating  is  applying  chemicals  to  a 
foundation  to  make  it  impervious  to  termites.  The  purpose  is 
to  get  chemical  into  any  cracks  at  the  footing  and  through 
cracks  in  the  wall  leading  to  the  ground  outside.  Wood 
treating  is  applying  chemicals  to  wood  to  eliminate  existing 
termite  infestations  or  to  make  the  wood  impervious  or 
resistant  to  termites. 

As  a  gvineral  rule,  the  first  3  methods  are  used  in  termite 
control  practice,  with  wood  treatment  as  a  pretrcat  or 
supplemental  measure.  Pressure-treated  '^'o  xi  gi^'es  most 
efllective  control  when  it  is  used  for  all  wot  .  construction,  at 
least  to  t^ie  ceiling  kvel  of  the  first  floor.  Spraying  chemicals 
on  wood  that's  already  in  place  gives  only  a  surface  treatment 
and  o»Jy  rarely  penetrates  to  the  center  of  ihe  wood.  In  badly 
damaged  wood,  injecting  chemicals  into  the  cavities  made  by 
termites  will  give  a  much  better  treatment  than  brush  or  spray 
application.  Peniachiorophenol  in  a  paste  emulsion  fonn 
gives  much  greater  penetration  and  thus  greater  protection 
both  from  ♦-^nnitcs  and  fungus  attack. 

As  a  typical  construction  you  might  face  in  termite  control 
work,  let's  consider  the  wpII  of  a  brick  veneer  house  in 
which  the  brick  veneer  extends  below  grade  (fig.  2-3).  This 
construction,  with  a  few  variations,  occurs  in  a  lai^ge 
proportion  of  the  houses  in  this  country.  Points  of  probable 
infestation  arc  through  cracks  in  the  brick  mortar  below 
grade  on  the  outside  and  through  tubes  on  the  face  of  the 
foundation  on  the  inside. 

You  can  use  mechanical  alteration  on  the  outside  by 
removing  the  lower  courses  of  brirk  to  above  the  grade  line, 
filling  the  void  with  n*ortar,  and    placing  the  brick.  You 
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Figure  2-3.  Ccnslmction  with  impervious  veneer  over  wood  sheathing,  extending  below  the  sheathing  and  below  grade  level. 


could  also  lower  the  grade  on  the  outside  to  below  the  brick, 
then  either  retain  it  with  a  wall  built  out  from  the  building  or 
build  a  gutter  (fig.  2-4).  A  poured  concrete  flash  wall  barrier 
is  often  used  in  this  situation  on  the  West  Coast. 

In  many  parts  of  the  country  this  area  can  be  treated 
effectively  through  chemical  means  alone.  Ideally,  the  soil 
adjacent  to  the  foundation  would  be  removed  to  within  about 
1  foot  above  the  footing.  As  the  soil  is  replaced,  it  should  be 
treated  with  chemicals  at  the  rate  of  1  gallon  per  5  linear  feet 
for  each  foot  of  depth  from  grade  level  to  footing.  Allow  2 
gallons  per  5  linear  feet  for  the  first  foot  at  giound  level.  In 
practice,  a  small  trench  is  usually  dug  about  4  inches  deep 
next  to  the  foundation  and  treatment  begun  from  here.  The 
chemicals  can  be  carried  to  the  level  of  the  footing  by 
removing  cores  of  dirt  at  1-foot  intervals,  or  by  flooding  tne 
soil  at  the  same  intervals,  injecting  the  chemicals  through  a 
long  pipe.  This  procedure  is  called  grouting  and  rodding. 
While  these  methods  are  desirable  from  the  standpoint  of  less 
time  and  labor  involved,  they  may  not  be  quite  as  thorough  as 
the  trench  method.  Some  pest  managers  use  an  earth  auger  to 
remove  a  core  of  earth  next  to  the  foundation  at  about  1-foot 
intervals.  Otliers  use  a  Jong  pipe  on  the  end  of  the  treating 
hose  and  drive  this  deep  along  the  foundation,  saturating  the 
.soil  as  they  go.  In  either  case,  flood  the  small  trench  at  the  top 
with  enough  chemicals  to  treat  all  the  way  along  the 
foundation. 

After  mechanical  alteration,  you  don't  need  <o  treat  the 
void  behind  the  brick  veneer.  After  chemical  treatment, 
though,  th's  is  an  essential  step.  It  can  be  done  two  ways.  You 
can  drill  holes  through  the  box  sill  between  each  pair  of  joists 


from  the  inside,  or  you  can  drill  through  the  mortar  joints  of 
the  bricks  on  the  outside.  Either  way,  you  pump  chemicals 
through  these  holes  at  a  rate  of  1  gallon  per  5  linear  feet. 
Holes  drilled  through  the  mortar  joints  should  be  plugged 
with  mortar  after  treatment. 

Since  the  foundation  is  made  of  poured  concrete,  it  won't 
need  any  treatment  unless  it  has  been  cracked.  Cracks  in  the 
foundation  should  be  drilled  and  injected  with  chemical 
under  pressu'ie,  then  the  hole  should  be  firmly  and 
completely  plugged  with  concrete. 

The  soil  inside  the  foundation  should  be  treated  with 
chemicals  the  same  way  as  the  soil  outside.  Overall  treatment 
of  the  soil  under  the  structure  is  not  recommended.  Only  soil 
next  to  walls  and  posts  should  be  treated. 

Corcrete-block  foundation.  If  the  foundation  wall  shown 
in  figure  2-4  were  made  of  concrete  block,  you  would  need  to 
tr^^at  the  hollow  voids  in  the  center  of  the  blocks.  Holes  arc 
drilled,  usually  through  the  mortar  joints  and  above  grade 
level,  at  least  every  8  inches  and  chemicals  injected  at  a  rate 
of  1  gallon  per  5  linear  feet. 

In  all  of  thic  treatment  you  will  note  that  the  work  is 
designed  to  place  either  a  mechanical  or  chemical  barrier 
between  the  termites  in  the  soil  and  the  wood  that  the}'  might 
use  as  food.  This  principle  applies  to  all  subterranean  temi'te 
control,  and  the  principles  in  this  example  can  be  used 
elsewhere, 

Dirt'-fiUed  concrete  porch  on  frame  building.  This  is  a 
common  type  of  construction  throughout  the  country,  and  the 
principles  involved  in  treating  also  apply  to  situations  such  as 
concrete  block  foundations,  rubble  foundations,  poured 
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Figure  2^,  Remedial  Construction  with  sheathing  sealed  off  by  a  poured 
concrete  foundation  as  a  remedial  measure. 


outside  slabs  at  ground  level,  and  sidewalks  and  driveways 
poured  adjacent  to  outside  walls  (fig.  2-5). 

Treatment  of  the  foundation  wall  in  this  type  of 
construction  is  carried  out  as  in  the  example  of  the  brick 
veneer  wall,  but  if  the  wall  has  voids,  the  treatment  will  be  the 
same  as  for  concrete  block  foundation. 

Soil  contact  should  be  eliminated  by  tunneling  along  the 
wall  and  removing  the  dirt  back  to  1  foot  from  the  wall  in 


short  porches  and  2  feet  in  longer  areas.  This  is  usually  done 
by  removing  part  of  the  porch  wall  at  either  or  both  ends  and 
installing  an  access  door.  It  can  be  done  by  knocking  out  parts 
of  the  foundation  wall  from  underneath,  then  digging  out  the 
necessary  dirt  fill.  Where  the  tunneling  leaves  the  porch 
poorly  supported,  you  must  install  supplementary  support, 
such  as  masonry  piers.  You  treat  this  tunnel  with  2  gallons  of 
chemical  per  5  lineal  feet,  and  flood  the  rest  of  the  accessible 
soil  under  the  slab  with  1  gallon  of  chemical  per  10  square 
feet. 

Some  specialists  think  that  the  entire  area  under  the  porch 
should  be  flooded  enough  to  treat  all  the  soil  under  the  porch, 
but  many  do  not.  If  M  of  the  soil  is  treated,  chemical  is 
applied  by  driving  grouting  rods  horizontally  under  the  slab, 
or  by  drilling  vertically  through  the  porch  slab  at  intervals 
along  the  porch  foundation  and  at  enough  other  points  to  be 
sure  it  reaches  all  the  soil  under  the  porch.  The  soil  on  the 
inside  grade  level  is  treated  the  same  as  in  the  previous 
illustration.  Critical  areas  under  poured  concute  slabs, 
sidewalks,  and  driveways  can  be  treated  with  chemicals 
either  by  drilling  down  through  the  surface  close  to  the 
building  or  by  drilling  horizontally  through  the  inside  wall 
immediately  under  the  slab, 

Slab-floor  construction  of  frame  building.  This  type  of 
construction  is  used  extensively  throughout  the  country  (fig. 
2-6),  Previous  practice  consisted  of  drilling  the  floor  and 
flooding  the  fill  underneath  with  chemicals  in  addition  to  the 
necessary  foundation  treatment  ar  i  soil  treatment  outside  the 
foundation.  To  keep  from  drilling  through  heat  pipes, 
electrical  conduits,  and  plumbing  imbedded  in  the  floor,  it  is 
safer  to  treat  from  the  outside  by  drilling  through  the 
foundation  wall.  Mechanical  alteration  is  not  usually 
indicated  in  this  type  of  construction. 

Standard  practice  in  many  areas  of  the  country  consists  of 
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Figune2-5.  Common  construction  with  dtrt-filled  concrete  porch  attached  to  frame  house. 
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WON[/l,ITHlC  SLAB 


Figure  2-6.  Slab-floor  construction  of  frame  houses  (pretreated  with  chemicals  during  construction). 
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drilling  holes  through  the  outside  foundation  walls  below  the 
level  of  the  slab  floor,  then  pushing  long  nxis  through  the 
holes  and  ti^ating  the  entire  area  under  the  slab  with  1  gallon 
chemical  per  10  square  feet,  lb  do  this,  you  may  have  to  dig  a 
trench  outside  the  foundation  to  get  room  to  work.  You  don't 
always  have  to  drill  all  of  the  walls.  If  you  can  push  the 
treatment  rods  all  the  way  under  the  floor  from  one  side,  you 
can  make  a  thorough  treatment.  We've  already  discussed  the 
treatment  for  the  foundation  wall  itself,  the  ground  outside 
the  foundation  wall,  porches,  patios,  driveways,  or  other 
outside  slabs. 

Miscellaneous  situations*  The  same  principles  we  have 
mentioned  apply  to  treating  many  miscellaneous  situations. 
One  of  the  most  common  problems  involves  wooden 
members  extending  through  the  concrete  in  the  basement 
floor.  Supporting  posts,  stair  risers,  coalbins,  and  door 
frames  are  common  examples.  The  best  remedy  is  to  cut  the 
wooden  member  at  least  4  inches  above  floor  level,  remove 
the  part  that  extends  through  the  floor.  Saturate  the  soil 
underneath  with  chemicals.  Then  you  can  pour  concrete  into 
the  hole  and  into  a  form  that  will  leave  you  a  concrete  footing 
for  the  rest  of  the  wood  member.  In  the  case  of  stairways,  it  is 
best  to  make  the  entire  step  of  concrete  if  possible.  It  is 
generally  unwise  to  use  chemicals  alone  to  treat  wooden 
supports  buried  in  soil. 

Where  termites  are  coming  into  a  building  through  a  cellar 
or  basement  floor,  you  may  have  to  drill  the  floor  and 
introduce  chemicals  into  the  soil  underneath  (fig.  2-7).  This 
is  usually  done  along  cracks  in  the  floor,  around  (not  in)  floor 
drains,  by  furnace  pads,  and  around  the  edge  of  the  floor.  In 
the  case  of  small  cracks,  the  holes  can  be  drilled  directly 
through  the  crack.  Next  to  walls  and  furnace  pads,  the  holes 
should  be  drilled  far  enough  from  the  wall  to  just  miss  any 
footing. 

Concrete-block  partition  walls  that  extend  down  through 
the  basement  floor  present  a  special  problem.  Ideally,  they 
should  be  cut  off  above  the  floor  and  a  concrete  curb  placed 
under  them.  In  practice,  this  is  both  expensive  and  hard  to  do. 
Usual  practice  is  to  drill  holes  through  the  floor  on  both  sides 
of  the  wall,  treat  the  soil  underneath  and  treat  the  wall's 
interior  voids  with  chemicals  the  same  as  an  exterior  wall. 
These  voids  should  be  treated,  whether  or  not  they  extend 
through  the  slabs  (fig.  2-7). 

Basement  windows,  with  or  without  outside  window 
wells,  are  another  problem.  Normally,  the  window  sills  arc 
close  to  the  ground,  and  when  they're  made  of  wood,  they  are 
a  good  source  of  food  for  termites  as  well  as  being  subject  to 
rot.  It  is  a  wise  practice  to  replace  basement  window  sills  with 
concrete.  Walls  with  voids  in  them  should  be  treated  with 
chemicals  starting  as  close  as  possible  beneath  the  window  to 
insure  thorough  coverage.  The  ground  outside  the  window 
should  also  be  treated  extra  heavily. 

Window  wells  arc  best  treated  by  flooring  them  solidly 
with  concrete,  but  they  may  be  treated  successfully  by 
thoroughly  flooding  with  chemicals  and  rodding  or  drilling 
immediately  next  to  the  foundation. 

Wooden  porches  with  outside  ground  contact  should  have 
ail  wood  cut  off  above  ground  level  and  supporting  concrete 
placed  under  it. 

Houses  in  many  parts  of  the  country  arc  built  off  the 
ground  on  supporting  piers  of  brick,  stone,  concrete. 


EKLC 


Figure  2-7,  Concrete  block  foundation  with  basement  window. 


concrete  block,  or  'vood.  Concrete  piers  create  no  particular 
hazard.  Those  of  brick,  stone,  or  concrete  block,  however, 
are  usually  hollow  and  provide  an  easy  means  of  access  to  the 
wood  above.  Ideally,  these  would  be  filled  solidly  with 
concrete.  In  practice,  it  is  usually  more  practical  to  drill  into 
the  hollow  centers  and  thoroughly  flood  the  voids  with 
chemicals. 

Wooden  piers,  wherever  possible,  should  be  removed  and 
replaced  with  concrete  or  set  on  a  concrete  footing  that 
extends  at  least  4  inches  above  grade  level.  Where  this  is  not 
possible,  holes  should  be  drilled  through  to  the  bottom  of  the 
post  so  the  ground  underneath  can  be  thoroughly  saturated 
with  chemicals,  and  the  soil  all  around  the  base  of  the  pier 
should  also  be  thoroughly  treated.  In  addition,  pentachloro- 
phenol  should  be  used  on  the  base  of  the  pier  to  prevent  rot. 

With  most  of  the  chemicals  now  in  general  use,  it  is  not 
necessary  to  take  any  particular  precaution  for  the  protection 
of  plants  on  the  outside  of  the  house.  Water  emulsions 
generally  will  not  harm  plants. 

The  design  of  the  structure  and  the  nature  of  the  materials 
that  are  susceptible  to  termite  attack  don't  change  the  basic 
principle  of  subterranean  termite  control— the  creation  of  a 
mechanical  or  chemical  barrier  that  will  keep  termites  living 
outside  the  structure  from  entering  the  building  for  food.  The 
number  of  specific  situations  involved  in  construction  is 
almost  infinite,  but  as  termite  control  specialists,  we  can  get 
effective  control  if  we  always  work  on  the  basis  of  that 
principle. 
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Chemicals  for  subterranean  termite  control.  Many 
different  chemicals  and  combinations  of  chemicals  have  been 
used  for  termite  control.  Sodium  arsenite  and  trichloro- 
benzene  have  both  given  control  for  several  years,  although 
not  for  so  long  as  the  newer  chemicals  now  recommended. 
Both  are  more  expensive  than  the  newer  chemicals,  will  kill 
plants,  and  will  leach. 

The  five  chemicals  now  recommended  for  subterranean 
termite  control  work  are  all  used  as  water  emulsions:  0.5 
percent  aldrin,  1  percent  chiordane,  0.5  percent  dieldrin,  0.5 
percent  heptachlor,  and  1  percent  chlorpyrifos.  The 
percentages  are  important  to  remember  and  to  use,  because 
the  gallonage  recommendations  are  based  on  these 
concentrations.  Remember  that  the  main  function  of  the 
volume  of  liquid  placed  into  the  ground  or  into  wall  voids  is  to 
distribute  a  given  amount  of  toxicant  properly.  Recommended 
volumes  of  chemical  are  calculated  to  deliver  the  proper 
amount  of  toxicant  to  the  treated  areas. 

You  must  consider  the  fact  that  some  soils  do  not  accept 
chemicals  as  readily  as  others  and  that  the  depth  of  foundation 
footings  varies.  In  all  instances,  the  important  thing  is  to 
saturate  the  area  being  treated .  One  of  the  smaller  costs  on  the 
average  termite  job  is  the  direct  cost  of  chemicals.  It  is  poor 
economy  to  try  to  save  on  chemical  costs  and  then  have  to  pay 
for  the  far  more  expensive  labor  of  re-treatment. 


Exercises  (818): 

1,    What  are  the  four  basic  types  of  treatments  for 
controlling  termites  in  a  structure? 


2.    Where  should  you  set  soil-treating  barriers  in  a 
building? 


3.    What  is  the  grouting  and  rodding  method  for  applying 
termiticides? 


4-    How  should  you  treat  cracks  in  a  poured-concrete 
foundation? 


5,    How  should  you  treat  a  long,  dirt-filled  porch? 


6.    What  is  the  safest  method  for  treating  along  the 
foundation  of  a  house  on  a  concrete  slab?  Why? 


7.    How  should  wooden  porches  with  outside  ground 
contact  be  treated? 
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8.    What  chemicals  and  percentage  rates  of  application  are 
currently  approved  for  termite  control? 


2-2.  Nonsubterranean  Termites 

Termites  other  than  subterranean  termites  are  divided  into 
three  groups:  dry-wood,  damp- wood,  and  powder-post 
termites.  Of  these,  dry -wood  termites  are  the  most  common, 
although  damp- wood  termites  may  be  found  frequently  in 
some  limited  areas. 


819.  Verify  or  correct  stated  characteristics  and  habits  of 
dry- wood  termites. 


Dry-Wood  Ibrmites.  Dry-wood  termites  (family  Kalo- 
termitidae)  generally  live  in  undecayed  wood  with  a  very  low 
moisture  content.  They  don't  need  any  contact  with  '^e  soil  in 
order  io  live.  In  the  United  States,  they  are  found  in  a  narrv^w 
strip  from  Cape  Henry,  Virginia,  on  the  Atlantic,  south  to 
Florida,  along  the  Gulf  of  Mexico,  and  from  Mexico  to 
northern  California  on  the  Pacifi  :  Coast  (fig,  2-8). 

These  termites  bore  directly  into  wood  and  make  th?;'- 
nests  in  the  wood  itself.  Because  they  don't  need  any  contact 
with  the  ground,  they  can  seriously  damage  movable  woode\: 
objects  such  as  furniture. 

A  male  and  female  pair  work  their  way  into  the  wood 
chosen  for  the  nest.  The  opening  through  which  they  enter  the 
wood  is  sealed  with  a  plug  of  brown  cement  about  1/8  inch  in 
diameter.  Behind  this  plug  they  excavate  a  chamber  where 
the  queen  lays  the  first  eggs.  The  nymphs  that  hatch  from 
these  eggs  do  the  work  of  the  colony.  Soldiers  and 
reproductives  develop  from  these  nymphs.  There  is  no 
worker  caste. 

During  the  swarming  season,  nymphs  make  round  holes 
1/16  to  1/8  inch  in  diameter  through  which  the  reproductive 
forms  leave  the  wood.  When  swarming  is  completed,  these 
holes  are  plugged  in  the  same  way  as  the  entrance  holes. 

Damage  done  by  dry-wood  termites  is  entirely  different 
from  that  caused  by  subterranean  termites.  These  termites 
cut  across  the  grain  of  vvood,  excavating  large  chambers 
connected  by  small  tunnels  (fig.  2-9).  The  chambers  and 
tunnels  used  by  the  colony  are  kept  clean,  while  excreta  and 
other  debris  are  stored  in  unused  chambers  or  cast  out 
through  small  openings  in  the  wood. 

Excretal  pellets  are  a  distinguishing  characteristic  of 
nonsubterranean  termites.  These  pellets  are  hard  and  have 
six  distinct  concave  surfaces  on  the  sides;  only  the  ends  are 
rounded.  Certain  anobiid  beetles  also  eject  pellets  from  wood 
on  which  they  feed.  These  can  easily  be  distinguished  from 
those  of  termites  because  they  have  rounded,  convex 
surfaces. 

Entrance  into  woo<^  *  ^lly  made  from  a  crack  or 
crevice  which  the  ter  enter  before  boring  into  the 

wood.  This  may  be  a  k  in  the  wood  itself  or  may  be  the 
joist  between  two  pieces  of  wood  or  even  the  space 
underneath  the  roofing  paper  or  sheathing  paper. 
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Figure  2-8.  A  winged  adult  dry-wood  termite  and  its  U.S.  habitat  (shaded). 


Because  of  their  ability  to  live  in  wood  without  contact 
with  soil,  nonsubterranean  termites  are  frequently  carried  in 
infested  furniture  and  other  wooden  objects  into  geographical 
areas  where  they  are  not  normally  found.  Pest  control 
specialists  should  be  able  to  recognize  them  by  their  habits. 

Dry- wood  termites  may  attack  wood  pnxiucts  of  all  kinds. 
Structural  timbers  and  woodwork  in  buildings,  as  well  as 
furniture  and  other  wooden  objects,  may  be  damaged. 
Although  se  rious  damage  is  done  to  buildings  and  other  wood 
products  in  some  areas  of  the  U.S. ,  these  termites  are  usually 
less  injurious  than  subterranean  termites,  simply  because 
they  are  less  widespread. 

The  dark,  western  dry-wood  termite,  Incisitennes  minor, 
is  found  from  California  east  to  Arizona  and  Utah.  In  this 
area,  it  causes  extensive  damage  to  structures  as  well  as  to 


Figure  2-9,  Typical  dry-wood  termite  damage,  (Note  extensive  galleries 
cutting  ac/oss  several  annual  rings.) 


wooden  derricks,  piled  lumber,  furniture,  and  telephone 
poles.  It  may  infest  any  dry-wood  parts  of  a  structure,  from 
foundation  plates  to  tha  roof,  and  it  is  the  most  destructive 
dry-wood  termite  in  this  country.  Small  flights  occur  from 
April  through  July,  frequently  after  rains.  Winged  adults  are 
dark  brown  and  about  1/2  inch  long.  The  white,  soft-bodied 
nymphs  remain  in  the  galleries  and  are  not  seen  unless  the 
wood  is  broken  open.  The  light,  western  dry-wood  termite, 
Marginitermes  hubbardi,  is  found  from  California  to 
Arizona.  Also  called  the  southern  dry-wood  termite,  it  is 
very  similar  in  habits  to  the  western  dry-wood  termite,  but  it 
prefers  drier  conditions  and  higher  temperatures. 

The  light,  southeastern  dry-wood  termite,  Incisitermes 
snyderi,  is  the  most  injurious  dry-wood  termite  from  South 
Carolina  to  Florida  and  west  to  Texas.  Another  southern 
dry-wood  termite,  Incisitermes  schwartzif  is  a  common 
species  in  southern  Florida  occurring  as  far  north  as 
Pensacola.  The  dark,  southeastern  dry-wood  termite, 
Kalotermes  approximatus,  occurs  along  the  Gulf  Coast  west 
to  New  Orleans  and  on  the  Atlantic  Coast  north  to  southern 
Virginia.  It  attacks  both  timbers  in  structures  and  in  posts  and 
utility  poles. 


Exercises  (819): 

Mark  each  statement  true  (T)  or  false  (F)  and  correct  any 
false  statements. 

  1.     Dry-wood  termites  generally  live  in  highly 

decayed  wood  with  a  low  moisture  content. 


2,  Since  they  need  no  contact  with  the  soil,  dry- 
wood  termites  can  seriously  damage  movable 
wood  objects  such  as  furniture. 


3,  Dry-wood  termite  damage  is  very  different  from 
that  of  subterranean  termites  because  dry-wood 
termites  cut  across  the  grain  of  the  wood, 
excavating  large  tunnels. 


4.  Since  they  are  much  more  injurious  to  wood 
structures,  nonsubterranean  termites  are  much 
more  damaging  than  subterranean  species  in  the 
U.S. 


5.     The  dark,  western  dry-wood  termite  is  the  most 
destructive  dry-wood  termite  in  the  U.S. 


820.  Verify  or  correct  stated  characteristics  and  habits  of 
various  nonsubterranean  termites. 

Rotten-Wood  and  Damp-Wood  Tbrmites.  This  group 
of  termites  in  the  families  Kalotermitidae,  Hodotermitidae, 
and  Rhinotermitidae,  contains  some  of  our  largest  termites 
with  bodies  as  much  as  1  inch  long  and  with  wings  of  alate^^ 
twice  that  length.  Although  damp -wood  termites  don't  need 
contact  with  the  soil  to  get  moisture,  they  can't  live  in  dry 
wood  either;  they  need  wood  with  a  lot  of  moisture.  They  are 
also  usually  associated  with  wood  decay. 

They  plug  openings  into  the  wood  and  excavate  large 
galleries,  much  like  dry-wood  termites,  but  they  don't  keep 
the  galleries  clean.  Their  pellets  can  be  found  throughout 
their  tunnels  in  infested  wood,  although  m?ny  of  the  six-sided 
pellets  are  discarded  from  the  galler  through  small 
openings  in  the  surface  of  the  wood. 

The  rotten- wood  termite,  Zootermopsis  angusticollis,  is 


wings.  Nymphs  are  white  to  cream-colored  with  a  darker 
abdomen.  These  termites  swarm  in  relatively  small  numbers, 
50  to  60  from  a  single  colony.  Swarmers  are  attracted  to  light 
and  are  common  aboiu  street  lights  at  night. 

The  desert  damp-wood  termite,  Paraneotermes  sim- 
plicicomis,  found  in  the  South\\estern  States  from  Texas  to 
California,  attacks  only  moist  wood.  It  differs  from  other 
damp-wood  termites  in  being  subterranean  in  habit.  It  is  of 
horticultural  importance,  since  it  frequently  attacks  the 
underground  parts  of  shrubs  and  young  trees  and  is 
particularly  troublesome  in  residential  areas  and  citrus 
groves.  It  is  also  found  in  fence  posts  and  in  baseboards  and 
door  frames  of  buildings.  Flights  occur  in  July  and  August 
after  evening  rains. 

The  Florida  damp-wood  termite,  Prorhinotermes  sim- 
plex, is  found  in  the  extreme  southeastern  counties  of  Florida 
and  in  the  Keys.  It  lives  naturally  in  damp  but  solid  logs  near 
salt  water  and  is  a  common  pest  of  buildings  in  the  limited 
area  where  it  is  found.  It  is  not  earth  inhabiting  although  it 
may  enter  logs  beneath  the  soil. 

Powder-Post  Termites.  Powder-post  termites  (family 
Kalotermitidae),  live  in  dry  wood,  damaging  structural 
timbers  as  well  as  furniture.  They  enter  wood  through  tiny 
openings  and  excavate  galleries  as  do  dry-wood  termites. 
The  galleries  are  not  kept  clean  bui  are  frequently  filled  with 
the  fine  powder  to  which  the  wood  5s  reduced  by  the  termites. 

Powder-post  termites  are  easily  distinguished  from 
dry -wood  termites  by  their  much  smaller  size  and  small  fecal 
pellets.  The  tiny  fecal  pellets  are  ejected  from  the  galleries 
and  are  frequently  the  first  sign  that  termites  are  working. 

Only  one  species  of  powder-post  termite,  the  tropical 
rough-headed  powder-post  termite,  Cryptotermes  brevis,  is 
of  commercial  significance  in  the  United  States.  It  occurs 
only  in  the  southern  coastal  ar^as  from  Florida  to  Lx>uisiana 
where  it  is  found  only  inside  buildings.  The  head  of  the 
soldier  is  unusually  shaped  and  serves  as  a  good  means  of 
identification  for  this  species  (fig.  2-10).  This  termite  is 
especially  destructive  to  woodwork  and  to  furniture  because 
it  destroys  the  interior  of  wood,  leaving  a  paper-thin  layer  of 
wood  or  paint  on  the  outside. 


ihat  the  mandibles 


the  largest  of  our  native  termites  and  is  the  most  important 
termite  of  this  group  from  an  economic  viewpoint.  Since  it 
attacks  moist  but  sound  wood,  it  should  be  called  more 
properly  a  damp-wood  termite.  There  is  no  worker  caste. 
The  work  of  the  colony  is  carried  on  by  the  nymphs  of  the 
soldiers  and  reproductives.  It  occurs  most  commonly  in  the 
cool  and  humid  coastal  ranges  of  mountains.  As  one  moves 
north  along  the  West  Coast,  the  frequency  and  severity  of 
occurrence  at  lower  elevations  becomes  more  pronounced. 
The  rotien-wood  termite  is  a  major  problem  at  low  altitudes 
along  the  coastal  areas  of  Washington  and  Oregon.  Although 
termed  a  rotten-  or  damp-wood  termite,  this  species  continues 
to  live  in  dry,  sound  wood.  Occasional  colonies  of  this  termite 
are  carried  to  other  parts  of  the  country  in  shipments  of  lumber, 
but  it  has  been  unable  to  establish  in  these  areas. 

Winged  forms  are  light  brown  with  dark-brown  leathery 


Figure  2- 10.  Head  of  soldier  powder-post  icrmite.  (Note 
point  downward  rather  than  forward). 


39 

4  5^ 


Exercises  (820): 

Mark  each  statement  true  (T)  or  false  (F),  and  correct  any 
false  ones. 

  1 .     Some  of  our  smallest  termites  are  categorized  as 

rotten-wood  and  damp-wood  termites. 


2.  Prom  an  economic  viewpoint,  the  rotten- wood 
termite  is  the  most  important  member  of  this 
group. 


3 .     Rotten-wood  termites  are  most  commonly  found 
in  cool  and  humid  coastal  areas. 


4.  The  Florida  danip-wood  termite  is  of  horti- 
cultural importance,  since  it  frequently  attacks 
the  underground  parts  of  shrubs  and  young  trees. 


5 .  Unlike  dry -wood  termites,  powder-post  termites 
do  not  keep  galleries  clean  in  the  wood  and  furni- 
ture they  attack. 


821.  Cite  inspection  and  control  techniques  for 
nonsubterranean  termites. 


laspecting  for  Nonsubterranean  Ifermites*  Nonsubter- 
ranean termites  are  found  in  almost  any  part  of  a  structure  and 
in  wooden  furnishings  of  all  kinds.  In  inspecting 
damp-wood  and  dry-wood  termites,  you  must  loc^k  not  only 
for  visible  damage  but  also  for  the  plugs  in  entrance  and  exit 
holes.  Both  kinds  of  termites  can  be  found  from  cellar  to 
attic — dry- wood  termites  in  dry  wood  and  damp-wood 
termites  in  wood  with  a  lot  of  moisture. 

Infestations  of  dry-wood  termites  are  usually  found 
around  the  perimeter  of  buildings  and  where  wood  is  joined 
together.  Large,  well-established  infestations  often  extend 
over  large  areas  in  central  areas  of  structures.  Lx>ok 
particularly  for  the  characteristic  fecal  pellets  pushed  out 
from  the  termite  galleries,  which  are  often  the  first  and  most 
easily  found  sign  of  infestation.  Make  soundings  of  the 
wood,  the  same  as  for  subterranean  termites;  a  hollow  sound 
warns  you  of  internal  galleries.  Probe  the  wood  with  an  ice 
pick,  screwdriver,  or  the  blade  of  a  penknife  to  discover 
termite  damage.  Look  for  flights  of  adults,  shed  wings,  and 
surface  blisters  where  the  galleries  come  close  to  the  surface 
of  the  wood.  Occasionally  shelter  tubes  made  of  pellets 
cemented  together  bridge  as  a  passageway  from  one  piece  of 
wood  to  another.  Cenientlike  walls  may  partition  off  large 
ch;imbers  or  close  laige  openings  to  conserve  humidity'. 

Since  swarmers  or  shed  wings  from  s  warmers  are  somccimes 


the  fust  evidence  of  an  infestation,  it  is  important  to  keep  in 
mind  a  wing  characteristic  that  quickly  separates  subterranean 
from  nonsubterranean  termites.  Nonsubterranean  termite 
wings  have  crossveins  between  the  costal  vein,  which  forms 
the  anterior  mai^in  of  the  wing,  and  the  subcostal  vein,  which 
is  the  second  most  anterior  vein  originating  from  the  wing 
base.  (See  fig.  2-8.)  These  crossveins  are  lacking  in  sub- 
terranean (family  Rhinotermiiidae)  termites. 

In  all  inspections  for  nonsubterranean  termites,  make  a 
scale  diagram  of  the  building,  as  you  would  for  subterranean 
termites,  indicating  all  places  you  find  termites. 

Tk^tment.  IVeatment  for  dry-wood  termites  consists  of 
fumigating  the  entire  structure  with  a  toxic  gas  or  introducing 
a  toxic  liquid  or  dust  into  the  excavated  chambers.  Fumigate 
with  sulfiiryl  fiuoride  (Vikane)  or  methyl  bromide  gas. 
Cover  the  whole  building  tightly  with  a  plastic  cover  and 
pump  in  the  gas.  Standard  do^.zgc  <'  iicthyl  bromide  is  2 
pounds  per  1  ,(XX)  cubic  feet.  The  dosage  of  sulfiiryl  fiuoride 
(Vikane)  varies  with  the  manufacturer,  Sulfuryl  fiuoride  has 
the  advantage  of  rapid  and  uniform  dispersion  within  the 
temperature  range  for  climates  where  dry-wood  termites  are 
found.  Such  fumigations  should  be  done  only  by  specialists 
thoroughly  trained  in  the  use  of  gasses.  You  can  get  detailed 
directions,  as  well  as  instruction,  from  the  gas  manufacturer. 

To  prepare  for  use  of  a  liquid  or  dust,  drill  holes  into  the 
infested  timbers  through  the  termite  galleries  using  a 
1/2-inch  drill  in  lai^ger  timbers  and  smaller  drills  elsewhere. 
Then  force  chemical  through  these  holes  to  disperse  through 
the  galleries.  Commonly  used  dust  is  sodium  fiuosilicate. 
The  dessicant  dust,  silica  gel,  is  also  used,  especially  in 
attics,  to  reduce  thie  rate  of  re  infestation. 

This  drilling  and  injecting  method  should  only  be  used  in 
the  case  of  limited  infestations.  Extensive  infestations  should 
be  controlled  by  fumigation.  A  recommended  liquid  insecticide 
for  injection  into  galleries  is  5  percent  pentachlorophenol. 
There  are  certain  disadvantages  involved  with  the  injection 
of  liquid  into  the  galleries.  While  there  may  be  a  fire  hazard 
created  when  oil-base  materials  are  used,  the  injection  of  water 
in  a  wooden  beam  may  create  a  favorable  site  for  decay  fiingi , 

After  liquids  or  dusts  have  been  inir^-^ted  into  wood,  the 
openings  should  be  plugged  with  wooo£n  dovels. 

Damp-wood  termites  are  controlled  by  the  same  methods 
as  dry-wood  termites  when  they  are  in  wood  not  in  contact 
with  the  ground.  Where  there  is  ground  contact,  structural 
changes  to  eliminate  moisture  may  be  necessary,  together 
with  ground  treatment  as  recommended  for  subterranean 
termites.  However,  control  consists  primarily  of  eliminating 
the  moisture  problem  in  the  wood,  and  this  often  involves 
replacing  damaged  and  moist  wood. 

Powder-post  termites  can  be  controlled  by  injecting  the 
previously  mentioned  chemicals  into  their  galleries  ano  by 
fumigation.  When  dry-wood  or  powder-post  termites  are 
infesting  ftimiture,  chemicals  can  be  injected  into  their 
galleries  or  the  furniture  can  be  fumigated.  Some  specialists 
control  these  termites  in  furniture  by  using  a  hypodermic 
syringe  to  inject  a  fumigant  such  as  ethylene  dibromide  into 
their  galleries.  This  method  has  the  advantage  of  getting  the 
chemicals  inside  the  wood  without  making  disfiguring  holes 
on  the  surface  of  the  furniture. 

Pt)wder-post  and  dry-wood  termites  infestinf^  furniture 
can  be  killed  by  holding  the  furniture  for  I -A  ho'irs  in  a 
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chamber  heated  to  150**  E,  or  for  4  hours  in  a  chamber 
heated  to  140°  F.  Kilns  or  special  vaults  equipped  with 
heating  units  are  use4  for  this  purpose.  Cold  may  also  be  used 
to  control  these  termites.  In  nordiem  climates,  infested 
furniture  and  crates  may  be  moved  outdoors,  while 
refrigeration  chambers  can  be  used  in  warmer  areas. 
Exposure  at  a  temperature  of  15°  F.  for  4  days  will  kill 
termites  in  wood. 

There  are  a  number  of  preventive  measures  you  should 
consider  to  prevent  nonsubterranean  termite  infestation. 
Inspect  all  lumber,  especially  secondhand  lumber,  carefully 
for   evidence    of   infestation    before   being    used  for 
construction.  Destroy  infested  lumber.  Screen  all  doors, 
windows,  especially  attic  windows,  and  other  ventilation 
openings  with  20-mesh  noncorrodible  metal  wire  cloth  to 
keep  winged  termites  oui  of  areas  where  they  can  build 
colonies.  Chemi'^H'W  treated  wood  will  also  prevent  attack. 
You  can  buy  lumbt  *    ^te         wood  preservatives  in  many 
areas.  You  can  use  u.ir^t-  resistant  woods.  Of  construction 
timbers,  certain  kinds  of  redwood,  cypress,  and  longleaf  pine 
give  the  greatest  protection.  Protection  of  exterior  wood 
surfaces  with  paint  is  also  of  value.  An  appropriate  number  of 
coats  will  fill  many  of  the  cracks  and  openings  into  wood  used 
by  termites  to  gain  entrance.  Larger  cracks  and  joints  can  be 
filled  with  putty  or  plastic  wood.  Of  course,  the  use  of  steel, 
concrete,  brick,  or  stone  in  construction  instead  of  wood 
offers  the  best  protection  against  nonsubterranean  termites, 
but  it  won't  stop  attack  of  wooden  materials  inside  unless  all 
entry  ways  are  properly  sealed- 


Exercises  (821): 
1,  What  two  main  signs  should  you  look  for  in  inspecting 
for  nonsubterranean  termites? 


2.  Where  would  you  normally  expect  to  find  infestations  of 
dry-wood  termites? 


3,  What's  the  e:  ii^st  v;t>  u    heck  for  damage  caused  by 
dry-wood  termites? 


4.  When  you  look  for  shed  wings  as  a  sign  of  a  termite 
infestation,  how  can  you  differentiate  between  subter- 
ranean and  nonsubterranean  termites? 


5.  What  treatments  are  there  for  controlling  nonsubter- 
ranean termites  in  a  building? 


6.  What   advantages   does   sulfuryl   fluoride  have  in 
fumigating  a  building  with  nonsubtCi  ranean  termites? 
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7.  How  should  you  prepare  to  use  a  liquid  or  dust  in 
nonsubterranean  termite  control? 


8.  If  damp-wood  termite  infestations  contact  the  soiL  what 
controls  in  addition  to  fumigation  may  be  needed? 


9.  How  can  you  treat  for  nonsubterranean  termites  in 
furniture? 


10.  List  three  ways  to  prcveni  infcsUitions  of  nonsubter- 
ranean termites. 


2-3.  Wood-Destroying  Fungi 

Wood  is  an  abundant,  versatile,  and  relatively  inexpen- 
sive material,  but  unprotected  wood  and  wood  products  in 
use  and  in  storage  are  subject  to  the  destructive  effects  of  fire, 
mechanical  damage,  insects,  marine  borers,  moisture  and 
weathering,  and  decay  fungi.  Of  all  of  these,  decay  fiingi 
cause  the  greatest  losses.  All  of  the  '^dry  rot,"  "wet  rot," 
and  "natural  deterioration"  of  wood  is  caused  by  living 
decay  fiingi.  All  can  be  prevented  by  recognizing  the 
characteristics  and  biology  of  fungi,  by  knowing  the 
conditions  that  are  conducive  to  fungi  growth,  and  by 
knowing  how  to  control  fungi.  You  have  probably  seen 
wood-rotting  fungi  as  mycelial  nv^s  in  the  reproductive 
stages,  as  mushrooms,  toadstools,  and  bracket  fungi. 
However,  by  the  time  these  surface  growths  are  formed, 
extensive  damage  has  been  caused  by  the  microscopic 
mycelial  threads  (hyphae),  which  have  penetrated  deep 
within  the  wood.  For  this  reason,  you  must  learn  to  recognize 
signs  of  early  attack  by  fiingi  and  to  differentiate  between  the 
fungus  damage  and  the  destructive  effects  of  moisture  and 
weathering. 

822.  Cite  cla*  ification,  characteristic and  reproduction 
of  fungi. 

Recognition  and  Classification.  Fungi  belong  to  the 
division  Thallophyta  of  the  cryptogamic  plants.  There  are  five 
major  classes  of  fungi.  One  of  these,  class  Basidiomycetes, 
contains  the  orde.  Hyrnenomycetales,  which  has  five  families. 
All  five  of  these  families  have  genera  with  wood-destroying 
species.  Some  2,000  species  of  wood-rotting  fungi  are  known, 
of  which  200  to  300  are  commonly  involved  in  wood  deterior- 
ation on  a  serious  scale. 

Since  it  usually  takes  laboratory  proceduic.  to  identify 
specific  wood-rotting  fungi,  it's  a  good  thing  that  we  don  t 
have  to  know  their  genus  and  sp^ecies  to  treat  them.  We  can 
easily  organize  them  into  "artificial"  classifications  based 
on  the  destruction  they  do.  This  system  depends  on  the 


41 

484 


metabolic  processes  of  the  fungi,  on  the  composition  of  the 
materials  on  which  or  within  which  they  grow,  and  on  the 
rates  and  methods  of  growth.  This  system  identifies  all  fiingi 
on  wood  (in  storage  or  in  use)  as  mold  fungi,  stain  fungi,  or 
wood-rotting  fungi. 

Mold  fungi.  These  may  infect  wood  in  storage  or  in  use. 
Wood-inhabiting  fungi  require  that  the  moisture  and  the  air  in 
the  wood  each  be  more  than  20  percent  of  the  wood's  dry 
weight.  The  mold  fungi  enzymes  break  down  and  use  only 
such  wood  materials  as  starches,  sugars,  gums,  and  oils;  they 
have  no  direct  effect  on  the  cellulose  and  iignin.  The  hyphae 
of  most  molds  penetrate  the  wood  through  existing  pores  and 
pits,  and  usually  have  no  direct  chemical  or  mechanical 
effects  on  the  cell  walls.  In  removing  nonstructural  elements 
of  the  wood,  molds  often  reduce  any  natural  water  repellency 
and  make  the  wood  more  subject  to  wetting  and  to  decay. 
Mold  fungi  may  be  found  on  the  surface  of  wood  that  is  being 
attacked  at  depth  by  decay  fiingi. 

Stain  fungi.  Stains  of  various  types  may  be  produced  in 
wood  by  some  of  the  deep  mold  fungi,  ranging  from  nearly 
black  through  shades  of  blues,  browns,  reds,  and  yellows.  Of 
all  the  wood  stains,  the  blue  stain,  or  sap  stain,  is  probably  the 
most  common  and  the  most  serious.  In  the  wood  rays,  in 
which  the  food  substances  are  concentrated,  the  causal  fungi 
can  seriously  damage  the  cell  walls  and  weaken  the  wood 
mechanically. 

Wood-mtting fungi.  These  normally  start  on  the  surface, 
or  in  checks  or  other  openings,  later  penetrating  deeper 
where  they  can  cause  considerable  destruction.  In  the 
incipient  stages,  the  hyphae  spread  in  all  directions  through 
the  wood.  Unlike  the  hyphae  of  mold  fungi,  which  pass  from 
cell  to  cell  through  naturally  existing  holes,  the  hyphae  of  rot 
and  decay  fungi  pass  through  **bore  holes,"  which  form  at 
the  cell  walls  at  points  of  contact  with  the  tips  of  growing 
hyphae.  During  the  incipient  stages  there  is  no  apparent 
dissolution  of  the  wood  other  than  at  the  microscopically 
small  bore  holes,  nor  are  there  visible  changes  in  its 
characteristics  other  than  the  slight  discolorations  caused  by 
some  species.  These  discolorations  may  be  easily  overlooked, 
or  may  be  mistaken  for  the  color  changes  caused  by  mold 
fungi,  chemical  staining,  or  weathering.  As  decay 
progresses  beyond  the  incipient  stages,  the  appearance  of  the 
wood  may  alter  more  and  more  perceptibly.  In  the  advanced 
stages  of  decay,  the  wood  may  become  punky,  spongy, 
stringy,  ring  shaped,  pitted,  or  crumbly^  depending  on  the 
species  of  wood  and  fungus,  and  on  the  extent  of  fungal 
development.  The  wood-rotting  or  decay  fungi  are  usually 
thought  of  as  belonging  to  three  major  groups:  the  white  rots, 
the  brown  rots,  and  the  water-conducting  fungi. 

White  rots  of  wood  and  wood  products  are  caused  by  those 
fungi  whose  enzymes  can  attack  the  ligno-cellulose  complex 
of  the  cell  walls  and  degrade  the  lignified  material.  Because 
of  the  slight  color  changes  usually  involved,  the  white  rots 
may  at  times  be  difficult  to  see.  Some  have  dark  brown  or 
black  zone  lines  at  the  areas  of  incipient  decay,  which  may  be 
the  only  visual  evidence  of  white-rot  damage. 

Brown  rots  of  wood  are  caused  by  decay  fungi  that  can 
attack  the  ligno-cellulose  complex,  but  can't  degrade  the 
lignin.  They  destroy  the  cellulose,  but  leave  the  lignin  and 
some  other  materials  as  a  brownish  residue,  that  crumbles 
easily  into  a  powder  when  it's  dry.  Not  infrequently  the 


brown  residue  is  found  dry,  rather  than  moist,  leading  to  the 
widely  used,  though  inappropriate,  term  ''dry  rot.'' 
Remember  that  rotting  wood  takes  wood-rotting  fungi  and 
that  they  need  a  moisture  content  greater  than  20  percent, 
.After  a  period  of  initial  growth,  many  of  the  brown-rotting 
fiingi  can  develop  structures  highly  resistant  to  desiccation. 
Some  survive  for  several  years  in  air-dry  wood  and  severely 
damage  wooden  structures  that  are  only  intermittently 
exposed  to  moisture.  For  this  reason,  the  use  of  infected 
wood  for  the  construction  or  repair  of  buildings  can  be 
harmful  or  even  dangerous. 

Water-conducting  fungi  are  brown-rot  fungi  that  can 
conduct  water  from  a  single  source  to  otherwise  dry 
structural  wood.  The  two  most  important  water-conducting 
fungi  are  Menilius  lacrymans  and  Poria  incrassata,  Mendius 
lacrymans  is  the  most  common  building  decay  fungus  in 
northern  Europe,  and  is  occasionally  found  in  the  northern 
United  States.  Poria  incrassata,  commonly  called  building 
poria,  is  more  tolerant  of  high  temperatures  and  is  consequently 
the  more  common  of  the  two.  The  initial  growth  may  take 
place  in  cellulose  material  in  most  soil  under  structures.  The 
building  poria  s  ability  to  extend  its  growth  over  the  surface 
of  inorganic  materials  lets  it  bridge  foundation  walls  and  reach 
the  wood  above  them.  Its  tendency  to  attack  unexposed 
surfaces  first  and  its  ability  to  conduct  moisture  to  heights 
of  more  than  20  feet  are  responsible  for  the  extent  of  the  damage 
that  may  be  done  before  any  destruction  is  readily  evident. 

Life  and  History  of  Destructive  Fungi.  You  should  not 
forget  that  fungi  are  living  oiganisms.  They  are  plants  that 
have  lost  their  ability  to  use  sunlight  to  produce  food. 

Spore  distribution.  Fungi  don't  produce  true  seeds  with 
many-celled  embryonic  plants;  they  produce  single-celled 
spores  from  which  new  individual  plants  develop.  Most 
fungus  spores  arc  microscopic,  lightweight,  resistant  to 
extremes  of  tempe-^ture  and  humidity,  and  readily  dispersed 
by  wind  and  water.  Fungus  spores  and  even  the  fungus 
hyphae  are  easily  carried  from  the  ground  and  from  infested 
wood  to  sound  wood  by  wood-inhabiting  insects. 

Germination  and  growth.  Under  the  right  environmental 
conditions  of  humidity  and  temperature,  a  fungus  spore 
germinates,  developing  a  hyphal  tube  or  filament.  If  only 
v/ater  and  inorganic  materials  are  present,  the  growth  will 
stop  after  the  organic  materials  concentrated  in  the  spore 
have  been  used  up.  The  right  nutrients  (such  as  the  cellulose 
in  wood)  permit  the  further  growth  and  branching  of  the 
hyphae  and  the  formation  of  the  mycelial  thallus  and  the 
spore-bearing  structures,  such  as  bracket  fungi,  toadstools, 
mushrooms,  and  puffballs. 

Physiology  and  metabolism.  The  physiology  of  the  fungi 
differs  from  the  physiology  of  green  plants;  lacking 
chlorophyll,  fungi  can't  synthesize  organic  nutrients  from 
dissolved  inorganic  materials.  In  the  parasitic  fungi,  the 
mycelium  penetrates  living  cells  or  the  spaces  between  them 
and  absorbs  the  intracellular  or  intercellular  fluids  of  the  host 
organisms.  Most  saprophytic  fungi  (such  as  those  that  decay 
wood)  secrete  substances  that  dissolve  some  or  all  of  the  solid 
organic  materials  on  which  the  fungi  are  growing.  All  or 
some  of  these  dissolved  or  **digested"  materials  are  then 
absorbed  by  the  hyphae  and  used  for  growth  and 
development.  Most  of  the  wood-rotting  fungi  produce  an 
acid  reaction  in  various  types  of  culture  media;  pH  values  as 
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low  as  2-3  are  not  uncommon.  In  the  failure  of  structural 
concrete  at  points  of  contact  with  rotting  wood,  the  effect  of 
fiingus-produced  acids  should  be  considered.  Other  metabolic 
products  are  also  formed,  and  with  the  acids,  destroy  wood 
and  other  materials.  To  a  lesser  extent,  the  purely  physical 
effects  of  fungal  growth  may  also  destroy  useful  materials. 
Mildew  and  mold  fungi  are  found  on  a  great  variety  of  both 
living  and  dead  organic  materials. 


6.  The  wood-rotting  or  decay  fungi  are  usually  thought  of 
as  belonging  to  what  three  major  groups? 


7.  White  rots  of  wood  and  wood  products  are  caused  by 

fungi  whose  enzymes  can  attack  the  complex 

of  the  cell  walls  and  degrade  the  material. 


Exercises  (822): 
1 .  Place  the  letter  *'T''  before  each  true  statement, 

 a.  One  of  the  classes  of  fungi  is  Basidiomycetes, 

 b.  Wood-inhabiting  fungi  need  both  moisture  and 

air  within  the  wood  and  each  is  at  least  40  percent 

of  the  dry  weight  of  the  wood, 
 c.In  removing  nonstructural  elements  of  wood, 

molds  often  reduce  any  natural  water  repelling 

and  make  the  wood  more  subject  to  wetting  and 

decay, 

 d.  Mold  fungi  may  be  found  on  the  surface  of  the 

wood  which  is  being  attacked  at  depth  by  decay 
fungi, 

 e.  Of  all  the  wood  stains,  the  blue  stain,  or  sap  slain, 

is  probably  the  most  common  and  the  least 
serious. 

 f.  The  ability  of  the  building  poria  to  extend  its 

growth  over  the  surface  of  inorganic  materials 
permits  it  to  bridge  foundation  walls  and  to  reach 
the  wood  above  it. 

 g.  Fungi  produce  true  seeds,  with  many-celled 

embryonic  plants. 

 h.The  physiology  of  the  fungi  differs  from  the 

physiology  of  green  plants  in  that  fungi,  lacking 
chlorophyll,  are  incapable  of  synthesizing 
organic  nutrients  from  inorganic  materials. 

 i.  Most  of  the  wood-rotting  fungi  produce  an 

alkaline  reaction  in  various  types  of  cultural 
media. 

 ^j.  Mildew  and  mold  fungi  are  found  on  a  great 

variety    of   both    living    and   dead  organic 
materials. 
2.  Correct  any  false  statements. 


8.  Brown  rots  of  wood  are  caused  by  decay  fiingi  that  can 
attack  the    complex,  but  can't  degrade  the 


9.  The  brown  rot  fungi  destroy  the 


but  leave  the 


and  some  other  materials  as  a 


residue,  which,  when  dry,  may  be  easily  crumbled  into  a 
p>owder. 


10.  Water-conducting  fungi  are 


fungi  that  can 


conduct  water  from  a  single  source  to  otherwise  dry 
structural  wood. 


1 1 ,  When  the  correct  environmental  condition  of  

and   exist,  a  fungus  spore  will  germinate  with 

the  development  of  a  hyphal  or  


12.  How  do  saprophytic  fungi  decay  wood? 


823.  Verify  or  correct  statements  about  how  to  control 
wood-destroying  fungi. 


3,  In  the  artificial  system  of  classification,  all  fungi  on 
wood  in  storage  or  in  use  aie  identified  how? 


4,  Mold  fungi  in  wood  enzymatically  break  down  what 
materials  and  can't  break  down  what  materials? 


Stains  of  various  types  may  be  produced  in  wood  by 
some  of  the  deep  mold  fungi  in  what  color  range? 


Wood-destroying  fungi  can  be  controlled  effectively  through 
(I)  frequent  inspections  to  detect  the  fungi  or  conditions  that 
favor  their  growth,  (2)  preventive  measures  to  deter  their 
growth,  and  (3)  corrective  action  to     >p  their  growth. 

Inspection.  Inspect  the  --uildings  at  military 

activities  at  least  annually  (semiannually  when  possible  and 
warranted)  for  the  presence  and  extent  of  insect  and  fungus 
infestations  and  the  type  of  control  required.  This  inspection 
is  often  made  in  conjunction  with  the  inspection  for  termite 
attack.  Pay  particular  attention  to  locations  where  occasional 
moisture  from  condensation  or  precipitation  supports  wood- 
rotting  fungi.  Crawl  spaces  under  basemendess  buildings  give 
access  to  inspect  structural  timbers  below  the  floor  level. 
Wood  in  contact  with  masonry  or  metal  subject  to  moisture 
condensation  presents  special  hazards.  Check  carefully  the 
window  and  door  frames  and  porch  columns  and  railings,  as 
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heavy  coatings  of  paint  may  hide  conditions  for  rot.  It's  a 
good  practice  to  use  a  sharp-pointed  probe  to  make  these 
inspections.  When  you  inspect  wood  in  use,  don't  neglect  the 
pallets  used  to  store  supply  items. 

Preventive  Control.  Preventive  control  of  wood- 
destroying  fiingi  falls  into  two  categories  from  the  standpoint 
of  base  pest  control  personnel:  wood  in  storage  and  wood  in 
use. 

Protection  of  wood  in  storage.  Lumber  in  storage  can  be 
protected  from  fungus  damage  and  the  destructive  effects  of 
moisture  changes  through  proper  storage  management  and 
dip-treating  untreated  lumber. 

Lumber  should  be  stored  off  the  ground  or  flooring  and 
under  a  protective  overhead  shelter.  It  should  be  stacked  with 
a  slight  space  between  boards  and  elevated  slightly  at  one  end 
for  ventilation  and  water  runoff.  These  storage  methods  are 
discussed  in  considerable  detail  in  AFM  67-3,  Storage  and 
Mate  Ht'y '  •  /  fondling . 

'  p  ireatment  of  stored  lumber  with  water- 
penuichlorophenol  will  provide  protection  during  a 
long  storage  life  where  the  wood  must  be  exposed  to  the 
weather  Before  it  is  dip  treated,  the  lumber  should  be 
stickered  and  baled  ready  for  storage,  and  it  should  be  dried 
to  a  moisture  content  of  no  more  than  20  percent. 

Protection  of  wood  in  use.  Structural  wood  in  use  often 
requires  protection  from  destructive  fungi.  The  theories  of 
planning  control  are  based  on  the  growth  requirements  and 
physiology  of  the  fiingi,  and  they  are  thus  like  those  involved 
in  the  protection  of  lumber  in  storage.  The  actual  practices 
that  prevent  decay,  however,  are  different.  Preventive 
control  is  based  on  the  use  of  preservatives  and  on  controlling 
moisture  (condensation,  rain  water,  and  capillary,  or  seepage 
water).  Preventive  control  should  begin  with  the  structure's 
planning  and  design.  Since  most  of  the  buildings  we  treat  are 
already  built,  it  is  too  late  to  change  the  designs.  It's  not  too 
late,  though,  to  make  some  structural  modifications  to  prolong 
their  useful  life.  This  is  particularly  true  when  we  make  repairs 
as  the  result  of  fungus  damage.  If  we  note  that  a  design  feature 
of  several  buildings  has  been  responsible  in  part  for  fungus 
damage,  we  should  consider  minor  modifications  of  the  others 
before  they,  too,  need  expensive  repairs.  Proper  design  starts 
at  or  below  the  ground  level,  draining  water  away  from  the 
structure.  If  rainwater  collects  under  buildings,  we  must  correct 
the  drainage  problem  to  save  the  buildings.  Even  with  adequate 
drainage,  condensation  on  the  sills,  joists,  and  subflooring  of 
basementless  buildings  may  be  so  severr;  as  to  result  in  rapid 
deterioration. 

a.  Veaiilauoi  Ventilation  is  critical  in  the  crawl  spaces 
under  b  <*«>u*p*v^>.  hi}  ^*?ngs  (and  in  those  with  incomplete 
baser^tc** « ;  fhr  ^  -  ventilation  (witb^  no  pockets  of 
stat)w5«if  interior  fouxdation  walls) 

is  ca:  (  formula.  The  crawl  space  vent 

must  have  a  net  utiobstructed  area  of  2  square  feet  for  each 
100  lineal  feet  of  outside  wall,  plus  1/3  square  foot  for  each 
100  square  feet  of  crawl  space  area.  Obstructions  call  for 
larger  openings.  If  the  vents  arc  covered  with  louvers  or 
1/16-inch  mesh  insect  screen,  double  the  size.  If  they  are 
covered  with  both,  triple  the  size.  If  the  gross  area  is  partially 
covered  by  bars,  grills,  or  grids,  adjust  the  size  for  an 
adequate  net  area.  The  ill-advised  practice  of  closing  the 
vents  during  cold  weather  does  lower  the  ftiel  bill,  but  it  also 


increases  the  maintenance  costs  and  shortens  the  useful  life  of 
the  structures. 

fe.  Ground  cover.  When  it's  too  expensive  to  heat  occupied 
buildings  and  keep  adequate  ventilation  of  the  crawl  spaces, 
we  can  use  other  condensation-prevention  techniques  to  help. 
One  successful  method  uses  a  soil  cover  of  asphalt  roll  roofing 
(the  grade  that  weighs  55  pounds  per  roll  of  108  sauare  feet). 
No  lapping,  fastening,  cementing,  or  preliminary  careful  level- 
ing is  required.  Plastic  films  are  effective  and  are  easier  to 
handle,  but  they  must  be  weighted  at  the  comers. 

c.  Protection  from  water.  Most  cases  of  serious  decay  in 
siding  and  exterior  trim  are  found  on  buildings  with  little  or 
no  roof  overhang  or  with  faulty  eaves,  gutters,  or  downspouts. 
Excessive  amounts  of  water  run  down  the  sides  and  seep  into 
joints,  particula'-ly  butted  joints  between  siding  pieces  and 
between  siding  and  trim.  It  is  nearly  impossible  to  keep  the 
joints  tight  enough  to  keep  out  seepage  water  during  severe 
rain  washings.  Paint  can't  seal  joints.  In  many  areas,  siding 
and  trim  that  have  much  sapwood  need  protection  by:  (1)  good 
projection  of  eaves  and  rake  of  gables  to  prevent  all  but 
occasional  rain  washing;  (2)  tight  joints  plus  well-maintained 
paint  films  to  minimize  rain  seepage  during  occasional  wet- 
tings; (3)  lightweight,  vapor-permeable  (breathing)  building 
papers  under  siding  to  speed  the  drying  of  any  seepage  water; 
(4)  good  flashing  of  exposed  doors,  windows  or  other  openings, 
and  any  horizontal  projections;  and  (5)  good  gutters  and  down- 
spouts. When  you  can't  stop  rain  washing,  use  preservatives. 

J.  Building  appendages.  Wooden  porches  and  exterior 
steps,  even  those  of  ihe  best  design  and  construction,  are 
decay  hazards;  any  feature  promoting  seepage  will  greatly 
hasten  decay.  Step  and  stoop  rails  that  are  protected  by  well- 
maintained  paint  still  show  marked  differences  in  susceptibility 
to  decay,  depending  on  the  type  of  construction.  Considerable 
protection  is  afforded  by  extending  the  rail  over  the  top  of  the 
newel  rather  than  abutting  the  end  of  the  rail  to  the  side  of 
the  post.  Any  rail  splice  occurring  over  a  post  will  greatly 
increase  the  decay  hazard.  These  design  features  should  be 
considered  during  inspections  and  during  replacement.  The 
common  practice  of  placing  trim  over  the  ends  of  drop  siding 
normally  creates  no  ciecay  hazard,  but  instead  allows  less 
water  seepage  than  the  common  butt  joints  of  siding  to  trim. 
With  bevel  siding,  the  placement  of  trim  over  the  siding  ends 
tends  to  reduce  wetting,  but  not  to  any  great  degree.  The 
bevel  results  in  a  long  vertical  opening  and  allows  easy  water- 
flow  back  under  the  siding.  With  bevel  siding,  metal  comers 
are  the  only  structural  means  of  reducing  water  seepage;  all 
other  types  of  comer  joints  leak  badly. 

Wood  preservatives.  ;nce  no  design  modifications  can 
pre»y^nt  '  decay  f  -  r^or  roof  verhang  and  ventilation 
we  .sh/>;.U  c  pre  r\:itixc,>.  Badly  rotted  wood  should,  of 
course,  be  replaced.  We  should  always  use  preservatives, 
and  in  some  cases,  we  should  use  preservation  to  depth. 
Because  of  the  seepage  and  the  probable  incipient  rot,  we 
should  saturate  the  adjacent  wood  as  thoroughly  as  possible 
by  brushing  or  spraying  on  a  water-repellent  5-percent 
pentachlorophenol  solution  in  mineral  spirits.  This  may  take 
diree  or  more  brushings.  Apply  each  treatment  before  the 
preceding  treatment's  solvent  has  dried  and  sealed  the  wood 
against  further  absorption.  Building  sidings  may  be  easily 
treated  with  a  preservative  before  the  paint  is  applied,  the 
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water-repellent  material  in  the  preservative  acting  as  a 
prepaint  wood  primer.  It's  a  good  idea  to  brush  on  all  the 
preservative  a  window  frame  and  sash  can  absorb  before  you 
renew  the  paint.  Power  sprayers  provide  a  ready  means  of 
treating  susceptible  areas  under  basementless  buildings. 
Heavy  application  of  a  water-repellent  5-percent  penta- 
chlorophenol  solution  can  make  the  structural  timber  joints 
almost  completely  impervious  to  wate^  and,  therefore,  safe 
from  decay  fiingi.  Pay  particular  attention  to  all  joints  and  to 
wood  in  contact  with  concrete,  brick,  metal,  stone,  and  other 
surfaces  on  which  moisture  condenses  readily.  The  application 
will  be  most  effective  when  the  wood  is  dry,  so  save  the  job 
for  a  dry  day  if  you  can.  Preservative  emulsions  and  greases 
are  suitable  for  many  locations,  but  they  may  affect  the  paint- 
ability  of  wooden  siding  and  trim. 

Corrective  Control.  Corrective  control  of  wood- 
destroy,  fiingi  can  also  be  considered  in  terms  of  wood  in 
storage  and  wood  in  use.  Stored  wood  that  is  fungus  infested 
should  be  removed  from  the  clean  lumber  and  given 
preventive  treatment.  It  should  never  be  left  untreated  in  a 
lumber  yard. 

Seriously  rotted  wood  can  only  weaken  the  structure  it's 
in;  it  should  be  replaced.  We  can  partially  protect  lightly 
damaged  wood  with  preservatives,  but  trying  to  pressure- 
treat  wood  in  place  with  ftingicides  or  insecticides  under 
pressure  will  consistently  produce  poor  results.  We  can  get 
deep  penetration,  though,  by  surface  application  of  grease  or 
emulsion  formulations.  For  water-conducting  fungi,  give 
special  attention  to  the  moisture  source.  The  use  of 
water-soluble  fungicides  may  be  advisable  at  such  points. 
Though  it  may  be  desirable  in  some  cases,  it  will  rarely  be 
necessary  to  use  wood  preservatives  at  the  points  to  which 
these  specialized  fiingi  have  conducted  moisture,  provided 
the  rhizomorphs  aie  completely  destroyed  and  their  lov/er 
part  poisoned  with  fiingicides. 


Preventive  control  is  based  on  using  preserva- 
tives and  controlling  moisture. 


Closing  vents  under  basementless  buildings  in 
cold  weather  will  lower  the  fiiel  bill ,  decrease  the 
maintenance  cost,  and  extend  the  useful  life  of 
structures. 


A  condensation- prevention  technique  under 
buildings  is  to  use  a  soil  cover  if  you  can't  get 
adequate  ventilation. 


Most  serious  decay  in  siding  and  exterior  trim  is 
found  in  buildings  with  little  or  no  roof  overhang 
or  faulty  eaves,  gutters,  or  downspouts. 


Wood  porches  and  exterior  steps  are  decay 
hazards. 


A  5-percent  pentachlorophenol  solution  in 
mineral  spirits  may  be  used  as  a  wood 
preservative. 


Preservative  emulsions  and  greases  are  suitable 
for  use  as  wood  preservatives. 


Exercise  (823): 

1.  Place  the  letter  **T"  before  the  true  statements  and 
correct  the  false  ones. 

  a.     Wooden  buildings  at  military  activities  should  be 

inspected  at  least  annually  (semiannually  when 
possible  and  warranted)  to  determine  the  presence 
and  extent  of  insect  and  fiingus  infestation  and  the 
type  of  control  needed. 


2-4.  Wood-Boring  Insects 

Wood-boring  insects  art  separated  invO  three  groups:  the 
powder-post  beetles,  the  powder-post  borers,  and  the 
carpenter  ants  and  bees.  This  section  covers  the  characteris- 
tics (descriptions,  habits,  and  habitats)  of  these  insects  as 
well  as  the  controls  for  them. 


Lumb  horV'  *^  9tr  -d  off  the  gv.  d  ^2r4 
fl  uu  uiidc.  ^  pioi^ectivc  overheau  shelter.  thre 


riiti^uate  among  the  general  characteristics  of 
der-post  beetle  families. 


A  quick-dip  treatment  of  stored  lumber  with 
water-repellent  pentachlorophenol  will  provide 
protection  during  a  long  storage  life  where  the 
wood  must  be  exposed  to  the  weather. 


Powder-Post  Beetles.  Powder-post  beetles  arc  so  named 
because  of  the  powdery  substance  (frass)  they  leave  on  wood 
surfaces  or  in  piles  on  the  floor  near  chair  and  table  legs. 
There  are  three  families  of  powder-post  beetles:  Lyctidae, 
Anobiidae,  and  Bostrychidae.  Po^  'der-post  beetles  belong  to 
the  order  Coleoptera.  The  larvae  are  responsible  for  most 
damages.  They  are  the  second  most  important  insect  pest  of 
wood  articles  and  timbers. 

Lyctidae.  This  family  is  the  true  powder-post  beetle.  The 
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larvae  are  whitish  with  dark-brown  heads  and  manidibles. 
The  anterior  part  of  their  bodies  is  larger  than  the  posterior 
part.  The  larvae  have  three  minute  pairs  of  legs.  The  last  pair 
of  spiracles  are  much  larger  than  the  other.  The  very  young 
larvae  bore  into  the  wood  source.  Once  they  mature,  they 
bore  almost  completely  out  in  order  to  pupate. 

Once  pupation  is  complete,  the  adults  bore  completely 
out,  pushing  a  fine  powdery  wood  dust  out  of  the  wood  as 
they  emerge.  The  adults  arc  reddish  brown  to  black  and  are 
from  2.4  to  5.6  mm  long.  The  antennae  terminate  in 
two-segmented  club.  The  tibiae  ber>'-  <;r^  '^     The  [ 
abdominal  segment  is  as  lonr  .coud  and  third 

segments  combined. 

Thie  powder-post  beetles  only  attack  seasoned  wood  and 
will  not  attack  a  live  tree  or  freshly  cut  wood.  The  adults  will 
usually  deposit  eggs  into  the  surface  pores  of  lumber  while  it 
is  stored  and  while  it  is  curing.  After  development  is 
complete  (3  months  to  a  year),  the  adults  will  emerge  from 
finished  wood  and  furniture  products.  These  beetles  prefer 
the  sapwood  of  hardwoods  such  as  oak,  hickory,  and  ash  and 
are  commonly  found  in  tool  handles,  pallets,  furniture, 
picture  frames,  and  in  interior  woodwork  of  buildings.  The 
exit  holes,  which  run  parallel  with  the  wood  grain,  are  filled 
with  frass  (absent  of  fecal  pellets)  and  are  approximately  1,2 
mm  in  diameter. 

Anobiidae.  The  larvae  of  this  family  attack  the  sapwood 
of  hardwoods  and  softwoods,  such  as  pine,  oak,  beech, 
alder,  and  willow.  Anobiidae  larvae  prefer  old  wood  and  are 
commonly  found  in  girders,  beams,  foundation  timbers,  and 
antique  furniture. 

The  larvae  are  whitish,  slightly  curved,  and  wrinkled  with 
tiny  hairs  on  the  body.  They  have  three  pairs  of  short  legs  and 
toothed  mandibles.  They  range  in  size  from  6.3  to  12,5  mm 
long.  The  young  larvae  bore  into  the  wood,  where  they  may 
live  for  a  year  or  two.  Just  before  they  pupate,  they  bore 
toward  the  surface  but  not  completely  out.  When  the  adults 
emerge,  they  leave  small  holes  about  2,4  mm  in  diameter. 
The  tunnels,  or  galleries,  may  run  across  the  wood  grain,  and 
they're  loosely  filled  with  frass  and  distinct  elongate  or 
bun-shaped  fecal  pellets.  These  adults  are  reddish  to  blackish 
brown  and  are  usually  less  than  8  mm  long.  The  thoracic 
region  is  usually  margined  at  the  sides,  and  the  head  is  barely 
visible  from  a  dorsal  view,  Thev  •  not  h:'s  C  spun  ^  !^^  : 
tibiae.  They  deposit  rg?:  •?  ^  r  ■>  -  '  iv^\  s  of  w  i  >oa 
or  in  th^  ^vvH^h  '>f -v-:       e>">  ho^ 

i0^  ,*ychidc  :\\\\y  of  powder-post  beetles  is 

conuiionly  referrtj  to  a:>  the  false  powder-post  beetle.  The 
two  species  we  meet  most  commonly  are  the  bamboo  borer 
and  the  lead-cable  borer.  The  Bamboo  borer  adult  is  brown, 
cylindrical,  and  3  to  4  mm  long.  As  the  common  name 
implies,  it  prefers  bamboo  woods  and  will  often  be  found  in 
furniture,  ornaments,  and  poles  constructed  from  bamboo. 
The  lead-cable  borer  is  also  known  as  the  short-circuit  beetle, 
because  it  actually  causes  shorts  in  telephone  and  other 
electrical  circuits  by  feeding  upon  its  preferred  u^od  source 
(lead)  in  underground  cables.  This  beetle  is  also  often  found 
in  wine  casks.  The  adults  are  reddish  brown,  cylindrical,  and 
5  to  6  mm  long, 

Bostrychidae  larvae  are  whitish,  curved,  wrinkled,  and 
robust.  They  have  small  heads  and  greatly  enlarged  thoracic 
regions  that  bear  three  pairs  of  well-developed  legs.  Their 


mandibles  are  not  toothed.  Larval  tunnels  generally  run 
parallel  with  the  wood  grain  and  are  tightly  packed  with 
frass.  The  adults  bore  into  the  wood  to  deposit  their  eggs  and 
may  at  times  insert  the  eggs  into  the  cells  of  the  wood.  Once 
the  eggs  hatch,  the  larvae  bore  toward  the  surface  and  pupate. 
After  pupation,  the  new  adults  emerge  from  the  wood.  The 
adults  have  an  enlarged,  roughened  thorax  that  gi^ 
beetle  a  humpbacked  appearance.  They  have  spurred 
and  their  entrance  and  exit  holes  average  6,3  mm  in  diamcii-i. 


Exercises  (824): 

State  whether  each  description  refers  to  Lyctidae  (L), 
Anobiidae  (A),  or  Bostrychidae  (B). 

  1.     The  very  young  larvae  bore  into  the  wood 

source,  and  once  mature,  they  bore  almost 

completely  out  to  pupate. 
  2.     The  emerging  adults  leave  small  holes  about 

2,4  mm  in  diameter. 
  3.     The  adult  bores  into  the  wood  to  deposit  eggs 

and  may  at  times  insert  eggs  into  the  cells  of  the 

wcod. 

  4,      The  adults  have  a  roughened  thorax  that  is 

enlarged,  giving  the  beetle  a  humpbacked 
appearance,  and  they  have  spurred  tibiae, 

  5,      The  tunnels,  or  galleries,  may  run  across  the 

wood  grain  and  are  loosely  filled  with  frass  and 
distinct,  elongated  or  bun-shaped  fecal  pellets, 

  6,     A  true  powder-post  beetle. 

  7.     False  pcwder-post  beetle. 

  8,      The  larvae  attack  the  sapwood  of  hardwoods 

and  softwoods, 

  9,      These  adults  are  reddish  to  blackish  brown  in 

color  and  are  less  than  8  mm  long, 

  10,      The  larvae  have  three  minute  pairs  of  legs,  and 

the  last  pair  of  spiracles  are  much  larger  than 
the  others, 

  1 1 .     The  antennae  end  in  a  two-segmented  rlnh  nr  i 

the  tibiae  bear  spurs, 
  12,     The  larvae  have  three  ^v^irs  of  sho.  .aU 

tooth  mandibles, 
 The  larvae  are  whitish,  si-' htly  curveu,  anc 

wrinkled,  with  tiny  hairs      the  body. 
  14,     The  larvae  have  small  neads  and  greatly 

enlarged  thoracic  regions  that  bear  three  pairs 

of  well-developed  legs, 
  15,     The  larvae  prefer  old  wood  and  are  commonly 

found  in  girders,   beams,   and  foundation 

timber, 

  16.     The  larvae  are  whitish  with  dark  brown  heads 

and  mandibles, 

  17,     The  basal  abdominal  segments  are  as  long  as 

the  second  and  third  segment  combined, 

  18,     The  adult's  thoracic  region  is  usually  margined 

at  the  sides,  and  the  head  is  barely  visible  from 
a  dorsal  view.  They  don't  have  spurs  on  the 
tibiae, 

  19,     Adults  are  reddish  brown  to  black, 

  20.     Larval  tunnels  generally  run  parallel  with  the 

wood  grain  and  are  tightly  packed  with  frass. 
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2 1 ,  The  larvae  anterior  part  of  the  body  is  larger 
than  the  posterior  part. 

22,  Their  mandibles  are  not  toothed, 

23,  They  only  attack  seasoned  wood;  not  live  trees, 

24,  The  larvae  range  from  6,3  to  12,5  mm  long. 

25,  Prefer  the  sap  woods  of  hardwoods,  such  as 
oak,  hickory,  and  ash. 

26,  The  larvae  may  live  in  the  wood  for  a  year  or 
two  before  boring  towards  the  surface, 

27,  Exit  holes  run  parallel  with  the  wood  grain,  are 
filled  with  frass,  and  are  1 .2  mm  in  diameter. 

28,  The  larvae  are  whitish,  curved,  wrinkled,  and 
robust. 


825.  Identify  powder-post  borers  with  their  habits, 
habitat,  descriptions,  and  treatment. 

Powder-Post  Borers.  Powder-post  borers  belong  to  the 
order  Coleoptera,  specifically  to  the  families  Cerambycidae 
and  Buprestidae.  These  beetles  are  primarily  feeders  on  dry 
woods.  Under  natural  forest  conditions,  they  play  an 
important  role  in  reducing  dead  trees  to  permit  new  growth. 
Their  destructiveness  in  structural  woods,  however,  can 
result  in  considerable  economic  losses. 

Cerambycidae.  These  are  often  referred  to  as  long- 
homed  wood  borers  or  roundheaded  wood  borers.  The 
family  has  some  of  the  largest  species  of  wood  borers.  Since 
cerambycids  will  attack  living  or  dead  wood,  they  are 
generally  considered  to  be  pests  of  such  ornamental  plants  as 
shade  trees  and  fruit  trees,  but  the  old-house  borer  is  one 
species  that  is  very  important  as  a  structural  pest.  It  attacks 
sapwood  of  softwoods,  such  as  pine  and  spruce,  and  is 
commonly  found  in  floor  joists,  sills,  beams,  studs,  and 
subflooring. 

The  old-house  borer  deposits  eggs  in  tight  crevices,  such 
as  cracks  and  natural  checks  in  boards.  Upon  hatching,  the 
larvae  bore  into  the  wood.  They  may  sny  in  this  stage  for  2  to 
3  years.  The  tunnels  excavated  are  round  because  the  head 
and  thoracic  region  of  the  larvae  are  round.  These  tunnels  are 
loosely  filled  with  frass.  Before  the  larvae  pupate,  they  bore 
toward  the  surface.  After  pupation,  the  adults  emerge  at  the 
surface  and  leave  oval  holes.  The  larvae  are  flesh  colored, 
straight  bodied,  wedge  shaped,  and  may  be  up  to  25,6  mm 
long.  The  adults  arc  brownish  black  in  color  and  have  many 
gray  hairs  on  the  head  and  anterior  portion  of  the  body.  Each 
wing  cover  has  two  patches  of  gray,  and  when  fused,  they 
will  form  either  two  transverse  bands  or  two  downy  white 
spots. 

Buprestidae,  This  family  of  wood  borers  is  often  referred 
to  as  flatheaded  wood  borers  because  of  the  enlargement  of 
the  thorax  immediately  behind  the  relatively  small  head.  Like 
the  family  Cerambycidae,  the  buprestids  attack  living  and 
dead  wood  and  are  considered  to  be  more  important  as  pests 
of  ornamental  plants  than  as  structural  pests,  Buprestids  are 
attracted  to  smoke.  This  attraction  leads  them  to  forest  fires, 
where  they  deposit  eggs  in  bark  cavities  of  scorched  trees. 
Once  the  eggs  hatch,  the  elongated,  whitish,  legless  larvae 
bore  into  the  sapwood  and  leave  tunnels  that  are  tightly 
packed  with  frass.  The  adults  can  usually  be  recognized  by 


their  bright  metallic  colors.  Because  there  are  many  species 
of  bu-^restids,  their  coloration  and  size  vary.  Most  are 
iridescent  blues  and  bronzes.  These  beetles  range  in  size 
from  small  to  medium  and  may  be  either  flat  bodied  or 
cylindrical. 


Exercises  (825): 

Does  each  of  these  statements  refer  to  Cerambycidae  (C), 
Buprestidae  (B),  or  both? 

 1 .     Primary  feeders  on  dry  wood. 

 2.     Will  attack  living  or  dead  wood. 

  3.      Pests  of  ornamental  plants,  such  as  shade  trees 

and  fruit  trees. 

 4.      Long-homed  wood  borers  or  roundheaded 

wood  borers. 
  5.     Flatheated  wood  borers, 

  6.      Destructiveness  in  structural  woods  can  result 

in  considerable  economic  loss. 
  7.     Old-house  borers  attack  sap  woods  of  soft 

woods  and  are  commonly  found  in  floor  joists, 

subflooring,  sills,  beams,  and  studs. 
  8.     Adults  have  bright  metallic  colors;  most  are 

iridescent  blues  and  bronzes. 
  9,     The  adults  are  brownish  black  and  have  many 

gray  hairs  on  the  anterior  part  of  the  body, 
  10.     The  tunnels  are  round  because  the  head  and 

thorax  region  of  the  larvae  are  round. 


826.  Verify  or  correct  statements  about  control  of 
powder-post  beetles  and  borers. 

Control  of  Powder-Post  Beetles  and  Borers.  Pcwder- 
post  beetles  and  borers  can  be  controlled  effectively  by 
preventive  and  corrective  measures. 

Preventive  control.  Wood  susceptible  to  powder-post 
beetle  attack  and  intended  for  prolonged  or  indefinite  storage 
may  be  protected  economically  by  a  preventive  treatment. 
Oil  solutions  containing  chlorinated  hydrocarbons,  applied 
as  3-minute  dips,  have  proven  effective  in  preventing  beetle 
attacks  for  10  years  or  more.  Emulsions  and  suspensions  are 
less  effective.  Satisfactory  solutions  may  be  prepared  from 
fiiel  oil,  trichlorobenzene,  or  other  recommended  solvents. 
An  effective  general-purpose  protective  dipping  solution 
should  contain  5  percent  of  a  water  repellent,  one  of  the 
approved  chlorinated  hydrocarbons,  and  a  penetrating 
solvent.  The  pentachlorophenol  will  prevent  fungus  o.  ,c, 
and  the  chloiinated  hydrocarbons  will  prevent  insect  attack. 
When  wood  so  treated  is  cut  or  refinished,  the  cut  surfaces 
should  be  covered  with  preservatives  by  dipping  or  brushing. 
An  excellent  wood  preservative,  without  the  insecticide,  is 
pentac  rophenol.  The  pentachlorophenol  is  not  needed 
unless  the  wood  is  to  be  stored  or  used  where  it  would  get  wet 
and  be  subjected  to  attack  by  decay.  If  the  wood  won't  be 
subject  to  decay,  an  oil  solution  of  a  recommended 
insecticide  will  protect  it  from  beetle  attack.  Tool  handles, 
gunstocks,  and  other  items  may  be  protected  against  lyctus 
attack  if  all  surfaces  are  coated  with  a  heavy  linseed  oil  or 
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f^aint  that  fills  the  wood  ->ores  and  prevents  oviposition 
(depositing  of  eggs). 

Corrective  control,  Ac  .ive  infestations  can  be  controlled 
with  3-minute  dip  treatments  in  oil  solutions  of  the  chlorinated 
hydrocarbons.  Thorough  brush  and  spray  applications  are 
effective  on  small-dimension  stock,  such  as  tool  handles.  For 
control  in  buildings,  good  penetration  of  the  insecticide  is 
important.  Paint,  vamish,  or  enamel  should  be  removed 
before  the  insecticide  is  applied.  In  treating  laid  flooring  in 
buildings,  you  can  get  deeper  penetration  by  thoroughly 
brushing  the  oil  solution  into  existing  beetle  emergence  holes 
and  the  crevices  between  the  boards.  Merely  spraying  the  oil 
solution  onto  the  exposed  surface  of  the  flooring  often  does  not 
give  enough  penetration  for  control.  Heavy-dimension  stock 
may  take  two  or  more  applications.  Heavy  timbers  may  need 
vat  dipping  or  drilling  and  injection  of  the  oil  solution  under 
pressure.  Fumigation  with  methyl  bromide  in  vacuum  cham- 
bers is  effective,  but  it  provides  no  residual  protection. 

Exercise  (826): 

1 ,    Place  the  letter  **T"  before  true  statements  and  correct 
false  ones. 

 Oil  solutions  containing  chlorinated  hydro- 
carbons, applied  as  3-minute  dips,  have  been 
effective  in  preventing  beetle  attack  for  10 
years  or  more. 


Emulsions  and  suspensions  are  more  effective 
than  oil  solutions. 


An  effective  general-purpose  protective  dip- 
ping solution  should  contain  5  percent 
pentachlorophenol,  approximately  5  percent  of 
a  water  repellent,  one  of  the  approved 
chlorinated  hydrocarbons,  and  a  penetrating 
solvent. 


-  d.  The  pentachlorophenol  will  prevent  insect 
attack,  and  the  chlorinated  hydrocarbons  will 
prevent  fungus  damage. 


—  e.  Active  infestations  can  be  controlled  with  a 
3-minute  dip  treatment  in  oil  solutions  of  the 
chlorinated  hydrocarbons. 


Paint,  vamish,  or  enamel  can  be  left  in  place 
when  the  insecticide  is  applied. 


sufficient  penetration  to  give  satisfactory 
control. 


827.  Cite  characteristics  of  and  controls  for  carpenter 
ants  and  bees. 


Carpenter  Ants  and  Bees.  These  insects  belong  to  the 
order  Hymenoptera.  Even  though  they  are  venomous,  they 
hav^^  been  reserved  for  this  section  because  they  are  more 
important  as  structural  pests. 

Carpenter  ants.  Carpenter  ants  are  so  named  because  they 
tunnel  into  wood  and  excavate  the  galleries  that  form  a  home 
for  the  colony.  Although  they  arc  general  feeders  and  will  not 
eat  the  wood,  they  can  sometimes  do  serious  damage. 
Common  black  carpenter  ants  are  large  ants,  sometimes  12.5 
mm  long.  They  build  their  nests  in  such  places  as  the  dead 
heartwood  of  living  trees,  logs,  house  timbers,  poles,  and 
almost  any  wood  material.  They  are  most  destructive  in  soft 
woods.  Most  of  their  tunnels  arc  approximately  parallel  and 
run  lengthwise  with  the  grain  of  the  wood.  Other  shorter 
tunnels  that  cut  across  the  grain  connect  the  longer  parallel 
tunnels  within  the  wood  and  open  to  the  outside.  Wherc  wood 
is  seriously  damaged  by  carpenter  ants,  it  should  be  replaced. 
For  the  most  satisfactory  control,  short  of  removal  of  the 
infested  wood,  the  nest  must  be  located,  Insecticidal 
formulations  of  chlorinated  hydrocarbons  arc  effective  if 
they're  injected  into  the  nests.  In  some  case^,  it  is  hard  to  find 
th£:  nest,  but  the  ants  may  be  seen  coming  from  cracks  or 
joints  in  the  building.  In  such  cases,  we  can  get  good  control 
with  insecticidal  dusts  that  arc  carried  to  the  nest  by  ants 
walking  through  them,  or  with  poisoned  baits. 

Carpenter  bees.  Carpenter  bees  belonging  to  genus 
Xylocopa  are  large  bees,  sometimes  an  inch  long.  Most  or 
them  are  found  in  the  southern  part  of  the  United  States  and  in 
the  'Ropics.  Carpenter  bees,  like  carpenter  ants,  don't  eat 
wood  but  excavate  tunnels  for  nesting  sites.  Unlike  ants  and 
some  other  bees,  carpenter  bees  are  not  social  insects 
developing  large  colonies,  lUnnel  openings  are  usually 
perfectly  round,  or  nearly  so.  The  tunnels,  which  may  extend 
as  much  as  a  foot,  are  divided  into  brood  cells.  The 
occasional  tunneling  of  structural  timbers  by  carpenter  bees 
should  cause  no  alarm  to  building  occupants,  but  repeated 
attacks  in  the  same  area  may  result  in  significant  damage. 
Dusting  partly  completed  tunnels  with  insecticide  powder 
will  kill  the  adult  bees.  Insecticides  may  be  used  as 
preventive  sprays  or  may  be  packed  into  the  tunnels,  which 
are  then  sealed  with  putty.  The  most  effective  preventive 
treatment  for  use  in  structures  is  a  heavy  protective  coating  of 
paint. 

Exercises  (827): 

1.    Carpenter  ants  are  so  named  because  they  

  into  wood  and    to  provide  the 

galleries  that  form  a  home  for  the  colony. 


Spraying  the  oil  solution  onto  the  exposed  2.  Carpenter  ants  are  most  destructive  in  what  kind  of 
surface  of  the  flooring  frequently  does  not  give  wood? 
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3     Insecticidal     formulations     containing    6.    Carpenter  bees  do  not  wood  but 

 hydrocarbons  are  effective  if  into  tunnels  for  nesting  sites. 


the  nests. 


7.    Partly  completed    can  be    with 

4.    We  can  often  get  good  control  using  insecticidal  insecticide  to  kill  the  adult  bees. 


that  arc  _____  nests  by  ants 


walking  through  them. 


5.    Most  carpenter  bees  arc  found  in  what  part  of  the  United 
States? 


8.    The  most  effective  preventive  treatment  for  use  in 
structures  is  a  heavy  protective   of  
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CHAPTER  3 


OrnamentaS     1  Turf  Pests 


ORNAMENTAL  TRi  .  S  AND  shrubs  represent  an  impor- 
tarn  part  of  the  wealth  and  beauty  of  this  country.  They  make 
up  our  forests  and  beautify  residential  grounds,  city  streets, 
highways,  and  the  countryside  in  general.  On  many  of  our 
military  installations,  cultivated  plantings  and  forest  areas 
are  the  most  attractive  features.  In  addition,  they  provide 
protection  against  dust,  erosion,  and  flooding. 

Tbees  and  shrubs  on  military  installations  may  be  attacked 
and  progressively  damaged  by  insects  and  other  p>e.«ts  in 
many  ways.  For  example,  a  colony  of  caterpillars  may  strip 
the  foliage  frorr  twigs  and  branches;  aphids  may  suck  the  sap 
from  new  shoots  and  leaves,  causing  them  to  wilt  or  to  grow 
abnormally;  tiny  scale  may  »^ncrust  branches  and  twigs, 
withdrawing  enough  fooil  to  kill  plants  outright;  and  borers 
of  many  kinds  may  invade  the  bark  and  wood,  seriously 
injuring  or  killing  plants.  More  subtle  and  often  more  serious 
is  the  damage  caused  by  tliose  insects  that  carry  bacterial, 
fungal,  or  viral  disease. 

Tbrf  is  subject  to  attack  from  insects  and  insectlike  pests 
that  cause  it  to  turn  brown  and  die.  The  extensively  grassed 
arsas  at  military  installations  represent  important  invest- 
ments in  land  management  (dust  and  erosion  control)  and  in 
the  morale  benefits  of  lawns,  golf  courses,  and  recreation 
areas.  The  many  pests  that  destroy  lawns  and  other  grassed 
areas  arc  grouped  by  their  methods  of  attack  and  types  of 
damage.  Some  live  in  the  sod  and  chew  the  grass  roots. 
Others  live  above  ground  and  chew  the  leaves  and  stems.  Still 
others  suck  the  juice  from  the  plants. 

3-1 .  Ornamental  Pests 

Ornamental  pests  discussed  in  this  section  include  insects 
that  feed  on  trees  and  shrubs  (by  eating  entire  leaves,  eating 
parts  of  leaves,  or  boring  into  the  bark  and  sucking  the  sop 
from  leaves  and  stems).  We'll  cover  the  characteristics  and 
controls  for  common,  webbing,  and  miscellaneous  lepidoptera 
defoliators;  skeletonizing  and  mining  defoliators;  beirk 
beetles  and  engravers;  sapsuckers;  and  gall  formers. 


828.  Associate  three  conunon  Lepidoptera  defoliators 
with  their  descriptions. 


Common  Lepidoptera  Defoliators.  Many  of  the  insects 
that  defoliate  shade  trees  and  shrubs  are  general  feeders  that 
attack  a  wide  variety  of  hosts.  The  more  important  and 
abundant  ones  are  typical  caterpillars,  such  as  the  fall 


cankerworm,  white-marked  tussock  moth,  and  gypsy  moth. 

Fall  cankerworm.  The  fall  cankerworm  i.s  found  in  nearly 
all  parts  of  the  northern  United  States  and  as  far  west  as 
Montana  and  south  to  the  Carolinas  and  Missouri .  It  has  been 
reported  in  Colorado  and  California.  The  adult  male  has  a 
wing  spread  of  approximately  31  mm.  The  wings  are  light 
gray  with  pale  markings.  The  female  is  light  gray  and 
wingless.  Eggs  are  deposited  in  clusters  on  twigs  in  late  fall 
and  hatch  in  the  spring.  Pupation  is  in  a  silken  cocoon  in  the 
ground  just  a  few  inches  below  the  surface. 

White-marked  tussock  moth.  This  moth  is  found  along 
the  entire  Atlantic  Coast  and  westward  to  Colorado.  It  feeds 
chiefly  on  shade  trees,  such  as  sycamores.  The  adult  has  a 
wingspread  of  about  25  mm.  The  wings  are  gray  with  wavy 
dark  bands  and  pale  markings.  The  female  is  robust,  light 
gray  in  color,  and  is  wingless.  Eggs  are  deposited  in  the  fall 
on  silken  cocoons  in  which  pupation  occurs.  They  are 
covered  with  a  white,  liquid  substance  that  hardens  to  form  a 
crust  that  is  very  noticeable  against  the  bark  of  trees.  These 
eggs  hatch  in  early  spring,  and  the  larvae  start  to  feed 
immediately.  The  larvae  are  about  3.8  cm  long,  with  a 
bright-red  head  and  two  raised,  red  humps  on  top  near  the 
posterior  end. 

Gypsy  moth.  The  gypsy  moth  is  found  primarily  in  the 
New  England  States  and  paits  of  New  York  and  Pennsylvania. 
It  feeds  mainly  upon  such  trees  as  apple,  alder,  birch,  oak,  and 
A^illow.  The  adult  male  has  a  wingspread  of  about  3.8  cm  and  the 
the  wings  arc  brown  with  yellowish  markings.  The  wings  of  the 
female  are  almost  entirely  white  with  a  few  dark  markings  and 
are  approximately  5  cm  across.  The  female  has  a  thick  heavy 
body  and  does  not  fly. 


Exercki^es  (828): 

  1.    Which  pest  feeds  mainly  on  such 

trees  as  apple,  alder,  birch,  oak, 
and  willow? 

 2.    Which   feeds  chiefly   on  shade 

trees,  such  as  sycamores? 

  3  Which  adult  male  has  a  wing- 
spread  of  about  3.8  cm  and  wings 
that  are  brown  with  yellowish 
markings? 

 4.    Which  adult  male  has  a  wing 

spread  of  approximately  31  mm 
and  light  gray  wings  with  pale 
markings? 

  5.    Which  adult  has  a  wingspread  of 
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about  25  mm  and  gray  wings 
with  wavy  dark  bands  and  pale 
markings? 


829.  Associate  thret:  webbing  Lepidoptera  defoliators 
\%ith  their  descriptions. 


Webbing  Lepidoptera  Defoliators.  Many  important 
pests  of  ornamentals  construct  webbed  tents  on  limbs  and 
branches  of  host  trees.  Others  enclose  thiemselves  in  rolled 
leaves  or  leaves  tied  and  webbed  together.  The  large  ugly 
webs,  or  rolled  and  tied  leaves,  combined  with  the  stripping 
of  foliage  by  the  crterpillars,  adds  to  the  unsightly  appearance 
of  damaged  trees. 

Fall  webworm.  The  fall  webworm  is  a  moth  belonging  to 
the  order  Lepidoptera,  It  is  only  important  as  an  ornamental 
pest  in  its  larval  stage,  as  is  the  case  of  all  Lepidopteras,  It 
feeds  on  shade  and  fruit  trees  and  is  most  abundant  in  the 
westem  region  of  the  United  States,  but  is  also  found 
westward  to  the  Rocky  Mountains,  An  unusual  characteristic 
of  fall  webworms  is  the  forming  of  a  thin  white  web  that 
encloses  the  tips  of  branches  on  which  the  worm  is  feeding. 
As  they  grow  and  eat  the  foliage  within  the  web,  they  extend 
the  web  to  cover  more  leaves.  Remember  this  characteristic 
especially,  because  you  must  detect  the  presence  of  fall 
webworms  when  you  make  surveys. 

The  larvae  are  about  28  mm  long  and  pale  yellowish  or 
greenish.  They  have  a  longitudinal  greyish  stripe  down  the 
center  of  their  backs,  a  yellow  strip  along  each  side,  and  are 
black  and  orange  spotted.  The  adults  have  pure  white  v/ings 
that  may  be  spotted  with  black  at  times.  The  wingspread  of 
these  adults  is  approximately  25  mm. 

Fall  webworms  spend  the  winter  as  pupae  in  a  thin  cocoon 
on  the  ground.  They  emerge  as  adults  in  late  spring  and  lay 
their  eggs  in  masses  of  up  to  500  on  the  bottom  of  leaves.  The 
eggs  hatch  in  about  10  days  and  the  larvae  start  to  feed,  eating 
the  entire  leaves. 

Eastern  tent  caterpillar.  The  eastern  tent  caterpillar  is  a 
moth  that  eats  entire  leaves  of  shade  and  fruit  trees.  Found 
from  the  Rocky  Mountains  eastward,  these  insects  build 
webs  in  the  forks  of  main  branches  in  a  tree.  Unlike  the  fall 
webworms,  these  webs  don't  enclose  leaves;  they  serve  only 
as  protective  living  areas.  The  larvae  must  leave  the  web  to 
feed.  The  caterpillar  is  about  5  cm  long  and  black  with  a  white 
longitudinal  stripe  on  its  back.  On  each  side  of  the  stripe  is  a 
row  of  alternating  pale  blue  and  velvety  black  spots.  It  is 
sparsely  covered  with  light-brown  hairs. 

The  adult  is  robust  and  has  a  reddish-brown  body  and 
wings.  The  forcwings  have  two  whitish  lines  crossing  them. 
The  male's  wingspread  is  about  3,2  cm,  while  the  female's  is 
only  about  12.5  mm.  The  adults  appear  in  early  summer  and 
lay  as  many  as  300  eggs  in  wide  bands  around  small  twigs  of 
trees,  A  sticky  substance  deposited  over  the  eggs  hardens 
and  attaches  them  to  the  twig.  The  larvae  hatch  and 
overwinter  within  the  case,  emerging  in  early  spring.  At 
first,  the  larvae  feed  on  the  eggs'  covering  material,  and  then 
they  spin  the  web. 

Spruce  bud  worm.  This  moth  larva  is  probably  the  most 
destructive  leaf  roller  and  tier  in  the  United  States,  It  is  a 
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serious  pest  of  spruce,  balsam  fir,  and  pondcrosa  pine.  The 
larvae  feed  first  by  boring  within  old  needles  and  then  tunnels 
into  openi'^g  buds.  They  later  tie  the  tips  of  twigs  together, 
forming  a  nest,  and  when  they  are  full  grown,  they  spin  loose 
cocoons  in  the  nest  or  on  a  twig,  where  pupation  occurs.  The 
adults  are  active  in  the  summer  and  lay  their  eggs  on  foliage. 
The  eggs  hatch  and  ^hc  young  larvae  spin  protective 
coverings  under  the  bark  scales  to  overwinter  The  larvae 
then  become  active  in  the  spring,  feeding  on  opening  buds. 
The  adults  are  attractively  striped  or  spotted  in  brown  or 
grays.  Resting,  they  appear  to  be  bell  shaped  because  of  the 
way  the  wings  are  folded  across  their  backs.  The  moths 
seldom  exceed  25  mm  in  wingspread.  The  larvae  are 
greenish  and  have  sparse  hairs  protniding  from  tiny  raised 
areas  on  their  bodies. 


Exercises  (829): 

To  which  pest  does  each  description  refer? 

1 ,    It  eats  entire  leaves  of  shade  and  fruit  trees.  These  insects 

constn-ct  webs  in  the  forks  of  main  branches  in  a  tree. 

The  web  does  not  enclose  leaves  and  serves  only  as  a 

protective  living  area. 


2,  Is  only  important  as  an  ornamental  pest  in  its  larval 
stage.  It  feeds  upon  shade  and  fruit  trees.  The  white  web 
encloses  the  tips  of  branches  that  are  being  fed  upon. 


3.  It  is  a  serious  pest  of  spruce,  balsam  fir,  and  ponderosa 
pine.  The  larvae  feed  first  by  boring  within  old  needles 
and  then  tunneling  into  the  opening  bud.  The  adults  are 
active  in  the  summer  and  lay  their  eggs  on  foliage. 


830.  Confirm  or  correct  statements  about  bagworm  and 
cutworm  characteristics,  habits,  and  habitat. 

Miscellaneous  Lepidoptera  Defoliators.  The  most 
common  of  the  other  arthropods  that  eat  leaves  and  needles 
of  ornamentals  are  the  bagworms  and  cutworms. 

Bagworms.  The  bagworm  caterpillar  lives  in  a  silken 
cocoonlike  bag,  approximately  5  cm  long,  attached  to  the 
stems  and  twigs  of  the  host  plant.  It  is  principally  a  pest  of 
shade  trees,  shrubs,  and  hedges,  although  it  attacks 
evergreens  of  all  kinds,  especially  junipers,  cedars,  and 
arborvitae.  Affected  plants  may  be  partially-to-totally 
defoliated.  The  bag  is  usually  recognizable  by  the  bits  of 
leaves  and  debris  stuck  to  it. 

Cutworms.  Cutworms  are  smooth,  plump  caterpillars, 
gray  or  brownish,  and  2.5  to  5.0  cm  long  when  full  grown. 
They  are  seldom  seen  because  they  usually  remain  hidden 
under  clods  of  earth  or  in  the  topsoil  by  day.  In  Ihe  evening, 
cutworms  emerge  to  feed  on  foliage,  buds,  green  fniits,  and 
succulent  growth  of  ornamentals.  Heavy  infestations  cause 
severe  damage,  and  at  times,  young  plants  may  be  killed. 


Exercises  (830): 

Mark  each  statement  true  (T)  or  false  (F)  and  correct  the  false 
ones. 

  I.     Other  than  **common''  and  **webbing''  types, 

the  most  common  Lepidoptera  defoliators  arc 
bagworms  and  cutworms. 


2.  The  cutworm  is  a  caterpillar  that  lives  in  a  silken 
cocoonlike  bag  with  bits  of  leaves  and  twigs 
stuck  to  it. 


3.  The  bagworm  is  principally  a  pest  of  shade  trees, 
shrubs,  and  hedges  although  it  attacks  evergreens 
of  all  kinds. 


4.  Bagworms  are  smooth,  plump  caterpillars,  gray 
or  brownish,  and  full-grown  ones  are  2.5  to  5.0 
cm  long. 


5.  Cutworms  are  seldom  seen  because  they  usually 
remain  hidden  under  clods  of  earth  or  in  the 
topsoil  by  day. 


831.  Identify  descriptive  statements  with  the  elm  leaf 
beetle,  Japanese  beetle,  or  both* 


Japanese  beetle.  This  beetle  is  distributed  from  Maine  to 
Florida  and  eastward  to  the  Mississippi  River,  although  it  is 
most  abundant  in  Connecticut,  New  York,  New  Jersey, 
Delaware,  Pennsyi  a,  and  Maryland.  It  feeds  on  the 
foliage  of  many  types  of  plants  as  an  adult.  It  also  feeds  on  the 
roots  of  many  plants  in  the  larval  stage.  The  adults  appear  in 
June  and  lay  their  eggs  in  the  ground.  Upon  hatching,  the 
larvae  (grubs)  feed  on  decaying  vegetation  and  living  plant 
roots.  As  the  weather  gets  cooler,  the  larvae  burrow  deeper 
into  the  ground  and  overwinter.  As  the  weather  warms,  they 
begin  to  work  themselves  closer  to  the  surface  to  pupate  in 
May.  The  adults  are  about  12.5  mm  long  and  bronzy  green. 
The  elytra  are  brown.  There  are  six  white  spots  along  each 
side  of  the  abdomen. 


Exercises  (831): 

To  which  skeletonizing  defoliator  beetle  does  each  statement 
refer  (elm  leaf,  Japanese,  or  both)? 

 1.    Their  preferred  food  is  the  elm 

tree. 

  2.    Both  the  adult  and  larval  stage  feed 

on  the  leaves. 

 3.    The  adult  is  about  6  mm  long,  dull 

yellow,  and  has  black  spots  on  the 
head  nnd  pronotum. 

  4.    Heavy  feeding  by  either  the  adults 

or  larvae  causes  a  distinct  brown  or 
gray  appearance  of  the  trees  attacked. 

 5.    The  adult  feeds  on  foliage  of  many 

plants,  and  larvae  feed  on  the  roots 
of  many  plants. 

 6.    The  adults  appear  in  June  and  lay 

their  eggs  in  the  ground. 

 -    7.    The  adults  are  about  12.5  mm  long 

and  bronzy  green. 


Skeletonizing  Defoliators.  Leaf  beetles,  as  the  name 
implies,  feed  on  the  leaves  of  plants  as  adults  or  larvae  or 
both.  The  adults  are  characterized  by  a  great  variation  in 
coloration  and  markings;  they  are  spotted,  striped,  or 
patterned  in  brightly  contrasting  colors.  The  larvae  are 
usually  soft  bodied  and  sometimes  highly  pigmented.  The 
feeding  pattern  of  the  adults  often  ''skeletonizes"  the  leaves. 
The  larvae  and  adults  eat  the  upper  and  lower  epidermal 
layers  of  the  leaf,  leaving  only  the  veins  and  cross  veins 
untouched.  Heavy  feeding  by  either  adults  or  larvae  causes  a 
distinct  brown  or  gray  appearance  of  the  trees  attacked. 

Elm  leaf  beetle.  This  beetle  can  be  found  in  almost  every 
region  of  the  United  States,  but  it's  most  commonly  found  in 
the  New  England  and  Mid-Atlantic  States.  As  its  name 
indicates,  its  preferred  food  is  the  elm  tree.  Both  the  adult  and 
larval  stages  feed  on  the  leaves.  The  adults  eat  irregularly 
shaped  holes  in  the  leaves  in  early  spring,  while  the  larvae 
feed  on  the  leaves'  undersurface,  leaving  the  upper  epidermis 
unbroken  in  the  summer.  The  adult  beetle  is  about  6  mm 
long,  dull  yellow  with  black  spots  on  the  head  and  pronotum. 
It  has  a  black  band  near  the  outside  of  each  elytron  (wing 
cover)  and  a  short  streak  at  the  base  of  each  elytron. 


832.  Associate  four  mining  defoliators  with  their  physical 
descriptions,  habits,  and  food* 


Mining  Defoliators.  Leaf-mining  insects  eat  the  tissues 
between  the  upper  and  lower  surfaces  of  leaves  and  needles. 
On  deciduous  trees,  miners  make  blotchlike  or  irregular 
serpentine  mines,  thus  producing  brown  patches  or  blotches 
on  leaves.  When  they're  ni  merous,  they  kill  the  leaves  and 
thus  disfigure  the  plant  or  tree.  On  conifers,  the  needles  are 
hollowed  out,  and  the  dried,  mined  needles  have  a  scorched, 
sickly  appearance.  When  leaf  miners  are  numerous,  growth 
of  plants  and  trees  is  retarded,  and  at  times,  the  plants  and 
trees  may  be  killed. 

Holly  leafminen  Holly  leaf  miners  are  the  larval  stage  of 
a  small  dark  or  yellowish  fly.  The  maggots  are  less  than  4.7 
nun  long,  with  whitish,  cylindrical,  soft,  legless  bodies.  The 
head  is  indistinct  and  is  located  at  the  pointed  end  of  the  body. 
The  mouthparts  consist  of  a  single,  toothed  hooker  one  or 
two  parallel,  toothed  hooks.  The  pupae  hibernate  over  the 
winter  in  the  leaf  mines. 
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Arborvitae  leaf  miner.  The  arborvitae  leaf  miner  is  the 
larval  stage  of  a  small,  gray  moth  with  a  wingspread  of  only 
8.3  mm.  The  larvae  are  5  mm  long,  green  with  a  reddish  tinge 
and  black  head  and  short  bristles  across  the  black  head,  and 
short  bristles  across  the  back  of  each  segment.  The  larvae 
mine  the  terminal  leaves  by  eating  out  the  injide.  The  mined 
tips  turn  yellow  or  whitish,  and  finally,  brown,  and  they 
stand  out  prominently  against  the  normal  green  foliage.  In 
severe  cases,  all  the  foliage  is  mined,  and  the  shrubs  turn 
brown  all  over.  The  moths  emerge  in  May  and  June  and  lay 
their  eggs  in  late  June. 

Basswocd  leaf  miner.  The  basswood  leaf  miner  is  the 
larvp'  stage  of  a  small,  reddish-yellow,  wedgeshaped  beetle 
that  spends  the  winter  under  leaves  and  trash  of  the  tree.  It 
becomes  active  in  May,  skeletonizing  the  foliage.  Eggs  are 
laid  singly  in  feeding  areas  and  covered  with  excrement.  The 
larvae  start  feeding  into  the  leaves  in  single  mines;  tlisn 
several  join  together  in  a  common  mine.  Spiny  pupae  appear 
in  the  mines  in  August.  The  beetles  emerge  to  do  more 
feeding  before  hibernation  for  winter  begins. 

Birch  leaf  miner.  The  birch  leaf  miner  is  an  important 
sawfly.  It  was  first  discovered  in  Connecticut  in  1923.  It  is 
now  a  major  pest  of  birch  in  New  England,  New  York,  New 
Jersey,  Pennsylvania,  and  recently,  Oregon.  Infested  trees 
look  as  if  they  had  been  blighted  by  disease.  The  mature  larva 
is  6.2  to  12.5  mm  long,  rather  fiat,  and  whitish  with  black 
spots  on  the  underwide  of  the  thorax  and  first  abdominal 
segments.  This  miner  passes  the  winter  in  a  cell  in  the  soil. 
The  adult  is  a  1 , 5-mm  black  sawfly  that  emerges  in  the  spring 
about  the  time  leaves  are  half  open  and  lays  its  eggs  in  the  new 
leaves.  The  larvae  first  make  small,  gray,  kidney-shaped 
blotch  mines  in  the  leaf.  Gradually,  half  of  the  leaf  turns 
brown.  There  are  several  generations,  with  the  female 
sawflies  laying  eggs  always  in  the  newly  developing  leaves. 
Hence,  the  first  brood  is  the  worst,  when  all  the  leaves  are 
new.  The  later  broods  infest  mostly  ends  of  branches  of  water 
sprouts. 


Exercises  (832): 

To  which  mining  defoliator  does  each  statement  refer  (holly, 
arborvitae,  basswood,  or  birch)? 

  1 .    This  is  the  larval  stage  of  a  small, 

reddish-yellow  wedge-shaped  bee- 
tle that  spends  the  winter  under 
leaves  and  trash  of  the  tree. 

  2.    This  is  the  larval  stage  of  a  small, 

dark  or  yellowish  fly.  The  maggots 
are  less  than  4.7  mm  long,  with 
whitish,  cylindrical,  soft,  legless 
bodies. 

 3.    This  makes  infested  trees  look  as  if 

they  had  been  blighted  by  disease. 
The  mature  larva  is  6.ito  12.5  mm 
long,  rather  flat,  and  whitish,  with 
black  spots  on  the  underside  of  the 
thorax  and  first  abdominal  seg- 
ments. 

  4.    This  is  thQ  larval  stage  of  a  small, 

gray  moth  with  a  wingspread  of 
only  8.3  mm. 


833.  Cite  measures  yeu  can  take  to  control  ornamental 
defoliators. 


Control  of  Ornamental  Defoliators.  Common  Lepi- 
doptera  defoliators  and  skeletonizing  defoliators  are  easily 
controlled  with  insecticidal  sprays  and  dusts.  When  you  are 
controlling  these  pests  witli  insecticides,  always  make  sure 
that  the  insecticide  is  approved  for  your  intended  use. 

Leaf  and  needle  miners  often  are  hard  to  control  because 
they  are  between  the  layers  of  the  leaf.  Insecticidal  sprays  are 
effective,  but  it  takes  thorough  coverage  and  you  must  repeat 
the  treatment.  You  can  control  light  infestations  by  handpicking 
the  infested  needles  or  twigs. 

Insects  in  webbed  tents  and  in  rolled  and  tied  leaves 
usually  can  be  controlled  by  the  insecticidal  sprays 
recommended  for  general  defoliators.  Mechanical  methods 
also  are  useial  when  infestations  are  confined  to  individual 
trees  or  single  limbs  or  branches.  Destruction  of  wild  cherry 
trees,  a  preferred  host  of  the  eastern  tent  caterpillar,  is 
helpful  in  reducing  the  populations  of  this  pest.  Tents  on 
other  trees  can  be  pruned  off  and  destroyed  or,  on  occasion, 
burned  in  place.  Removal  and  destruction  of  rolled  and  tied 
leaves  is  also  effective  in  controlling  light  infestations  on 
individual  ornamentals.  Bagworms  are  readily  controlled  by 
handpicking  bags  from  affected  hosts.  If  handpicking  is  not 
feasible,  you  can  control  them  with  insecticidal  sprays,  but 
only  in  the  spring  and  early  summer  months,  when  they  are 
feeding. 

Exercises  (833): 

1.    What  insecticidal  formulations  are  most  suitable  for 
controlling  defoliators? 


2.    Why  are  leaf  and  needle  miners  often  hard  to  control? 


3 .    What  is  the  easiest  control  for  bagworms? 


834.  Confirm  or  correct  statements  about  the  impor- 
tance, description,  and  control  of  bark  beetles. 


Bark  Beetles.  Bark  beetles  and  engravers  are  major  pests 
of  coniferous  trees  in  forested  areas.  Forest  trees  serve  as  the 
breeding  place  for  most  species.  Ornamentals  that  are  usually 
forest  trees  but  are  growing  under  unnatural  conditions  often 
are  attacked  and  killed.  For  the  most  part,  both  adults  and  larvae 
live  in  the  bark  or  wood  of  trees.  Many  species  confine  their 
attack  to  pines,  although  other  conifers  and  hardwoods  often 
are  affected- 

Bark  beetles  and  engravers  are  small,  black  or  dark 
brown,  cylindrical  beetles.  They  are  usually  less  than  6.2 


EKLC 


mm  long.  The  larvae  are  small  soft»  white  or  yellowish- 
white,  legless,  and  strongly  curved  grubs.  Most  species  are 
found  between  the  bark  and  the  wood  along  the  stem  of  the 
trees.  Some  bark  beetles,  however,  feed  entirely  in  the  corky 
layer  of  outer  bark.  You  can  recognize  all  of  the  bark  beetles 
and  engravers  by  the  characteristic  pattern  of  winding 
galleries  constructed  by  adults  or  larvae  in  the  cambium 
tissues  beneath  the  bark.  The  engravers,  as  xite  name  implies, 
etch  the  wood  beneath  the  bark  in  the  construction  of  their 
galle-ies.  Bark  beetles  don't  score  the  wood.  Attacked  trees 
are  quickly  killed  and  foliage  soon  turns  a  sickly  yellow,  red, 
and  brown  and  anally  liie  needles  fall  to  the  ground. 

Control  of  bark  beetles  and  engravers  is  primarily 
prevention  because  attacked  trees  usually  are  quickly  killed 
and  cannot  be  saved.  Individual  trees  can  be  protected  against 
attack  by  spraying  bark  surface  of  stems  with  an  approved 
insecticidal  emulsion.  Tkiees  damaged  through  neglect  and 
carelessness  are  highly  attractive  to  bark  beetles  and 
engravers.  Measures  taken  to  avoid  this  damage  will 
decrease  the  probability  of  attack  by  bark  beetles  and 
engravers.  Cutting  and  destroying  trees  previously  killed  by 
bark  beetles  will  also  lessen  the  possibility  of  attack  of 
surrounding  shade  trees. 


Exercises  (834): 

Mark  each  statement  true  (T)  or  false  (F)  and  correct  any 
false  ones. 

  1 ,     Bark  beetles  and  engravers  are  major  pests  of 

coniferous  trees  in  forested  areas. 


2.  Bark  beetles  and  engravers  are  small,  black  or 
brown,  cylindrical  beetles,  usually  less  than  2.6 
mm  long. 


Ornamental  Borer  Damage.  The  larvae  of  some  beetles 
and  moths  are  borers  in  the  woody  tissue  of  ornamentals.  They 
are  a  constant  and  serious  threat  to  a  wide  variety  of  ornamentals 
and  shade  trees,  especially  dogwood,  lilac,  apple,  ash,  birch, 
rhododendron,  pine,  locust,  maple,  sweetgum,  and  oaks.  Since 
infestations  usually  start  in  weakened  trees,  their  damage  often 
goes  unnoticed  until  serious  injury  develops.  Injury  is  caused  by 
larvae  tunneling  under  barkand  into  the  wood.  Some  confine 
their  attack  to  the  sapwood  of  the  trunks,  decreasing  the  vigor 
of  the  host  plant  and  causing  foliage  to  wilt.  Others  bore  into  the 
heartwood.  Still  others  bore  into  hollow  branches  and  twigs. 
Wilting  leaves  on  individual  branches  or  twigs  are  suggestive 
of  their  work.  The  twigs  or  branches  eventually  die  and  are 
broken  by  the  wind.  Dangling  dead  branches  become 
conspicuous.  Close  examination  of  trees  attacked  bj  borers 
usually  reveals  fine  boring  dust  being  pushed  from  the  holes 
by  the  larvae  as  they  extend  their  tunnels.  Severe  infestations 
may  result  in  the  girdling  and  eventual  death  of  the  tree. 

Control.  Since  the  larvae  are  well  protected  within  the  bark 
and  wood,  control  of  borers  is  very  difficult.  There  are, 
however,  a  number  of  remedial  measures  that  you  can  take. 
Since  infestations  usually  start  in  weakened  trees,  cultural 
methods  of  control  are  often  effective.  Application  of 
fertilizers  monthly  and  frequent  watering  of  weakened  or 
newly  transplanted  trees  will  increase  plant  vigor  and  help 
them  to  overcome  attacks  to  seme  extent.  Wrapping  the 
trunks  of  newly  transplanted  trees  with  paper  or  burlap  will 
lessen  the  chance  of  attack.  In  the  early  spring,  pruning  and 
burning  the  dying  or  unthrifty  twigs  or  branches  containing 
borers  will  reduce  infestations.  Preventing  careless  damage 
to  the  bark  will  help  lessen  the  chance  of  attack  by  borers. 

Borers  in  the  wood  or  bark  can  be  killed  by  injecting 
carbon  disulfide,  paradichlorobenzene,  or  benzene  hexa- 
chloride  paste  into  the  tunnels  and  sealing  the  openings  with 
putty.  Overwintering  borers  living  just  beneath  the  bark  of 
infested  trees  can  be  killed  by  applying  such  an  insecticidal 
residual  as  a  bark  wash  in  the  spring. 


3,     Bark  beetles  score  the  wood. 


4.     The  engravers  etch  the  wood  beneath  the  bark  in 
the  construction  of  their  galleries. 


5,  Individual  trees  can  be  protected  against  attack 
by  spraying  bark  surface  of  stems  with  an 
approved  insecticidal  emulsion. 


6.     Attacked  trees  are  quickly  killed. 


Exercises  (835): 

1 .  The  larvae  of  some  beetles  and  moths  are  in 

the  woody  tissue  of  ornamentals. 

2.  Injury   is   caused  by  larvae  

 and  into  the  

3.  Close  examination  of  trees  attacked  by  borers  usually 

reveals  being  pushed 

from  the  holes  by  the    as  they  extend  their 

4.  Wrapping  the  trunks  of  newly  transplanted  trees  with 
  or    will  lessen  the  chance  of 


5 ,    Borers  within  the  wood  or  bark  can  be  killed  by  injecting 

   ,   ,  or  

  paste  into  the    and  sealing  the 

openings  with  


835.  State  what  damage  borers  do  and  how  we  control       836.  Identify  damage,  descriptive  characteristics,  and 

control  measures  for  ornamental  sapsuckers. 
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Ornamental  Sapsuckers.  Many  insects  and  bome  other 
arthropods  feed  only  on  plant  sap.  Spotting,  discoloration, 
malformation,  and  general  devitalization  of  the  foliage, 
twigs,  or  other  plant  parts  are  caused  by  insects  and  mites  that 
have  mouthparts  adapted  for  piercing  plants  and  extracting 
sap.  Solid  parts  of  the  plants  are  never  eaten.  The  injury 
consists  of  enlarged  growth  (galls):  foliage  disturbances, 
such  as  bleaching  oi  yellowing:  or  dcfonnations,  such  as 
curling.  All  parte  of  all  plant  species  are  subject  to  attack  by 
these  pests,  but  usually  a  given  species  infests  only  a 
particular  plant  part.  Most  sapsucking  insects  belong  to  the 
orders  Hemiptera  and  Homoptera,  but  some  are  mites  (class 
Arachnida)  and  many  of  the  gall  formers  are  wasps 
(Hymenoptera)  and  flies  (Diptera). 

Aphids.  Aphids  are  sapsucking  insects  that  cause  a  general 
devitalization  of  the  part  of  the  plant.  When  feeding  is  intense 
and  continuous,  branch  killing  and  even  tree  killing  results. 
Aphids  commonly  produce  large  quantities  of  honeydew; 
sometimes  during  heavy  infestations,  the  excreted  liquid  may 
appear  as  mist  falling  from  the  tree.  This  honeydew  often 
spots  or  forms  a  glistening  coat  on  the  leaves  and  on  cars  and 
other  objects  located  below.  Various  insects  use  honeydew 
for  food.  Some  sp>ecies  of  ants  also  care  for  and  protect  tlie 
aphids,  even  moving  them  to  new  feeding  areas  in  a  mutually 
beneficial  relationship. 

The  adult  aphids  are  small  insects,  0.8  to  6.2  mm  long, 
with  delicate,  soft,  globular-  to  pear-shaped  bodies  that  are 
yellow,  red,  green,  gray,  blue,  or  black.  The  adults  have  both 
winged  and  wingless  forms;  the  winged  forms  have  two  pairs 
of  delicate  membranous  wings  that  are  usually  held  rooflike 
over  the  body.  There  are  tliree  pairs  of  long,  slender,  thoracic 
legs  with  two-segmented  tarsi.  The  antennae  are  prominent 
and  threadlike,  with  three  to  six  segments.  The  beak  appears 
to  arise  from  between  the  front  legs.  The  nymphs  resemble 
adults  in  most  characteristics  except  that  they  are  smaller  in 
size,  always  lack  wings,  and  arc  sexually  immature. 

The  life  cycle  of  some  aphids  is  simple,  while  others  have 
a  complex  development.  They  pass  the  winter  as  eggs  on  the 
primary  host  plant.  The  eggs  hatch  in  the  spring  to  produce 
nymphs,  which  all  mature  as  wingless  females.  They 
reproduce  without  mating  (parthenogenesis),  and  some 
(Aphididae)  give  birth  to  living  young  (viviparous),  whereas 
others  (Adelgidae)  always  lay  eggs  (oviparous).  Several 
additional,  similarly  produced,  asexual,  wingless  generations 
may  be  produced  on  the  primary  host  before  a  winged 
asexual  generation  develops.  These  migrate  to  the  secondary 
host  plant,  where  wingless  females  are  produced  again  for  a 
number  of  generations.  A  second,  winged,  migrating 
generation,  consisting  solely  of  females,  develops  later  in  the 
year,  and  these  return  to  the  primary  host  plant.  A  bisexual 
generation  then  develops.  These  mate,  and  each  female  lays 
one  overwintering  egg.  You  can  use  pesticides  such  as 
malathion  and  dimethoate  to  control  aphids. 

Scale  insects.  Scale  insects  are  so  called  because  many 
species  secrete  a  scalelike  wax  coating  over  their  backs,  and 
others  resemble  bark  scales.  These  insects  cause  general 
devitalization  and  death  of  the  infested  parts  by  extracting 
plant  sap  and  by  injecting  toxic  saliva  into  the  host  plant 
tissue.  Different  species  attack  different  parts  of  the  hosts, 
but  most  infest  the  twigs  and  smaller  branches.  The  soft 
scales  frequently  pnxiuce  large  amounts  of  honeydew,  which 


attracts  nectar-tecding  insocts.  The  honeydew  that  is  not  used 
falls  on  the  leaves,  twigs,  and  branches  below,  where  it  forms 
a  medium  for  black  sooty  molds.  Only  a  few  species  are 
troublesome  forc.st  pests,  Dut  many  injure  shrubs  and  shade 
and  ornamental  trees.  A  few  species  produce  useful 
products,  such  as  shellac;  and  in  past  times,  some  scale 
insects  were  the  sole  source  of  certain  brilliant  dyes. 

The  adult  female  body  may  be  flattened,  globular, 
hemispherical,  saclikc,  elongated,  or  circular.  Sometimes  it 
IS  covered  with  wax  in  the  form  of  powder,  cottony  masses, 
or  a  continuous  scaleiike  layer.  The  females  are  always 
wingless,  and  the  legs,  antennae,  and  compound  eyes  are 
reduced  or  absent.  Most  species  are  sedentary  and  cannot 
move  from  the  place  where  they  settle  after  the  crawler  stage. 
The  males,  though  seldom  observed,  usually  have  a  pair  of 
membranous  wings.  The  legs  are  well  developed,  the 
antennae  are  long,  with  6  to  13  segments,  and  the  beak  is 
absent.  The  nymphs  of  the  first  instar  (crawlers)  of  both  sexes 
have  legs,  antennae,  and  functional  mouthparts,  and  they  are 
mobile;  other  nymphal  instars  of  both  sexes  are  scalelike, 
witli  male  scales  being  smaller  and  often  more  elongated. 
Most  species  lay  eggs,  but  a  few  are  viviparous.  The  crawlers 
disperse  to  new  places  on  the  same  host  plant  or  get  carried  to 
new  host  plants  by  wind,  birds,  or  other  animals.  There.may 
be  one  to  three  additional  instars  and  one  to  six  generations 
per  year,  depending  on  the  species  and  the  length  of  the 
summer  season.  Insecticides  are  seldom  used  for  protecting 
forest  trees  but  commonly  are  used  on  shrubs  and  shade  trees. 
Mineral  oils  (3  percent  emulsions)  can  be  used  as  dormant 
sprays  on  most  decidous  trees  except  walnut,  beech,  and 
sugar  maple,  which  are  injured  by  oils.  Since  the  heavy, 
dormant  oil  sprays  also  may  injure  evergreens,  we  use  only 
the  lighter,  milder,  summer  oil  emulsions.  Apply  dormant 
oils  in  the  early  spring,  before  the  buds  begin  to  expand,  but 
be  sure  the  temperature  won't  drop  below  freezing  for  at  least 
24  hours. 

Mealybugs.  Mealybugs  are  closely  related  to  the  scale 
insects.  They  are  small  and  are  covered  with  a  soft,  fine, 
white,  granular  material  that  forms  long,  cottony  threads 
over  the  body.  Mealybugs  damage  hosts  by  sucking  juices 
from  plants  much  as  scale  insects  do.  They  can  be  controlled 
effectively  with  malathion  the  same  way  you  treat  for  aphids. 

Spider  mites.  Spider  mites  are  minute,  reddish  or 
yellowish  spiderlike  arthropods  barely  visible  to  the  naked 
eye.  Their  bodies  are  rounded,  shiny,  and  covered  with  fine 
hairs.  Spider  mites  infest  most  ornamental  plants  and  many 
shade  trees.  They  feed  by  sucking  juices  from  the  underside 
of  leaves  and  tender  parts  of  plants.  The  result  of  their 
feeding  is  a  stippled  appearance  of  the  foliage,  which  later 
discolors  and  dies.  The  lower  surfaces  of  leaves  on  infested 
plants  have  a  residue  of  cast  skins,  eggs,  and  webbings. 
Spider  mites  can  be  controlled  to  some  extent  by  destroying 
weeds  and  brush  adjacent  to  oman:ental  plants.  Chemical 
controls  would  be  the  same  as  for  aphids  and  mealybugs. 

l^aftioppers.  Leafhoppers  are  very  small,  slender, 
delicate  insects.  The  adults  are  colored  variously  and  hold 
their  wings  over  the  back  like  a  tent.  They  are  very  active  and 
hop  a  considerable  distance  when  they're  disturbed, 
Leafhoppers  attack  a  wide  variety  of  grasses,  shrubs,  and 
shade  trees  in  various  ways.  Sucking  the  plant  juices  withers 
and  curls  the  leaves,  kills  tender  tips ,  and  turns  the  leaf  edges 


brown.  Some  species  transmit  plant  diseases,  more  so  to 
cultivated  crops  than  to  ornamental  and  shade  trees. 
Controlling  leafhoppers  involves  the  same  measures  as  for 
aphids. 

Spittlebugs.  Adult  spittlebugs  resemble  leafhoppers  in 
appearance,  but  they  are  heavier  bodied.  The  name  is 
commonly  applied  to  the  nymphs,  which  secrete  a  frothy 
protective  foam  around  themselves,  Spittlebugs  are  pests  of 
ornamentals  and  conifers.  Some  species  have  alternate  hosts 
in  nymphal  and  adult  forms.  They  suck  large  quantities  of  sap 
from  plants  and  leave  numerous  small  pinholes  in  phloem 
and  bark  tissues.  Needles  of  heavi'y  infested  trees  turn 
brown,  and  twigs  and  branches  arc  killed.  In  severe 
infestations,  hosts  may  be  killed  in  2  to  3  years.  You  can 
control  spittlebugs  effectively  with  malathion.  Make  sure 
you  cover  the  foliage  thoroughly,  including  the  undersides, 

Lacebugs.  Lacebugs  are  small,  rectangular  insects  with 
an  expanded  prothorax  extended  and  rounded,  resembling  a 
hood.  The  outer  pair  of  wings  are  strongly  veined  and 
lacelike  and  are  held  flat  over  the  back.  The  nymphs  are 
frequently  covered  with  spines.  Lacebugs  attack  many 
shrubs  and  shade  trees.  The  adults  and  nymphs  feed  by 
sucking  juices  from  their  hosts,  usually  from  the 
undersurfacc  of  leaves.  Damaged  leaves  have  a  spotted, 
grayish  appearance  on  top  and  a  black,  shiny,  vamishlike 
excrement  and  cast  skins  on  the  undersides.  Severe 
infestations  cause  leaves  to  turn  brown  and  finally  to  drop. 
Lacebugs  can  be  controlled  effectively  the  same  way  we 
control  aphids. 

Thrips.  Thrips  are  very  small  insects  varying  in  size  from 
less  than  1.0  to  1.6  mm  in  length.  They  are  slender  and 
usually  are  blackish,  biovvpish,  or  yellowish.  Most 
flowering  plants  and  shrubs  are  subject  to  attack  by  thrips. 
They  feed  on  the  tissue  of  the  foliage,  buds,  flowers,  and 
bulbs  by  puncturing  the  surface  and  sucking  juices  from  the 
part  attacked.  Buds  may  fail  to  open.  Flowers  may  be 
deformed,  blotched,  or  streaked.  Foliage  loses  its  rich 
colors  and  develops  a  characteristic  yellowish  or  silvery 
appearance,  and  since  it  doesn't  drop  prematurely,  the 
off-color  appearance  generally  lasts  until  the  end  of  the 
season.  Some  thrip  species  also  carry  virus  diseases  of 
flowering  plants.  Thrip  control  is  difficult  because  the  tiny 
insects  hide  in  the  sheaths  of  leaves  and  flower  stems  as  well 
as  within  the  flowers  themselves.  It  is  hard  to  reach  them  with 
sprays,  often  taking  several  applications. 


4,  How  do  scale  insects  damage  infested  plants'? 


,5.  Give  the  identifying  characteristics  of  scale  insects  in 
terms  of: 
a.  Body  shape. 


b.  Outer  covering. 


c.  Female  characteristics. 


d,  Male  characteristics. 


6,  When  should  you  apply  dormant  oils  to  plants  for 
controlling  scale  insects? 


7,  What  are  the  physical  characteristics  of  mealybugs? 


8,  What  physical  characteristics  do  spider  mites  have? 


9,  How  do  spider  mites  damage  plants  as  they  feed? 


10,  What  types  of  vegetation  are  attacked  hv  leafhoppers? 


1 1 .  How  do  spittlebugs  damage  ornamentals  and  conifers? 


12.  How  should  you  insure  effective  chemical  control  of 
spittlebugs? 


Exercises  (836): 
1.  What  general  types  of  plant  damage  are  caused  by 
insects  and  mites  that  act  as  ornamental  sapsuckers? 


13.  What  damage  to  leaves  is  caused  by  lacebugs? 


2.  What  size,  shape,  and  color  are  aphids? 


14.  Spider  mites,  leafhoppers,  and  lacebugs  are  controlled 
in  the  same  ways  as  for  


3.  What  pesticides  can  you  use  to  control  aphids? 


15,  What  are  thrips'  identifying  characteristics,  and  what 
kinds  of  plants  do  they  attack? 
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16.  Why  are  several  pestieide  applications  often  needed  to 
control  thrips? 


837.  Cite  survey  and  control  methods  for  ornamental 
pests. 

Ornamental  Pest  Survey  and  Control.  The  first  essen- 
tial for  effective  insect  pest  control  is  vigilance  and  an  interest 
in  looking  for  insects  and  signs  of  their  damage.  To  detect 
insects  before  they  seriously  damage  valuable  trees  and 
shrubs,  you  should  carefully  examine  the  plants  at  least  once 
a  week  during  the  growing  season.  Examine  deciduous  trees 
in  winter  also,  when  you  can  see  scale  insects  more  easily. 
You  must  identify  the  pests  and  the  host  plants,  then  select 
your  insecticides,  prepare  he  right  dosages,  decide  on  the 
proper  application,  and  select  your  equipment.  Insecticide 
selection  usually  follows  three  basic  rules.  Use  a  stomach 
insecticide  for  pests  with  chewing  mouthparts;  use  a  contact 
insecticide  for  those  with  sucking  mouthparts;  and  use  a 
fiimigant  for  lar/ae,  such  as  wood  borers.  To  simplify 
instructions  and  avoid  complicated  storage  problems,  select 
the  lowest  feasible  number  consistent  with  effective  results. 

Insecticides  that  destroy  pests  effectively  arc,  with  few 
exceptions,  toxic  to  humans.  This  is  also  true  of  most  of  the 
solvents  used  to  prepare  them.  No  serious  effects  will 
normally  result  to  control  operators  or  to  human  and  animal 
populations  in  the  treated  environment  if  you  follow  the 
mixing  and  application  instructions  on  the  product  labels  and 
apply  insecticides  only  under  the  direct  supervision  of  trained 
and  certified  personnel  as  required  by  Department  of 
Defense  directives.  Since  injury  may  occur  when  plants  are 
sprayed  under  improper  conditions,  apply  dormant  oil  sprays 
only  from  January  1  until  buds  swell  in  the  spring — never  in 
the  fall.  Don't  apply  them  during  sudden  drops  of 
temperature  to  below  freezing.  It's  a  good  rule  to  apply  them 
only  when  the  temperature  is  above  40°  F.  Don't  apply  them 
on  maples,  beeches,  walnuts,  or  Japanese  flowering  cherry 
trees  of  the  varieties  Yoshino,  Akebono,  and  Benihigan;  all 
are  sensitive  to  oil  injury.  Don't  spray  summer  oils  when  the 
temperature  is  above  86°  F,  particularly  under  high  humidity 
and  drought  conditions. 

Spraying  and  dusting  equipment  varies  in  size  and  type 
from  the  small  dusters  and  sprayers  suitable  for  a  few  small 
shrubs  to  large  mechanical  dusters,  hydraulic  sprayers,  mist 
blowers,  airplanes,  and  helicopters  that  are  used  on  large 
shade  trees  and  forested  areas.  Dusting  insecticides  in  some 
cases  may  be  less  troublesome,  but  it  is  effective  against 
fewer  insect  pests.  Sprays  and  mists  have  a  distinct  advantage 
over  dusts  in  that  the  loss  from  drift  is  less  because  they  stick 
to  plants. 

Hydraulic  sprayers  and  mist  blowers,  in  most  cases, 
complement  rather  than  replace  each  other.  Each  has  its 
particular  advantages  in  applying  spray  materials.  For 
example,  the  spray  hose  gives  the  hydraulic  sprayer  much 
more  maneuverability  for  spraying  in  congested  areas, 
around  plantings,  or  in  areas  inaccessible  to  heavy 
equipment.  The  mist  blower,  however,  has  the  advantage  in 


spraying  along  streets,  parkways,  and  open  areas  where 
there's  room  to  maneuver.  If  there's  room,  the  mist  blower 
can  spray  large  trees  more  rapidly  and  at  lower  cost  than  the 
hydraulic  sprayer,  but  wind  is  more  of  a  hindrance.  It  can 
only  spray  the  tops  of  tall  trees  satisfactorily  if  there  is  not 
much  wind.  You  need  more  skill  to  get  good  spray  coverage 
with  the  mist  blower,  because  of  the  wind  factor  and  the 
relatively  low  volume  and  higher  concentration  of  spray 
material  it  uses.  Separate  and  mark  all  spraying  equipment 
tliat  you  use  to  apply  herbicides,  including  hoses  and  nozzles. 
Do  not  use  this  equipment  for  spraying  insecticides  on  trees 
and  shrubs. 

When  yc'U  must  spray  where  cars  are  parked,  put  an 
announcement  in  the  official  bulletin  or  other  station 
publication  and  {X)st  proper  warning  signs  at  least  1  day 
before  the  spray  operation.  These  notices  should  give  the  car 
owners  ample  time  to  park  their  cars  elsewhere  during  the 
period  of  spraying. 

Tbees  and  shrubs  that  are  kept  healthy  are  less  likely  to  be 
seriously  damaged  by  insect  pests  than  those  that  suffer  from 
improper  pruning,  mowing,  cultivation,  lack  of  wate;,  low 
soil  fertility,  or  poor  soil  condition.  To  help  keep  trees  and 
shrubs  healthy,  we  must  take  preventive  measures  to  protect 
them  from  harmful  insect  pests.  In  the  forest,  these  losses  are 
usually  offset  by  the  growth  of  new  plants,  but  under 
cultivatec^,  conditions,  that  means  costly  replanting.  Careful 
selection  of  plant  materials  that  are  healthy,  vigorous,  and 
resistant  to  insect  attack,  as  well  as  sanitation  through  pruning 
and  burning  infested  wood,  are  essential  preventive 
measures.  It  is  important  to  develop  a  preventive  control 
program  for  the  area. 

Exercises  (837): 

Mark  each  statement  true  (T)  or  false  (F)  and  correct  any 
errors. 

  1 .     The  first  essential  for  effective  control  of  insect 

pests  is  vigilance  and  an  interest  in  looking  for 
insects  and  signs  of  their  damage. 


2.     Use  a  contact  insecticide  for  pests  with  sucking 
mouthparts. 


3 .     Use  a  stomach  insecticide  for  those  with  sucking 
mouthparts. 


4.     Use  a  fumigant  for  larvae,  such  as  wood  borers. 


5.     Do  not  apply  dormant  oil  sprays  in  the  fall. 
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6,  Hydraulic  sprayci*s  and  mist  blowers,  in  most 
cases,  complement  rather  than  replace  each 
other. 


7,  When  it  is  necessary  to  spray  in  areas  where  cars 
are  parked,  an  announcement  in  the  official 
bulletin  or  other  station  publication  should  be 
made  .^nd  proper  warning  signs  posted  at  least  1 
day  betbre  the  spray  operation. 


8,  Do  not  spray  summer  oils  when  the  temperature 
is  above  80°  F,  particularly  under  high  humidity 
and  drought  conditions. 


3-2.  Turf  Pests 

The  pests  in  this  section  include  various  insects,  snails, 
and  slugs.  The  grounds  on  Air  Force  installations  must  be  kept 
pleasing  to  the  eye  and  in  shape  to  prevent  rain  and  wind 
erosion.  You  must  be  able  to  recognize  the  effects  of  pests  on 
turf  and  grasses.  You  must  also  know  what  controls  will  keep 
turf  and  grass  free  from  these  pests. 


838.  Relate  given  soil  and  root  infesting  insects  with  their 
descriptions. 


Soil  and  Ro^t  Infesting  Insects.  Soil  and  root  infesting 
insects  include  grubs  (larvae)  of  many  beetles,  mole  crickets, 
wireworms,  billbugs,  and  ants.  This  lesson  will  describe 
these  pests  to  enable  you  in  recognizing  them  so  that  you  can 
implement  the  proper  controls. 

Grubs.  There  are  numerous  species  of  beetles  whose 
larvae,  or  grubs,  attack  the  roots  of  grasses  during  under- 
ground development.  They  are  whitish  to  grayish  and,  except 
for  the  larvae  of  the  green  June  beetle,  lie  curled. 

May  or  June  beetle  adults  are  12.5  to  18.8  mm  long, 
blackish-brown  beetles.  They  are  most  abundant  between  April 
and  mid-July,  depending  on  which  of  more  than  200  species 
they  may  be.  Grubs  of  some  species  stay  in  the  soil  2  or  3 
years.  They  remain  inactive  well  below  the  sod  during  the 
winters,  but  come  up  again  to  feed  upon  grass  roots  during 
warm  weather.  May  beetles  are  found  throughout  the  country. 

Japanese  beetle  grubs  are  about  25  nun  long  when  they 
mature.  They  feed  on  roots  of  grasses  and  of  various  other 
plants  from  August  through  October  and  again  in  April. 
Beetles  appear  in  May  or  June  and  stay  for  6  weeks  or  so. 
They're  well  known  for  their  destructive  mass  attacks  on 
berries,  orchard  fruits,  truck  and  garden  crops,  ornamentals, 
and  shade  trees.  They  occur  in  varying  numbers  ftom  southern 
Maine  southward  into  South  Carolina  and  westward  into  Ohio 
and  West  Virginia,  with  isolated  colonies  in  several  other  states 
westward  to  the  Mississippi  River.  The  spread  of  the  Japanese 
beetle  has  been  retarded  by  a  cooperative  Federal-State  regu- 
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latory  program  in  which  5  percent  of  the  area  of  the  United 
Slates  is  under  quarantine. 

The  body  of  the  f>rccn  June  beetle  is  almost  an  inch  long, 
slightly  flattened,  and  grey/green  with  yellow  edges.  It  is 
active  from  June  through  August.  The  larvu  is  distinctive;  it 
is  not  curled  and  it  crawls  on  its  back  while  searching  for 
decaying  organic  matter  on  which  it  lives.  Harmful  holes  in 
turf  and  little  mounds  of  earth  result  from  this  exploration. 
There  is  only  one  generation  per  year.  Green  June  beetles  are 
found  mostly  in  the  Southern  States,  but  frequently  as  far 
north  as  Long  Island, 

The  masked  chafer  beetle  is  12.5  mm  long,  brown,  and 
often  observed  around  lights  on  warm,  humid  evenings  from 
June  to  September.  Larvae  are  sometimes  called  annual  white 
grubs  because  the  life  cycle  is  completed  in  1  year.  They 
attack  the  roots  of  grass.  The  northern  masked  chafer  is  found 
from  Connecticut  south  to  Alabama  and  west  to  California. 
The  southern  masked  chafer  is  common  in  the  Southeastern 
States  and  is  found  in  Iowa  and  Illinois. 

The  adult  rose  chafer  is  12.5  mm  long,  yellowish  brown, 
and  has  long,  spiny  legs.  It  is  found  in  late  spring  or  early 
summer.  The  grub  is  about  18.8  mm  long  and  slightly  nanxDwer 
than  most  other  grubs  discussed  here.  There  is  one  generation 
per  year.  Turf  damage  by  this  species  is  generally  less  severe 
than  that  done  by  other  grubs,  but  it  may  be  bad  in  sandy  areas. 
Rose  chafers  are  found  in  the  Eastern  United  States  and  west 
to  Colorado  and  Texai. 

European  chafers  are  tan  to  chocolate-brown  beetles, 

12.5  mm  long,  that  appear  in  June  and  July.  Their  larvae, 
which  are  generally  similar  to  other  chafer  grubs,  complete 
their  development  in  1  year  and  are  serious  turf  pests  in  New 
York  State.  Isolated  infestations  have  been  found  in  Connecticut 
and  West  Virginia. 

Oriental  beetles  are  brondbodied,  spiny-legged  beetles, 

15.6  mm  long,  varied  in  coior  pattern,  but  usually  straw 
colored  with  some  dark  markings  on  the  body.  They  appear 
in  late  June  through  August .  These  larvae  are  hard  to  tell  from 
several  of  the  other  grubs.  The  life  cycle  is  usually  completed 
in  1  year,  but  the  grubs  may  pass  two  winters  in  the  soil.  They 
kill  lawn  grass  by  eating  off  the  roots  close  to  the  soil  surface. 
They  are  found  in  Connecticut,  southeastern  New  York,  and 
northern  New  Jersey. 

Adult  Asiatic  garden  beetles  are  only  9.4  mm  long, 
cinnamon  brown,  and  look  velvety.  The  underside  of  the 
body  is  covered  with  short  yellow  hairs.  They  are  active  only 
at  night,  and  are  troublesome  prevalent  from  mid-July  to  mid- 
August.  The  larvae  have  more  slender  bodies  than  most  of  the 
other  related  grubs.  They  usually  damage  the  roots  of  grass  in 
association  with  weeds  that  afford  some  shade. 

White-fringed  beetles  are  dark  grey  snout  beetles,  slightly 
less  than  12,5  mm  long,  with  pale  white  margins  on  the  wing 
covers  extending  along  the  prothorax.  The  beetles  are  found 
from  ear^'  May  to  October.  The  fiill-grown  la^^ae  are  about 
12.5mm  long,  yellowish  white,  and  almost  hairless.  They 
chew  away  the  lower  part  of  the  stem  and  taproot  of  many 
kinds  of  plants  and  may  sometimes  become  troublesome  in 
turf.  There  is  one  generation  per  year,  and  the  distribution 
is  currently  confined  to  the  Southeastern  States. 

The  rhinoceros  beetle  is  5  cm  long.  Its  larva  is  7.6  cm 
long.  It  is  a  pest  of  lawns  in  Florida,  where  it  is  found  during 
the  summer  and  fall. 
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Mole  Crickets.  Th.-^sc  peculiar  looking  cn?atii.os  are 
brownish,  sometimes  almost  olive  colored  insects  3.8  cm 
long  with  powerful  foreieg.s  adapted  for  digging.  They  make 
burrows  that  resemble  tiny  mole  tunnels  in  the  soil,  disturbing 
grass  seedlings  and  cutting  off  established  grass  mots.  There 
is  one  generation  per  year.  They  an^  most  numcmus  in  the 
South  Atlantic  and  Gulf  Coast  States  from  North  Carolina  to 
Texas, 

Wireworms.  The  adults  of  wircworms  are  slender  brown 
**click  beetles".  The  larvae,  or  wireworms  themselves,  may 
be  12.5  mm  to  3.8  cm  long  at  maturity  and  are  usually  hard, 
yellowish  brown,  smooth,  and  wormlike.  They  bore  into  the 
underground  parts  of  numerous  farm  cmps  and  other  plants. 
This  boring  into  and  feeding  in  grass  roots  and  stems  causes 
wither  g  and  death.  Wireworms  remain  in  the  soil  for  2  to 
6  years  while  developing,  moving  only  a  few  yards  during  this 
time.  Their  distribution  is  cosmopolitan,  but  they  are  most 
serious  in  arsas  of  high  rainfall  or  where  irrigation  is  practiced. 

Billbugs.  Adult  billbugs  are  various  colored  beetles,  5.0 
to  18.7  mri  long,  with  long  snouts  or  bills  at  the  tip  of  which 
are  strong  jaws.  With  these  jaws,  adults  burrow  into  grass 
stems  for  food  and  for  the  deposition  of  their  eggs.  They  also 
eat  leaves.  The  larvae  have  soft,  white  bodies;  hard,  yellow- 
to-brown  heads;  and  are  rather  small.  They  feed  on  fibrous 
grass  roots  of  turf  and  small  grains  throughtout  the  grasslands 
and  cultivated  areas  of  the  United  States. 

Ants,  Numerous  species  of  ants  have  become  associated 
with  humans  and  their  property.  Most  are  small,  2.5  to  6.3  mm 
long,  ranging  from  yellow  to  black.  Several  of  these,  such 
as  the  cornfield  and  little  black  ant,  are  frequent  inhabitants 
of  established  lawns  throughout  the  country.  The  Argentine 
and  pavement  ants  are  found  in  lawns  in  the  Southeast  and 
Atlantic  Coast  States,  respectively.  Their  ant  hills  and 
underground  nests  smother  or  destroy  the  roots  of  surrounding 
turf.  The  southern  fire  ant  is  spreading  northward  from  the 
Gulf  Coast  States,  where  it  forms  loose  mounds  or  numerous 
scattered  craters  in  grassed  areas.  Texas  leaf-cutting  ants 
damage  turf  and  establish  unusually  deep  nests,  which  they 
provision  with  cut  leaves  of  plants  (to  grow  fungus)  and 
grass  seed.  This  ant  is  found  in  Texas  and  Louisiana. 

Exercise  (838): 

1.    Match  the  statements  in  column  B  with  the  pests  in 
column  A. 


Column  A 

  (1)  Grubs. 

  (2)  May  or  June  beetles. 

  (3)  Japanese  beetles. 

  (4)  Green  June  beetles. 

  (5)  Masked  chafer. 

  (6)  Rose  chafer. 

  (7)  European  chafer. 

  (8)  Oriental  beetle. 

  (9)  Asiatic  garden  beetle. 

 (10)  White-fringed  beetle. 

 ( 1 1 )  Rhinoceros  beetle. 

 (12)  Mole  cricket. 

 (13)  Wireworm. 

 (14)  Billbug. 

 (15)  Ant. 


Column  B 

a.  Well  known  for  attacks  on  berries, 
orchard  fruits,  truck  and  garden 
crops,  ornamentals,  and  shade 
trees. 

b.  12.5  mm  long,  brown,  and  is 
often  observed  around  lights  on 
warm,  humid  evenings  from  June 
to  September. 

c.  This  snout  beetle  is  dark  grey, 
slightly  less  than  12.5  mm  long, 
with  pale  white  margins  on  the 
wing  covers  extending  along  the 
prothorax. 

d.  Small,  2.5.  to  6.3  mm  long,  rang- 
ing in  color  from  yellow  to  black. 
Its  underground  nests  smother  or 
destroy  the  roots  of  surrounding 
turf. 


Column  B 

c.  Attacks  the  nx)Ls  of  grasses  during 
its  undergmund  development — 
Whitish  to  grayish  and,  except 
for  one  instance,  larva  lies  in  a 
curled  position. 

f.  Us  body  is  almost  an  inch  long, 
slightly  fattened,  and  grayish 
green  with  yellow  edges. 

g.  Is  a  broadbodiea.  spiny-legged 
beetles,  15.6  mm  long,  varied  in 
color  pattern,  but  usually  straw 
colored  with  some  dark  markings 
on  the  body. 

h.  The  aduh  is  a  slender,  brown 
"click  beetle."  Its  larva  may  be 
1 2.5  mm  to  3.8  cm  long  at  maturity, 
usually  hard,  yellowish  brown, 
smooth, and  wormlike, 

i.  Adult  is  12.5  to  18.8  mm  long, 
blackish  brown.  Most  abundant 
between  April  and  Mid-July, 

j.  Varies  in  color,  is  5,0  to  18,7  mm 
long,  with  a  long  snout  or  bill  tipped 
with  strong  jaws, 

k.  The  adult  is  12,5  mm  long, 
yellowish  brown,  and  has  long 
spiny  leg.s.  It  is  brown  and  has 
long,  spiny  legs.  It  is  found  in  iate 
spring  or  early  summer, 

1,  Brownish,  sometime  sal  most  olive 
colored,  insect  3.8  cm  long,  with 
powerful  forelegs  adapted  for 
digging, 

m, Tan-to-chocolate-brown  beetle, 
12.5  mm  long .  that  appears  in  June 
and  July, 

n.  Adult  beetle  is  only  9,4  mm  long, 
cinnamon  bmwn,  and  looks  velvety. 
The  underside  of  the  body  is  covered 
with  short,  yellow  hairs, 

o.  It  is  5  cm  long,  and  its  larva  is 
7,6  cm  long.  It  is  pest  of  lawns  in 
Florida, 

839.  Associate  leaf*  and  stem-damaging  insects  with  their 
damaging  characteristics  and  general  descriptions. 


Insects  Infesting,  Grass,  Leaves  and  Stems.  Insects  in 
this  category  include  the  sod  webworm,  cutworm,  lucerne 
moth,  fiery  skipper,  and  grasshopper.  Adult  sod  webworm 
moths  are  12.5  to  25  mm  long  and  yellowish  brown  to  dirty 
gray.  They  hide  in  the  grass  during  the  day,  coming  out  in  late 
afternoon  or  evening.  The  webworms  themselves  are  about 
18.8  mm  long,  light  brown,  and  covered  with  fine  hairs.  They 
build  short,  silk-lined  tunnels  in  the  ground  at  the  base  of  the 
grass  plants.  From  these  they  emerge  at  night  to  feed  on  the 
grass,  often  dragging  bits  of  the  blades  into  their  burrows.  Sod 
webworms  prefer  new  lawns.  Ragged  patches  in  the  turf  are 
the  first  signs  of  damage,  but  heavy  infestations  can  kill  large 
arcas  of  turf.  Most  of  the  important  species  have  several  gener- 
ations i>er  year.  Webworms  occur  throughout  the  United  States. 

1\vo  armyworms  are  important  to  turf:  the  army  worm  and 
the  fall  armyworm.  The  armyworm  adult  is  a  pale  brown 
moth  with  a  single  white  dot  in  the  center  of  each  forewing. 
The  forewing  of  the  fall  armyworm  adult  is  dark  grey  and 
mottled,  while  the  hindwing  is  grayish  white.  Both  have  a 
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3,8  cm  wingsprcad.  The  caterpillars  resemble  each  other  more 
closely— tan  to  green,  with  three  yellowish-white  hairlines 
down  the  back  from  end  to  end.  Army  worms  hide  in  the  soil 
by  day  and  feed  first  on  the  stems  and  then  on  the  leaves  of 
grasses  at  night.  Fall  amiy worms  don't  leave  the  grass  plants 
to  hide.  When  these  species  are  numerous,  they  may  eat  plants 
to  the  ground,  causing  more  or  less  circular,  bare  areas  in  turf. 
Some  cutworm  species  stay  in  the  soil  and  feed  on  roots 
and  underground  parts  of  stems;  others  cut  off  grass  at  the 
soil  line,  and  still  others  devour  the  blades.  Damage  is  done 
at  night,  leaving  small,  elongated,  or  irregular,  closely 
cropped  brown  spots  in  the  turf.  Cutworms  are  of  worldwide 
distribution,  but  some  species  are  primarily  in  southern 
climates  and  others  in  the  north. 

The  adult  Lucerne  moth  is  grayish  brown,  with  two  pairs 
of  dark  spots  on  each  forewing.  Its  larvae  may  occasionally 
attack  turf,  particularly  in  California. 

Adult^^ry  skippers  are  small,  yellowish-brown  butterflies. 
Early  larval  attack  results  in  isolated,  round,  bare  spots  1  to  2 
inches  in  diameter.  The  spots  may  become  numerous  enough 
to  destroy  much  of  a  grassed  area.  This  insect  is  an  occasional 
pest  of  lawns  in  California. 

More  than  100  species  of  grasshoppers  feed  on  range 
vegetation  or  grassed  areas.  Most  of  these  are  2.5  to  5.0  cm 
long  and  vary  widely  in  coloration  from  mottled  tones  of  tan 
to  degrees  of  green  and  yellow,  -/ith  or  without  spots  and 
stripes.  The  migratory  grasshopper  and  two  other  species 
that  have  the  typical  migiatory  habit  are  highly  destructive 
during  outbreaks.  These  adults  fiy  in  swarms  and,  as  a  group, 
lay  their  eggs  in  well-defined  beds.  There  are  one  or  two 
generations  per  year.  These  grasshoppers  have  occasionally 
destroyed  grass  and  other  vegetation  cover  over  wide  areas. 
They  cut  stems  and  blades  close  to  the  ground,  often  eating 
only  part  of  what  they  have  selected.  While  grasshoppers  are 
found  throughout  the  worid,  most  extensive  camage  in  this 
country  has  occurred  primarily  in  the  Central  and  Western 
States. 


Exercise  (839): 

1.    Match  the  statements  in  column  B  with  the  insects  in 
column  A. 


Column  A 
.( 1 )  Sod  webworm, 
Armyworm, 
Cutworm, 
Lucerne  moth. 
Fiery  skipper. 
Grasshopper. 


-(2) 
-(3) 
-(4) 
-(5) 
-(6) 


Column  B 

a.  The  adult  is  grayish  brown  with  two  pairs 
of  dark  spots  on  each  forewing.  The  larvae 
may  occasionally  attack  *urf,  particularly 
in  California. 

b.  Most  are  2,5  to  5,0  cm  long,  and  they  may 
vary  widely  in  coloration  from  mottled 
tones  of  tan  to  degrees  of  green  and  yellow, 
with  or  without  spots  and  stripes.  They 
cut  stems  and  blades  close  to  the  ground, 
often  eating  only  part  of  what  they  have 
selected, 

c.  The  caterpillars  resemble  each  other 
closely,  having  a  basic  tan-to-green  color 
with  three  yellowish-white  hairlines  down 
the  back  from  end  to  end.  They  hide  in 
the  soil  by  day  and  feed  first  on  the  stems 
and  then  on  the  leaves  of  grasses  at  night. 

d.  Adults  are  small  yellowish-brown  butter- 
flies. Early  larval  attack  results  in  isolated, 
round,  bare  spots  1  to  2  inches  in  diameter. 

e.  Some  species  stay  in  the  soil  and  feed  on 
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roots  and  underground  parts  of  stems; 
others  cut  grass  at  the  soil  line;  still 
others  devour  the  blades. 
Moths  of  this  insect  are  12/5  to  25  mm 
long  and  are  yellowish  brown  to  dirty 
gray  in  color.  They  feed  at  night,  often 
dragging  bits  of  blades  into  their  burrows. 


840.  Certify  or  correct  four  generalizations  about  sucking 
insects. 


Sucking  Insects  of  Tbrf  and  Grasses .  Th  i  s  growp  of  insects 
includes  the  leafbugs,  chinchbugs,  leafhoppers,  and  scale 
insects,  Leajbugs  feed  on  certain  lawn  grasses,  killing  the  grass 
in  spots.  Found  throughout  the  United  States,  it  is  best  known  in 
California  lawns.  An  adult  chinch  bug  is  about  4,2  mm  long 
and  black  with  white  markings;  but  the  immature,  nymphal, 
forms  cause  most  of  the  injury.  At  birth  they  are  half  the  size  of 
a  pinhead  and  bright  red  with  a  white  band  across  the  back. 
They  increase  in  size  and  darkness  with  each  of  four  molts.  There 
are  normally  two  generations,  with  the  adults  overwintering 
in  clumps  of  perennial  grasses  or  similar  shelter.  There  may  be 
There  may  be  a  partial  third  generation  in  the  southernmost 
states.  They  attack  cultivated  and  wild  grasses,  causing 
yellowish  spots  at  first,  which  then  turn  brown  as  the  turf 
dies.  The  chinch  bug  has  been  found  throughout  the  United 
States  and  i:^  one  of  the  most  uestxuctive  of  the  turf-attacking 
insects. 

There  are  several  species  of  leafhopper  that  feed  upon  and 
injure  turf.  They  are  less  than  5,0  mm  long  and  may  be 
greenish  yellow  or  light  tan.  Adults  hold  their  wings  over 
their  backs,  tentlike,  but  they  fly  short  distances  readily  when 
disturbed.  Both  nymphs  and  adults  suck  plant  juices,  and  in 
dry  hot  weather,  they  may  cause  extensive  off-color  of  lawns 
(gray  to  a  light  brownish  yellow  in  spots).  This  effect  may  be 
mistaken  for  damage  due  to  dry  weather  or  disease.  Leaftioppere 
are  found  worldwide. 

Several  species  of  scale  insects  injure  turf,  primarily  in  the 
Southern  States.  Being  tiny  and  inconspicuous,  these  true 
bugs  are  frequently  overlooked.  They  are  usually  round  or 
oval  with  a  waxy  covering.  Eggs  develop  into  active  crawlers 
or  nymphs.  These  soon  insert  their  beaks  into  plant  tissue  and 
suck  out  plant  juices.  The  adult  rhodegrass  scale  is  3 . 1  mm  in 
diameter,  globular,  and  dark  purplish  brown.  It  is  covered 
with  a  white  cottony  secretion.  Both  the  adults  and  nymphs 
cause  turf  browning  by  attacking  chiefly  the  plant  crowns  of 
Bermuda  grass  and  St.  Augustine  grass.  There  may  be  five 
generations  a  year.  This  scale  is  found  in  southern  Texas, 
Louisiana,  Florida,  and  California. 

Bermuda  grass  scale  adults  are  1.6  mm  long,  oval,  and 
covered  with  a  white,  hard  secretion.  Nymphs  and  adults 
damage  Bermuda  grass  where,  with  heavy  infestations,  they 
kill  the  grass  and  leave  brown  patches,  Bermuda  grass  scale 
is  most  prevalent  in  Florida. 

Ground  pearls  are  scale  insects,  measuring  1.6  mm 
across,  that  have  a  hard,  cream-colored  covering  over  their 
bodies  so  that  they  look  1^'  sinall,  round  pearls.  They  feed 
on  the  roots  of  Bermuda  grass,  in  the  South  and  Southwest, 
and  centipede  grass  in  the  South,  causing  turf  to  turn  brown 
and  eventually  die. 
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Exercises  (840): 

Mark  each  statement  true  (T)  or  false  (F)  and  correct  any 
errors, 

  1 ,     The  leafbug  feeds  on  certain  lawn  grasses  and 

kills  the  grass  in  spots. 


Exercises  (841): 

1 .    When  should  you  check  grub  populations? 


2.    How  should  you  do  it? 


At  birth,  the  chinch  bug  is  half  the  size  of  a       ^  ,   .      .  . 

pinhead  and  is  black  with  a  white  band  across  the       3-    What  population  density  calls  tor  control  > 

back. 


nv  do  you  check  for  wircwornis? 


The  leafhoppers  are  less  than  5  mm  long  and  may 
be  greenish  yellow  or  light  tan.  Both  nymphs  and 

adults  suck  plant  juices,  especially  in  dry,  hot       5  ^j.  ^^!^  for  chinch  bugs? 


weather. 


The  common  scale  insects  of  cultivated  turf  are 
the  Rhodegrass  scale,  Bermuda  grass  scale,  and 

ground  pearls.  842.  Cite  random  facts  about  snail  and  slug  habits  and 

habitat. 


841.  St^.te  how  to  survey  and  contn>l  turf- and  lawn-damaging 
insects. 

Survey  and  Control  of  Tbrf  Insecis.  Blotchy  and  dying 
grassed  areas  may  be  the  result  of  disease,  nutritional 
unbalance,  drought,  or  insect  damage.  Check  first  for 
insects.  Extensive  injury  to  turf  by  many  insects  may  be 
largely  prevented  through  initial  surveillance  and  a  few 
simple  inspection  techniques. 

Grub  populations  are  best  evaluated  in  the  fall  before  cold 
weather  or  after  the  soil  has  been  wanned  by  the  sun  in  the 
spring.  Cut  three  sides  of  a  strip  of  sod  1  foot  square  by  2  or  3 
inches  deep  and  lay  it  back,  using  the  uncut  side  as  a  hinge. 
Knock  grubs  from  the  exposed  grass  roots  and  soil  with  a 
trowel  or  blade.  Make  several  such  samples  at  random  in  an 
average-sized  lawn.  A  half  dozen  or  more  grubs  per  square 
foot  indicates  need  for  control. 

You  can  find  chinch  bugs  by  using  a  tin  can  with  both  ends 
removed.  Push  one  end  of  this  cylinder  into  the  ground  in  a 
yellowed  part  of  the  damaged  turf.  Fill  the  cylinder  with 
water.  Chinch  bugs  will  float  to  the  surface  within  several 
minutes.  You  can  bring  sod  webworms,  armyworms,  and 
cutworms  to  the  surface  by  applying  1  tablespoonful  of 
pryethrum  extract  in  1  gallon  of  water  to  1  square  yard  of  turf. 
If  you  see  12  to  16  of  them  per  square  foot,  apply  insecticide. 

You  can  spot  wire\vorms  by  passing  broken-up  sod 
through  a  hand  sifter  made  of  a  piece  of  four-mesh  hardware 
screen  attached  to  a  frame.  Let  the  soil  fall  on  a  second  sifter 
of  standard  window  screen,  and  you  can  see  the  shiny,  yellow 
wireworms.  To  control  them,  follow  the  recommendations 
on  the  pesticide  labels. 


Importance  of  l^rrestrial  Snails  and  Slugs.  In  some 
parts  of  the  world,  snails  are  grown  as  food  for  people.  In 
many  other  places,  they  are  very  serious  economic  pests.  A 
third  economic  impact  is  not  quite  so  obvious.  Some  of  the 
ones  that  are  pests  in  the  United  States  serve  to  maintain  a 
balance  of  nature  in  their  native  areas.  While  most  species 
native  to  the  United  States  are  solitary  in  habit  and  do  very 
little  damage,  some  introduced  species  require  control. 
Many  species  are  kept  out  by  Federal  quarantine.  Military 
(and  civilian)  equipment  returning  from  overseas  areas  must 
pass  quarantine  inspection  for  living  snails.  If  live  snails  are 
found,  there  must  be  ftirther  inspection  and  ftimigation, 
saltwater  washdown,  or  steam  cleaning.  These  tasks  take 
time  and  money  wherever  they're  done,  but  they  cost  a  lot 
more  at  U.S.  entry  ports  than  at  overseas  ports  before 
shipment. 

Human  food.  Some  helicine  snails  have  served  as  food 
since  early  times.  They  are  highly  nutritious  and  are 
considered  to  be  delicacies.  For  a  number  of  years,  over  a 
million  pounds  of  European  snails  per  year  were  imported 
into  the  United  States.  The  giant  African  land  snail,  Achatina 
Julica,  is  an  important  food  source  in  its  native  areas,  and  in 
some  locations  it  is  the  largest  single  item  of  animal  protein  in 
the  hu  nan  diet.  It  is  not  considered  a  delicacy  as  are  the 
European  helicines,  and  many  people  consider  it  inedible.  In 
Africa,  Achatina  is  highly  beneficial,  but  in  the  areas  to 
which  it  has  been  exported,  it  is  a  serious  economic  pest. 

Natural  controls.  Snails  and  slugs  in  their  native  habitats 
are  members  of  natural  communities  in  which  their 
populations  are  controlled  by  ecological  forces.  These 
natural  population  controls  include  natural  enemies 
(predators  and  parasites),  unfavorable  climate,  and  an 
inability  to  overcome  competition  for  food  and  shelter.  Snails 
are  an  integral  part  of  this  ecological  balance. 

Economic  pests.  When  a  snail  or  slug  species  is 
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introduced  into  a  new  area,  it  usually  leaves  its  predators  and 
parasites  behind.  Without  these  important  checks  and  with 
favorable  environmental  factors,  the  species  can  realize  its 
fiill  population  potential.  If  this  potential  is  high,  only  a  short 
period  of  unchecked  reproduction  will  cause  the  population 
to  erupt.  The  invaders  eat  certain  plants  in  great  quantity, 
destroying  food  and  shelter  of  other  native  organisms  and 
reducing  their  number.  This  quickly  affects  their  predators 
and  parasites,  and  the  whole  organization  of  a  community 
may  be  completely  disrupted,  Thir-  can  make  beneficial 
plants  and  animals  disappear  permanently  from  the  area. 
When  the  new  c^pecies  has  exhausted  its  food  supply,  it  may 
emigrate  to  other  communities.  Thus,  the  indirect  economic 
import  of  introduced  species  actually  may  be  far  greater  than 
the  more  obvious  economic  importance. 

Of  the  roughly  725  species  of  terrestrial  snails  and  40 
species  of  slugs  now  recognized  in  the  continental  United 
States,  44  snails  and  11  slugs  have  been  introduced.  Helix 
asperta  and  Otala  Lactea  are  now  well  established  in 
California,  in  spite  of  considerable  time,  energy,  and 
expense  in  fighting  them.  The  distribution  for  any  species 
tends  to  be  spotty.  Population  densities  are  influenced  by 
depths  and  types  of  soils,  by  climatic  conditions,  by 
availability  of  food  and  by  the  intensity  with  which  land  is 
cultivated,  Achatina  has  become  established  in  Hawaii, 
Though  it  has  been  found  on  quarantine  inspections  at 
California  ports  Achatina  hasn't  gotten  established  there, 
Achatina  fulica  feeds  on  a  wide  variety  of  plants;  only  the 
grasses  seem  nearly  immune  to  its  attack.  Even  the  larger 
"grasses,"  such  as  rice,  sugar  cane,  and  com  are  fed  upon 
only  when  no  other  foods  are  available,  but  many  weeds  are 
eaten.  Food  preferences  seem  to  vary  from  place  to  place,  but 
it  attacks  most  fruits  and  vegetables,  and  such  economically 
important  plants  as  tobacco,  cotton,  and  rubber.  It  eats  young 
teak  trees  and  many  ornamental  plants.  We  can  only  guess  at 
the  extent  of  damage  that  would  be  done  if  this  snail  were 
introduced  into  the  continental  United  States. 

Of  the  several  economically  important  Mediterranean 
snails,  Theba  pisana  is  considered  the  most  destructive.  It 
entered  California  in  the  early  1920's,  and  it  was  well 
established  before  extensive  control  programs  eradicated  it. 
It  entered  South  Carolina  in  1956  in  military  cargo  returned 
from  North  Africa  but  was  eradicated  before  it  became 
firmly  established.  It  has  a  voracious  appetite.  When  it's 
young,  it  will  consume  three  to  five  times  its  own  weight  of 
vegetation  each  day,  doubling  its  size  in  the  first  week  and 
again  in  the  second.  Some  of  the  Mediterranean  snails  are 
stem  feeders,  but  Theba  pisana,  though  it  eats  stems  of  some 
legumes,  feeds  primarily  on  leaves.  Many  snails  eat  straw, 
manure,  and  dead  plants  and  animals,  but  Theba  pisana  will 
eat  these  only  if  foliage  is  not  available.  It  feeds  on  weeds, 
particularly  on  thistle  and  other  composites.  It  destroys 
alfalfa  and  a  wide  variety  of  legumes  and  has  a  strong 
propensity  for  citrus.  It  has  demonstrated  its  ability  to 
become  a  serious  economic  pest  wherever  it's  introduced,  as 
have  its  near  relatives. 


Exercises  (842): 

1 .    Mark  each  statement  true  (T)  or  false  (F),  and  correct  the 
errors. 


a.     In  some  parts  of  the  world,  snails  are  cultivated 
as  food  for  humans. 


When  snails  are  introduced  into  new  areas,  they 
may  become  serious  economic  pests. 


c.     For  many  years  over  a  million  pounds  of  snails 
per  year  were  imported  into  the  United  States, 


d.     The  giant  African  land  snail  is  an  important  food 
source  in  its  native  area. 


e.     The  number  of  native  snails  is  controlled,  to  a 
large  extent,  by  natural  enemies  and  climate. 


Many  snails  eat  straw,  manure.  ?nd  dead  plants 
and  animals,  but  Theba  pisana  will  eat  these  only 
if  foliage  is  not  available. 


g,     Achatina  have  become  established  in  California. 


843.  Associate  terrestrial  snail  and  slug  families  with 
physical  descriptions,  and  cite  random  facts  about  snails 
found  in  military  cargoes. 


Terrestrial  snails  and  slugs  are  gastropod  mollusks. 
Almost  all  of  those  of  economic  importance  belong  to  the 
order  Pulmonata.  The  shell,  if  present,  is  basically  a  simple 
spiral  or  helix  and  is  composed  primarily  of  calcium 
carbonate.  There  are  no  gills,  but  rather  an  air-bieathing  lung 
opening  by  a  contractile  pore. 

Slug  Families.  Thers  are  four  families  of  slugs  found  in 
the  United  States.  Families  Veronicellidae,  Arionidae,  and 
Limacidae  are  all  either  completely  without  shells  or  have 
only  internal  vestigial  shells.  Some  of  the  more  important 
genera  are  Veronicella,  Arion,  Milax,  Deroceras,  and 
Umax.  Slugs  in  family  Testacelliadae  have  small, 
rudimentary  shells  near  the  posterior  ends  of  their  bodies,  A 
single  introduced  species,  testacella  haliotideu  spends  con- 
siderable time  in  the  ground,  where  it  feeds  chiefly  on  earth- 
worms. 

Snail  Families..  There  are  five  families  of  snails  found  in 
the  United  States.  Family  Zonitidae  is  almost  worldwide  in 
distribution.  The  shell  is  usually  umbilicate,  and  has  a  low 
spire  that  gives  it  a  rather  discoidal  outline.  The  Hp  is  thin  and 
not  reflected  (not  turned  back).  Some  of  the  species  native  to 
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North  America  arc  of  little  economic  importance,  but  three 
introduced  species  of  the  genus  Oxychilus  are  pests.  Some  of 
these  net  only  feed  on  young  plants  but  are  prcdatory  and 
carnivorous  and  feed  on  other  snails. 

Family  Bradybaenidae  shells  are  wider  than  they  are  high; 
thin,  narrowly  umbilicate,  with  a  rather  depressed  spire.  The 
lip  is  reflt^cted.  The  species  Bradybaena  similaris  is  a  pest  of 
horticulture  and  floriculture  whenever  introduced  in  areas  of 
suitable  climate,  such  as  Hawaii. 

Family  Achatinidae  shells  vary  in  shape  from  oval  to  long 
and  thin.  All  are  longer  than  wide.  These  snails  are 
distributed  widely,  and  many  are  quite  destructive.  T\vo 
species  of  Cecilioides  have  been  introduced  into  the  United 
States.  They  usually  stay  in  the  soil  and  are  moved  with  roots 
of  plants.  T\vo  species  of  Opeas  have  been  introduced  from 
the  Orient  and  tropical  America.  Four  species  of  Lamellaxis 
have  been  introduced  into  the  United  States  from  tropical 
areas  of  both  the  old  and  new  world.  Subulina  octona  has 
been  introduced  from  the  Tropics  and  Rumina  decollata  from 
the  Mediterranean.  We've  already  discussed  the  most 
destructive,  Achatina  fulica,  which  has  spread  widely 
throughout  the  Central  and  Southwestern  Pacific.  This  snail 
can  reach  an  overall  length  of  nearly  1  foot.  As  we  said,  it  has 
been  intercepted  at  United  States  ports  but  has  not  become 
established  in  North  America. 

Family  Helicellidae  shells  are  all  either  umbilicate  or 
perforate,  with  shapes  that  vary  from  long  and  narrow  to 
broad  and  flat.  This  is  a  large  family,  with  snails  of  several 
species  introduced  into  North  America  from  Europe, 
Western  Asia,  and  North  Africa.  Some  of  these  are  not  only 
very  destructive,  but  are  readily  transported  because  they 
leave  the  ground  in  hot  weather  and  crawl  onto  surfaces 
where  they  seal  the  shell  against  drying.  Several  species  of 
Cochlicella  Helicella,  Monacha,  and  Hygromia  have  been 
introduced  into  the  United  States. 

Family  Helicidae  shells  usually  are  banded,  wider  than 
high,  loosely  coiled,  with  the  central  column  hollow  or 
umbilicate.  Adults  often  have  the  umbilicus  closed  over  by  an 
extension  of  the  lip.  This  family  is  of  European  origin.  It 
contains  the  edible  snails,  ^^vo  species  of  Otala  are  cultivated 
as  food.  Various  species  of  economic  importance  in  the 
genera  Helix,  Cepaea,  Otala,  and  Theba  have  been 
introduced  into  the  United  States,  and  Helicigona  elsewhere 
into  North  America. 

Snails  in  Military  Cargoes.  The  land  snails  ^at 
quarantine  officials  find  most  commonly  on  military  cargoes 
belong  to  three  genera:  Theba,  Helicella,  and  Cochlicella, 
The  habits  of  these  snails  are  typified  by  Theba  pisana,  the 
white  garden  snail.  In  the  autumn  and  winter  rainy  season  of 
plant  growth,  the  snails  actively  feed  and  reproduce.  They 
are  reported  to  reproduce  by  self-fertilization,  although 
mating  has  been  observed.  Prior  to  egg-laying,  the  snail 
prepares  a  nest  by  loosening  the  soil  with  its  mouthparts  and 
moving  it  to  the  rear  by  undulating  movements  of  the  foot. 
After  the  egg  mass  is  deposited  about  an  inch  deep,  the 
burrow  is  filled  with  soil.  After  about  a  week  in  the  soil,  the 
eggs  hatch,  and  the  small  snails  move  to  the  undersides  of 
leaves  to  feed.  With  the  onret  of  the  hot,  dry,  summer 
months,  they  cease  to  feed  and  seek  surfaces  abo\e  the  hot 
ground  to  aestivate  (pass  the  summer  in  a  dormant  state).  In 
search  of  suitable  sites,  they  often  follow  the  slime  trails  of 
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other  snails.  Hundreds  of  aestivating  snails  may  be  found 
covering  a  small  thornbush  or  a  signpost.  The  secreted 
mucous  not  only  seals  the  shell  and  prevents  drying,  but  also 
glues  the  snail  to  the  surface  on  which  it  aestivates.  In  this 
condition,  the  snails  can  withstand  long  periods  of  dryness, 
and  are  unharmed  by  temperatures  of  up  to  130°  F,  for  short 
periods.  In  seeking  sites  for  aestivation,  the  snails  invade 
crates  of  military  sunplies,  and  in  their  dormant  state,  they 
can  be  shipped  considerable  distances  before  rain,  fog,  or 
other  moisture  reactivates  them. 


Exercises  (843): 

To  '.v^hich  family  does  each  statement  refer  ( Veronicellidae, 
Testacell  iadae ,  Zonit  idae ,  Bradybaenidae ,  Achatinidae , 
Helicellidae,  or  Helicidae)? 

  1.    Snails   of  this   family  vary  in 

shape  from  oval  to  long  and  thin. 

 2.    The  shell  of  this  snail  is  usually 

umbilicate  and  has  a  low  spire  that 
gives  it  a  rather  discoidal  outline. 

  3.    These  slugs  are  all  either  completely 

withom  shells  or  have  only  internal 
vestigial  shells. 

 4.    Shells   of  these   snails   are  all 

either  umbilicate  or  perforated, 
with  shapes  that  vary  from  long 
and  narrow  to  broad  and  flat. 

  5.    Slugs  in  this  family  have  small, 

rudimentary  shells  near  the  poste- 
rior end  of  their  bodies. 

  6.    A  snail  in  this  family  will  have  a 

shell  wider  than  high,  thin,  narrowly 
umbilicate,  wi*h  a  rather  depressed 
spire. 

 7 .    The   shells   are  banded ,  wider 

than  high,  loosely  coiled,  with  the 
central  column  hollow  or  umbil- 
icate. 

2.  In  hot  months,  snails  seek  surfaces    the 

ground. 

3.  Most  snails  pass  the  summer  in  a  dormant  state  called 


4.    The    Theba  pisana   is   reported   to   reproduce  by 


844.  State  how  to  inspect  for  snails  and  slugs. 


Inspection  for  Snails  and  Slugs.  Inspections  for 
terrestrial  snails  and  slugs  have  two  purposes:  horticultural 
and  quarantine.  To  inspect  for  snails  aud  slugs  in  gardens, 
greenhouses,  and  other  horticultural  areas,  you  must  actually 
search  for  the  pests.  Where  you  find  plant  damage  but  do  not 
see  slugs  or  snails,  you  should  inspect  at  night  or  early  in  the 
morning  after  a  rain.  You  can  use  attractants,  such  as 
metaldehyde,  diced  apples,  or  other  fruit  to  draw  out  the 
snails  and  slugs.  When  you  can't  inspect  at  night  or  early  in 
the  morning,  place  baits  on  sheets  of  wrapping  paper  so  that 
you  can  see  the  slime  trails. 


Basically,  a  quarantine  inspection  for  terrestrial  snails  is  a 
search  for  the  snails  on  materials  shipped,  on  containers,  and 
on  tracked  and  wheeled  vehicles.  It  is  important  to  inspect 
small  and  obscure  spaces  where  only  very  small  snails  may 
liave  been  able  to  find  space.  Thorough  inspection  of  cargo 
and  cargo  spaces  on  arrival  at  a  United  States  port  generally  is 
more  difficult  and  more  time  consuming  than  inspection  at 
the  cargo's  point  of  origin. 

Make  a  thorough  inspection  of  all  militai^  material  and 
personal  household  effects  of  military  and  civilian  personnel 
before  they  leave  a  known  snail  area.  Because  of  the  tendency 
of  snails  to  hide  in  crevices  or  to  crav\ !  into  holes  or  other 
openings,  you  must  inspect  inside  and  outside  of  containers 
when  you  see  likely  entry  holes.  The  smaller  snails  resemble 
ordinary  pebbles  in  color  markings  and  size,  so  it\s  easy  to 
overlook  a  significant  infestation  on  a  superficial  inspection, 
CONEX  boxes,  particularly  when  they  have  been  in  contact 
with  the  soil,  offer  such  havens  as  the  bottom  runners  (some 
of  which  arc  hollow),  the  lift  hook  slots,  and  the  occasional 
rust  holes  in  the  more  weathered  boxes.  Examine  all  sides  of 
each  Mkely  item.  Note  in  particular  any  cracks,  crevices,  or 
other  areas  not  rcadily  observable.  You'll  need  a  forkiift  to 
inspect  the  bottoms  of  boxes ,  crates ,  a  nd  the  heavier  articles , 
Sometimes  the  first  sign  of  snails  is  a  faint  slime  trail.  Steel 
cylinders  make  good  hidi-  places  for  snails  aestivating 
under  their  screwscaps,  or  acking  to  their  pallet Pipes  of 
all  types  are  especially  attractive  to  snails,  since  caps  or  plugs 
are  seldom  feasible.  In  the  case  of  halftracks,  cranes,  and 
other  heavy  equipment,  steam  or  water-jet  cleaning  is 
recommended  in  lieu  of  or  in  addition  to  examination.  When 
you  examine  the  ships  before  they  are  loaded,  give  attention 
ot  the  bottom  of  holds  and  around  the  sides  of  ledges.  Hold 
bulkheads  near  the  engine  room,  being  warmer,  are  favored 
snail  sites.  Snail-free  cargo  should  never  be  loaded  until 
holds  have  been  inspected  thoioughly  and  found  or  made 
snail-free. 

Exercises  (844): 

1.    The  two  purposes  of  snail  and  slug  inspections  are 
 and  


2.    To  find  slime  t.ails,  >here  might  you  put  baits? 


3.    What  are  the  two  best  times  to  inspect  for  snails  in  a 
garden? 


4.    Where  is  cargo  inspection  easiest? 


5.    What  is  often  the  first  sign  of  snails? 


845.  Certify  or  correct  statements  about  how  to  control 
snails  and  slugs. 


Physical  Control.  You  can  search  actively  for  the  pests 
and  handpick  or  crush  them  as  you  find  them,  but  physcial 
control  may  include  easier  ways  to  prevent  military  supplies, 
engineering  equipment,  and  transportation  equipment  from 
becoming  infested  with  snails  and  slugs.  Incoming  supplies 
should  be  stored  in  warehouses.  Land  snails  normally  do  not 
enter  buildings  to  aestivate;  therefore,  enclosed  structures 
provide  the  greatest  protection  against  infestation.  If 
warehouses  are  not  available,  use  paved  storage  areas,  but 
protect  them  by  sound,  aggressive,  and  continuous  chemical 
and  cultural  control  programs.  Only  snail-free  supplies 
sliould  be  stored  in  either  area.  Infested  cargo  should  never 
be  mixed  with  snail-free  cargo  in  storage  or  in  transit. 

Equipment  and  materials  (forklifts,  tractor  trailers, 
i^ilcars,  pallets,  dunnage,  and  tarpaulins)  used  to  store  or 
transport  noninfested  supolies  must  be  snail-free.  Equipment 
not  in  use  should  be  returned  to  snail-free  areas.  Equipment 
used  to  handle  or  transport  snail-infested  supplies  should  not 
be  used  to  transport  snail-free  cargo  unless  the  equipment 
has  been  ftimigated.  Snail-fix^e  storage  areas  should  be 
established  at  those  installations  where  large  quantities 
of  supplies  are  stored  in  open  areas.  To  prevent  the 
contamination  of  commercial  or  military  carriers  during  the 
movement  of  supplies  from  one  installation  to  another,  only 
snail-free  cargo  should  be  shipped. 

Adequate  procedures  must  be  established  to  prevent  snail 
"stowaways"  in  personal  household  effects  of  military  and 
civilian  personnel.  Lawn  ftimiturc,  sporting  goods  (boats, 
motors,  etc.),  bicycles,  motor  scooters,  utility  trailers,  and 
other  personal  effects  that  are  allowed  to  remain  outdoors 
must  be  ftimigated  before  they  are  packed  for  shipment. 
Equipment  used  in  grounds  maintenance  work  should  not  be 
stored  or  left  idle  in  snail-infested  areas.  It  should  be  cleaned 
and  returned  to  the  equipment  storage  area  at  the  end  of  each 
day.  CONEX  transporters  should  be  stoned  in  warehouses  or  in 
snail-free  areas  when  they're  not  in  use.  Thej  should  not  be 
stored  or  allowed  to  stay  on  the  ground.  Snail-  infested 
supplies  or  household  effects  should  never  be  packed  in 
CONEX  transporters  for  shipment. 

Cultural  ControL  Cultural  control  involves  destroying 
habitats  or  hiding  places  by  clearing  underbrush  and  by 
eliminating  reftise  piles,  loose  boards,  and  stones.  Mowing 
grass  and  weeds  will  help  keep  some  species  from  increasing 
in  population.  Cultivating  the  soil  during  the  period  of  snail 
activity  and  breeding  season  will  destroy  many  snails  and 
their  eggs.  Plowing  or  turning  the  soil  is  preferred,  but 
discing  and  cultipacking  is  helpftil  in  areas  where  plowing  is 
not  practical,  such  as  ammunition  storage  areas,  golf  courses, 
fence  rows,  and  airfields.  Plowing  and  seeding  small  grain  to 
reduce  erosion  is  recommended  every  12  months.  Burning 
heavily  infested  areas  has  been  successftil  in  eliminating 
aestivating  land  snails  in  California  and  North  Africa. 

Biological  ControL  Biological  snail  control  is  based  on 
the  natural  balance  between  mollusks  and  their  enemies.  This 
balance  is  shifted  in  favor  of  the  introduced  species  when  they 
become  pests,  but  it  can  be  shifted  in  the  opposite  direction  by 
importing  their  foreign  predators  or  by  conserving  and 
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augmenting  natural,  established  predators.  In  introducing 
predators,  extreme  caution  must  be  observed  because  of  the 
possibility  that  they  may  become  more  serious  pests  tlian 
their  prey.  Any  introduction  of  foreign  species  can  be  made 
only  after  careful  study  and  approval  by  the  U.S.  Dcpartmo  i 
of  Agriculture.  Many  mammals,  birds,  reptiles,  amphibians, 
rodents,  and  insects  have  been  recorded  as  occasional 
predators  of  snails  and  slugs.  In  the  continental  United 
States,  however,  none  offer  effective  and  practical  means  of 
control  of  introduced  species  of  snails  and  slugs,  except  for 
the  limited  use  of  turkeys,  ducks,  and  chickens.  Carnivorous 
snails  attack  some  economically  important  pest  snails  and  can 
greatly  reduce  the  pest  population  at  times.  Depending  on 
predators  means  we  must  accept  a  large  enough  pest 
population  to  feed  the  predators. 

Chemical  Control.  Chemical  snail  control  uses  contact 
sprays  and  paints,  irritating  powders,  poison  baits,  and 
deterrents.  Since  land  snails  must  have  lime  to  consolidate 
their  shells  and  must  actively  search  for  it  if  it  is  not  readily 
available  a  1-percent  solution  of  calcium  arsenate  mixed  with 
lime  water  serves  as  a  lure  and  as  a  poison.  Sprays  of 
Bordeaux  mixture,  kerosene  emulsion,  chlordane,  lindane, 
pyrethrum,  DDT,  soap  solutions,  and  lime  sulfiirs  are  good 
repellents,  but  they  are  not  effective  in  eliminating  the  snails 
or  slugs. 

Sodium  pentachlorophenate  is  a  contact  poison  that 
effectively  controls  land  snails  and  slugs  from  several  days  to 
several  weeks.  Use  it  as  a  barrier  to  protect  materials  from 
snail  contamination.  Apply  40  pounds  per  acre  as  often  as 
required  by  soil  conditions,  rainfall,  and  the  density  of  the 
snail  population.  Protective  barrier  rings  of  coal  tar,  soot, 
ash,  lime,  salt,  and  other  substances  often  are  used  to  keep 
snails  and  slugs  from  valuable  plants,  gardens,  and  other 
areas  where  they  could  cause  damage.  Since  some  of  these 
materials  can  kill  vegetation  or  injure  the  soil,  you  must  use 
them  with  caution.  Lime,  salt,  soot,  ash,  and  similar 
substances  act  as  dehydrators,  causing  slugs  and  snails  to 
secrete  slime  so  copiously  that  they  dry  out  and  die.  These 
materials  have  limited  effectiveness  during  the  wet  seasons 
of  the  year  and  must  not  be  relied  on  as  *  *cure-all ' '  materials . 
Metaldehyde  is  one  of  the  most  important  chemical  weapons 
against  land  snails  and  slugs,  but  it's  not  always  completely 
effective  against  all  species. 

Baits  containing  metaldehyde  have  been  used  successfully 
in  reducing  must  snail  and  slug  populations.  The  success  of 
poison  baits  in  snail  control  depends  on  the  timing  of  the 
application.  Apply  baits  when  the  snails  are  active  ond 
feed'.ng.  You  can  get  baits  commercially  in  meal  or  pellet 
form  with  or  without  calcium  arsenate  and  containing 
metaldehyde.  Mix  10  ounces  of  metaldehyde,  20  ounces  of 
calcium  arsenate  or  sodium  fluosilicate  and  20  pounds  of 
wheat  bran  or  commeal.  Add  enough  water  to  moisten  the 
bait  and  apply  1  pound  per  1,000  square  feet  (40-50  pounds 
per  acre).  In  general,  baits  are  more  effective  when? 
vegetation  is  scant.  Metaldehyde  sprays  are  not  recommended, 
but  handled  properly  they  can  be  used  safely.  When  you  use 
them  in  combination  witli  an  arsenical,  you  must  also  follow 
the  restrictions  and  precautions  for  arsenic. 

Decontamination.  High-pressure  washdown  is  used  to 
remove  snails  and  encrusted  dirt  from  military  vehicles. 
IVacked  ramps  raise  the  vehicles  enough  for  hose  handlers  to 


clean  the  undersides  thoroughly.  Cleaned  and  rcinspected 
vehicles  aie  parked  only  on  snail-free  handstands  to  await 
ship  loading.  When  washdown  is  needed  at  points  of  arrival 
after  shipment,  sea  water  is  used  and  is  drained  only  into 
bodies  of  salt  water.  Snail-infested  materials  that  can*t  be 
decontaminated  by  washdown  are  fumigated. 


Exercise  (845): 

1 .    Mark  each  statement  true  (T)  or  false  (F)  and  correct  any 
errors. 

  a .     Land  snails  normally  enter  buildings  to  aest  i vate . 


b .     CONEX   transporters   should   be   stored  in 
warehouses  or  in  snail-free  areas. 


c.     Infested  cargo  should  never  be  mixed  with 
snail-free  cargo  in  storage. 


Mowing  grass  and  weeds  will  keep  some  species 
of  snails  from  increasing  in  population. 


Using  predators  is  a  biological  method  of 
controlling  snails. 


f.      Sodium  pentachlorophenate  is  a  good  repellent 
for  snails. 


Protective  barrier  rings  of  coal  tar,  soot,  ash, 
lime,  and  salt  are  used  to  keep  snails  and  slugs 
from  valuable  plants. 


Snail-infested  materials  that  can't  be  decontami- 
nated by  washdowns  are  fiimigaied. 


3-3.  OrnamenUil  and  lUrf  Diseases 

Many  pests  of  .arf  and  ornamentals  aren't  insects; 
diseases  that  have  a  major  impact  on  plants  include  such 
micro-oi^anisms  as  fungi,  bacteria,  viruses,  parasitic  higher 
plants,  and  nematodes.  The  most  common  (and  tlius  the  most 
dsimstging)  plant  diseases  are  the  fungi.  These  are  small, 
generally  microscopic,  plants  lacking  chlorophyll  and 
conductive  tissues.  Most  of  the  100,000  fungus  species  known 
are  strictly  saprophytic  (living  on  dead  organic  matter,  which 
they  help  decompose).  Only  about  SO  species  cause  diseases 
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in  humans  and  animals,  but  more  than  8000  species  can  cause 
diseases  in  plants. 

Fungi  can  enter  plant  tissues  through  wounds,  through 
natural  openings,  or  directly  through  the  cuticle  and  the 
epidermis.  Once  inside  the  plant,  the  fiingi  remove  nutrients 
from  the  plant  and  use  them  for  their  own  gmwth  and 
ptxxluction.  The  mere  removal  of  nutrients  that  the  plant  cells 
would  normally  use  for  their  own  processes  can  sometimes 
cause  an  unhealthy  condition  in  the  host  cells,  leading  to 
localized  or  generalized  disease  symptoms  in  the  plant.  In 
this  final  section  of  Chapter  3,  you'll  learn  about  various 
plant  diseases  roughly  categorized  as  turf  diseases, 
ornamental  diseases,  and  nematodes.  They  can  attack  all 
parts  of  some  plant  species. 


846.  Associate  various  turf  diseases  with  their 
characteristics  and  damage  patterns. 

'ibrf  Diseases.  As  you  know,  a  disease  is  a  disorder 
caused  by  a  fungus,  bacterium,  virus,  or  other  agent.  Some 
disease  is  normally  expected  on  most  turfgrasses,  but  there 
must  be  a  susceptible  host  plant,  a  pathogen,  and  a  proper 
environment  for  the  disease  to  develop.  Some  diseases  only 
weaken  the  plants;  others  kill  them.  Some  diseases  disappear 
with  a  change  in  the  weather.  Many  disease  problems  can  be 
ignored,  but  others  can  totally  destroy  a  turfgrass  area. 

Brown  patch.  All  of  the  major  varieties  of  turfgrasses 
may  be  affected  by  the  scU-bome  fiingus,  Rhizpctonia  solanL 
High  temperatures  (64** -90°  F),  prolonged  humidity  (more 
than  80  percent),  dew,  dense  turfgrass,  rain  showers,  wet 
soils,  and  excessive  nitrogen  availability  increase  the 
turfgrass  susceptibility.  As  the  pathogen  develops,  it  tends  to 
spread  gradually  in  circles  along  the  ground  level.  When 
conditions  permit,  it  grows  up  onto  the  leaves  and  creates  the 
characteristic  **smoke  ring"  circles  up  to  2  feet  in  diameter 
Within  an  hour  the  '*smoke  ring"  of  blue-grey  tufts  of 
activity  can  be  evident.  Leaves  and  leaf  sheaths  turn  olive 
grecii,  wilt,  become  light  brown,  and  quickly  die.  With 
cooler  temperatures  and  lower  humidity,  diseased  turfgrass 
may  recover  rapidly.  Small  patches  of  St.  Augustine  with 
brown  patch  may  spread  slowly  into  10-foot  circles  of 
infected  turf.  There  is  a  cool-weather  (40°-60°  F)  form  of 
this  disease  that  occurs  infrequently  and  grows  slowly. 
Excessive  available  nitrogen,  low  potassium,  and  long 
periods  of  excessive  wetness  favor  this  form  also. 

Dollar  spot.  Dollar  spot,  Sclerotinia  homoecarpa,  is 
characterized  by  small,  yellow-green  blotches  on  the  blades 
of  turfgrass.  Within  24  hours  a  turfgrass  leaf  can  be  bleached 
to  a  light  tan  or  straw  color.  As  the  disease  progresses,  the 
damaged  area  on  the  grass  blade  enlarges  and  forms  a  white 
cross-section  with  a  dark-brown  border.  The  area  of 
damaged  turf  becomes  white  and  gradually  enlarges  to 
* 'silver  dollar"  size.  Small  spots  tend  to  grow  together, 
forming  large  patches.  The  grayish,  cobweblike  mycelia 
can  be  seen  easily  in  early  morning  while  dew  is  present. 
Adjacent  leaves  become  infected,  and  high-cut  turfgrass  may 
have  larger  areas  of  disease  than  low  cut. 

The  disease  seems  to  be  world wic  e  and  is  reported  as  a 
persistent  turfgrass  problem  in  most  areas  of  the  USA, 
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Canada,  British  Isles,  and  Australia.  Temperatures  from 
60^-86**  F  favor  infection  when  coupled  with  heavy  dew  and 
low  nitrogen  supply.  Ample  available  nitrogen,  to  encourage 
fast  growth,  reduces  severity  and  may,  on  some  species, 
prevent  evidence  of  infestation.  Early  summer  and  midfall 
are  the  peak  times  of  dollar-spot  activity  in  the  midwest. 

Copper  spoU  Beginning  as  small  reddish  spots,  thi.s 
disease  enlarges  rapidly  to  form  irregular  salmon-pink  or 
copper  patches  up  to  3  inches  acros.s.  Masses  of  the  pink 
spores  can  be  seen  on  leaves  when  they  are  wet  with  dew.  The 
fungus,  Gloeoceropora  sorghi,  develops  in  benlgrass  in 
early  to  midsummer.  Copper  spot  and  dollar  spot  look 
similar,  and  it  is  not  unusual  for  them  to  appear  together  or  in 
the  same  area.  Recommended  contmls  are  similar  to  those 
for  dollar  spot. 

Fusarium  blight.  This  may  be  the  most  serious  disease  in 
bluegrass  today.  The  relative  tolerance  of  new  bluegrass 
cultivars  now  on  the  market  will  be  known  only  after  they're 
grown  for  3  or  more  years  under  stress  conditions.  In  1959,  a 
severe  blight  epidemic  was  reported  in  Pennsylvania.  Widiin  a 
year,  six  other  states  reported  similar  damage.  Fusarium 
roseum  is  known  as  a  root  and  crown  pathogen  of  turfgrass. 
The  name,  Fusarium  blight,  indicates  that  the  leaf  is  also 
affected. 

During  the  leaf-blight  stage,  stunted,  light-green  patches 
of  turfgrass,  from  2-6  inches  across,  change  within  48  hours 
to  a  dull  reddish  brown,  then  to  tan,  and  fmally  to  a  straw 
colon  In  time,  more  or  less  circular  patches  from  6-24  inches 
across  develop  a  reddish  outer  circle,  which  indicates  slow, 
continued  activity.  A  few  tufts  of  green  tillers  may  show  in 
the  center  of  the  affected  area  indicating  that,  while  the 
disease  progressed  outward,  a  few  new  rhizomes  and  tillers 
escaped  damage  and  were  able  to  emerge  and  produce  new 
leaves.  Extension  of  the  circles,  or  coalescence,  occurs  when 
weather  favors  the  disease. 

High  soil  temperature  is  the  key  contributor  Where  sunny 
areas  were  more  than  50  percent  affected,  turfgrass  in  the 
afternoon  shade  patterns  of  trees  and  in  excessively  irrigated 
spots,  such  as  around  poorly  adjusted  sprinklers,  did  not 
show  any  disease.  Reduced  air  circulation  and  high  humidity 
contribute  to  high  soil  temperatures.  Thatch  serves  as  a 
blanket,  holding  heat  and  moisture  and  keeping  the  cooling 
evaporation  from  the  soil.  Slopes  facing  south  are  first 
affected  because  of  more  direct  exposure  to  the  sun.  Soils  low 
in  moisture  content  do  not  have  the  cooling  advantage  of 
evaporation. 

High  levels  of  available  nitrogen  favor  drouth  by  causing 
increased  water  use  by  the  turfgrass  and  excessive  growth  of 
the  thin-walled  cells  which  then  require  frequent  mowing. 
This  enhances  the  chance  of  infection  through  cut  leaf  tips. 
Drouth  signs  show  quickly  when  the  plant  has  only  short 
roots  near  the  surface. 

Nematodes  favor  Fusarium  blight  by  feeding  on  the  roots. 
These  feeding  sites  serve  as  points  for  infection  as  well  as  to 
shorten  the  roots  and  increase  drought  stress. 

Damping-off  (seed  rot).  Spotty  turfgrass  seedling  stands 
are  produced  when  the  seed  decays  and  turns  black  within  the 
soil.  Damping-off  can  cause  new  grass  seedlings,  initially 
uniform,  to  appear  stunted,  water  soaked,  and  yellow  beforq^ 
they  wilt  and  collapse.  With  high  humidity,  ''cottony'*' 
mycelia  cover  the  affected  plants.  Shoots  of  some  plants 
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decay  at  the  soil  line.  Damage  can  develop  within  a  few  hours 
under  favorable  conditions. 

Low  light  intensity  heightens  the  degree  of  damage,  as 
does  a  shortage  of  calcium  (thin  cell  walls).  Excessive 
available  nitrogen  contributes  most  to  susceptibility.  Active 
decay  of  thatch,  in  which  mycelium  is  growing  saprophytically, 
and  continued  surface  soil  wetness  provide  ideal  conditions 
for  the  seed  damage.  Cooler,  drier  weather  may  abruptly 
stop  damage.  Pythium,  Fusarium,  and  other  pathogens  may 
be  active  at  the  same  time. 

Damping-off  is  particularly  a  problem  in  Southern 
climates  where  fall  overseeding  into  bermuda  is  practiced. 
Persistent  periods  of  warm  weather  combined  with  frequent 
watering  of  the  seedbed  favors  sudden  seedling  losses. 

Mildew.  White  mycelia  on  the  upper  and  lower  surfaces  of 
leaves  may  be  powdery  mildew,  Erysiphe  graminis.  In  the 
early  stages,  the  powdery  material  may  be  scraped  off  and  the 
green  leaf  will  appear  normal  underneath.  In  time,  tlie  mass 
penetrates  the  leaf  surface,  and  yellowish  lesions  develop. 
Entire  leaves  become  yellow  and  gradually  turn  brown.  Very 
minute,  black  structures  develop  in  the  cottony  mass  and  give 
a  peppered  appearance.  These  spores  and  some  mycelia  may 
live  over  winter.  The  fungus  is  an  obligate  parasite;  i.e.,  it 
lives  on  the  live  host. 

Powdery  mildew  is  enhanced  by  low  light  intensity, 
minimal  air  circulation,  and  cooler  air  temperatures.  In  the 
Midwest,  Merion  bluegrass  lawns  on  the  north  side  of  houses 
arc  often  severely  damaged  by  the  mildew.  Changing  grasses 
either  from  susceptible  to  resistant  bluegrass  strains,  or  to  the 
fine-leaved  red  fescues  or  bentgrasses  may  be  the  best 
solution  for  such  areas. 

Spring  dead  spot.  Spring  dead  spot  is  just  what  the  name 
implies.  Circular  areas  of  dead  bermuda  grass  are  likely  to 
recur  each  spring.  The  rcgrowlh  and  rooting  in  the  area  is 
slow.  We've  been  aware  of  the  disease  since  1936  and  have 
done  research  on  it  since  1954,  but  we  still  don't  know  the 
specific  causal  organism. 

Faity  rings.  The  disfigurement  of  turfgrass  areas  may  be 
reduced  by  early  recognition  and  understanding  of  fairy  ring. 
It  is  caused  primarily  by  Marasmium  oreades,  Lipiota 
morgani,  and  Aquaricus  campestris.  The  circles  created  by 
fairy  ring— at  times  green,  at  times  brown,  with  or  without 
mushrooms— recur  in  an  ever-enlarging  pattern.  When  the 
circles  created  by  the  disease  meet,  the  p-^thogen  activity 
seems  to  terminate,  but  odd  con^  urations  are  formed.  The 
organisms  causing  fairy  rings  are  lungi  of  the  large  group  of 
basidiomycetes,  some  of  which  produce  mushrooms  and 
puffballs .  As  the  mycelium  spreads  through  the  soil ,  it  breaks 
down  the  organic  matter,  including  thatch.  The  mass  of 
mycelia  densely  permeating  the  soil  depletes  the  moisture 
and  reduces  normal  penetration  of  water  until  drought  causes 
the  brown  rings  of  dead  turfgrass. 


Exercise  (84^: 

Does  each  statement  below  refer  to  brown  patch,  dollar  spot, 
copper  spot,  Fusarium  blight,  damping-off,  mildew,  spring 
dead  spot,  or  fairy  dead  rings? 

  1.  Heavy  dew,  low  nitrogen,  and 

temperatures  of  60*^-80*^  F  favor 
this  disease. 


2.  This  is  potentially  the  most  serious 
disease  of  bluegrass  today,  attacking 
both  the  plant  root  and  leaf. 

3.  This  disease  spreads  gradually  in 
circles  along  the  ground,  developing 
a  characteristic  ** smoke  ring" 
when  conditions  permit. 

4.  As  this  disease  spreads  through  the 
ground,  it  breaks  down  oiganic 
matter,  including  thatch,  depleting 
moisture  and  reducing  normal  water 
penetration. 

5.  In  early  stages  of  this  disease,  a 
powdery  material  can  be  scraped 
off  and  the  plant  will  appear  normal 
underneath, 

6.  This  disease  causes  circular  areas 
of  dead  bermuda  grass  to  reappear 
each  spring. 

7.  This  disease  can  cause  new  grass 
seedlings  to  appear  stunted,  water- 
soaked,  and  yellow  before  they 
wilt  and  collapse. 

8.  High  temperatures,  dew,  and  dense 
turfgrass  growth  favor  this  disease. 

9.  This  disease  is  characterized  by 
small  yellow-green  blotches  on 
turfgrass  blades;  small  spots  tend 
to  grow  together. 

10.  As  this  disease  progresses,  very 
small  cottony  masses  and  a  peppered 
appearance  develop. 

11.  High  soil  temperature  contributes 
greatly  to  the  spread  of  the  disease, 
as  well  as  high  available  levels  of 
nitrogen, 

12.  This  disease  begins  as  small, 
reddish  spots  and  enlarges  rapidly 
to  form  irregular  salmon-  or  copper- 
colored  patches. 


847.  Cite  factors  in  turfgrass  disease  control. 

The  endless  variety  and  complexity  of  the  many  fungus 
disease*^  of  plants  have  led  to  the  development  of  a 
correspondingly  larger  number  of  approaches  to  their 
control.  The  particular  characteristics  in  the  life  cycle  of  each 
fungus,  its  habitat  preferences,  and  its  performance  under 
certain  enviromental  conditions  are  some  of  the  most 
important  points  to  consider  in  trying  to  control  a  plant 
disease  caused  by  a  fungus.  The  use  of  treated  seeds  is  aJways 
recommended  and,  for  control  of  certain  diseases,  it  is 
mandatory.  Destruction  of  plant  parts  or  refuse  harboring 
the  fungus  spores,  use  of  clean  tools  and  containers,  proper 
drainage  of  lawns  and  fields,  and  proper  aeration  of  soil  and 
plants  arc  all  very  important  practices  in  the  control  of  most 
plant  diseases  caused  by  fungi.  Most  fungicides  are  used  to 
prevent  diseases  on  the  aboveground  parts  of  the  plants  and 
arc  applied  on  the  foliage  as  sprays  or  dusts.  Many  of  these 
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are  protectants,  since  they  can  only  prevent  ftingi  from 
causing  infection  but  cannot  stop  an  infection  once  it  has 
started. 

Identifying  TUrfgrass  Diseases.  Identifying  turf  diseases 
alone  is  not  an  easy  task ,  You  may  need  to  ask  a  county  agent 
or  other  authority  to  make  a  final  determination  as  to  what 
turf  disease(s)  exist  in  a  given  area.  Here  are  some  general 
principles  you  should  keep  in  mind  when  you're  confronted 
with  a  possible  turf  disease  situation. 

a.  The  part  of  a  turfgrass  plant  that  is  visibly  damaged 
cannot  be  saved. 

b.  The  disease-producing  pathogens  attack  individual 
leaves,  sheaths,  tillers,  and  roots  of  the  plant, 

c.  Each  pathogen  operates  within  a  range  of  environmental 
conditions  in  which  it  produces  visible  turfgrass  disease 
symptoms. 

d.  TVvo  or  more  diseases  are  often  active  at  the  same  time 
in  the  same  area,  adding  to  the  difficulty  of  identification. 

e.  Most  fungicides  serve  to  coat  the  leaf  surface, 
protecting  it  from  infection  by  killing  or  inhibiting  the  growth 
of  the  mycelia  or  germ  spores  before  the  leaf  tissue  is 
penetrated. 

/  Fungicides  are  normally  effective  on  the  plant  from 
3-21  days,  but  when  they're  diluted  by  rainfall,  dew, 
biodegradation,  ultraviolet  (UV)  light,  and  new  growth,  the 
protection  may  be  inadequate. 

g.  A  preventive  program  of  disease  control  is  preferred 
for  important  turfgrass  areas. 

h.  After  the  disease  shows  curative  programs  help  the 
damaged  area  recover.  You  may  need  two  treatments,  5  to  10 
days  apart,  to  break  the  disease  cycle  (because  of  different 
stages  of  disease  development). 

I.  Many  turf  management  practices  are  attempts  to  favor 
plant  survival  in  spite  of  disease. 

j.  Chemical  misuse  is  costly,  may  be  potentially 
hazardous,  and  often  leads  to  disappointing  results. 


Factors  Affecting  Itarf  Diseases.  Climate  is  a  major 
factor  in  the  prevalence  of  turfgrass  diseases  and  their 
control.  In  areas  where  high  humidity  and  other  stresses  favor 
diseases,  20  applications  of  fungicides  may  be  needed  in  1 
year,  but  where  the  humidity  is  low  and  the  weather  is  dry, 
the  same  turfgrass  used  in  the  same  way  may  do  well  for  years 
without  a  single  fungicide  treatment. 

A  change  in  weather  usually  alters  the  severity  of  the 
disease  pattern.  Mycelial  growth  is  drasL  jaUy  reduced  as  the 
humidity  drops,  the  wind  increases,  and  the  sun  dries  the 
surface  of  the  turfgrass  areas.  Rapid  leaf  replacement  fevorcd 
by  good  nutrition,  irrigation,  and  mowing  at  fevorable  heights 
can  be  effective  in  reducing  turf  diseases.  Rain,  dew,  and 
humidity  vary  daily.  The  desert  climate  fiavore  minimal  disease 
activity.  Hot,  humid  periods  in  the  midwest  can  assure  danger, 
sometimes  disaster  to  turfgrasses.  However,  turf  managere 
generally  can  minimize  the  damage  created  by  disease  by 
being  aware  of  the  needs  and  responses  of  the  turfgrass  plant. 
Some  precautionary  measures  are: 

a.  Remove  dew  early  in  the  day  by  poling,  hose  dragging, 
syringing,  or  mowing  in  an  effort  to  dilute  dew  and  dry  the 
leaf  before  air  temperatures  become  optimal  for  many  of  the 
diseases. 


6,  Irrigate  the  turfgrass  when  the  leaf  is  already  wet  with 
dew  instead  of  in  later  afternoon, 

c.  In  stress  periods  avoid  night  watering.  Midday 
watering  cools  the  plant  and  allows  the  leaf  to  dry  soon  after 
the  cooling. 

d.  Delay  work  on  an  area  that  shows  signs  of  a  disease.  It 
may  be  helpful  to  mow  a  green  showing  stress  only  during  the 
dry  afternoon,  only  half  as  often,  and  only  portions  near  the 
cup.  Young  turfgrass  seedlings  are  easily  damaged  during 
the  mowing  process. 

e.  If  an  area  shows  indications  of  weakness,  topdressing 
may  be  helpful.  This,  in  effect,  raises  the  height  of  cut. 


Controlling  Hirf  Diseases.  As  you  will  recall  from 
Volu»ne3,  Chapter  2,  there  are  a  number  of  fungicides  you  may 
use  to  control  various  turf  diseases.  However,  most  of  these 
products  will  give  optimum  results  only  when  they're 
coupled  with  other  efforts  designed  to  reduce  opportunities 
for  disease-causing  organisms.  Here  are  some  guidelines  for 
managing  various  turf  diseases. 

Fusarium  blight  control.  In  turfgrass  areas  subject  to  the 
disease,  use  a  pre-emergent  crabgrass  control  to  reduce 
mfestation  and  competition.  It  can  permit  faster  fall  recovery 
of  the  existing  grasses. 

Early  summer  cultivation  and  improved  ventilation  by 
intense  coring  (several  passes  of  the  machine  in  one  day)  will 
open  the  thatch,  let  the  heat  escape,  and  insure  water 
penetration.  This  special  management  may  help  avoid 
damage  in  **near"  normal  cool  seasons. 

Use  moisture  to  help  air  condition  the  soil.  As  hot,  humid, 
stress  periods  continue,  apply  water  midday  until  the  weather 
changes.  This  cools  the  soil  and  the  plant.  On  an  Ohio  golf 
course,  the  men's  tees  were  free  of  disease  but  adjacent  and 
less  watered  women's  tees  were  more  than  60  percent 
damaged  with  Fusarium  blight.  The  turf  under  the  cooling 
effect  of  shade  trees  and  wet  areas  was  undamaged  while 
other  open,  sunny  turfgrass  areas  were  severely  damaged. 

Fungicides  for  control  of  Fusarium  blight  include 
systemics,  such  as  benomyl,  mancozeb,  and  thiabendazole. 
There  arc  limitations,  however.  One  application  made  on  an 
obviously  diseased  bluegrass  plot  resulted  in  an  £  percent 
survival  of  bluegrass  while  the  check  plot,  untreated,  had 
only  52  percent  bluegrass  survival.  The  standard  recommended 
rate  is  4-8  oz/1,000  sq.  ft.  of  a  50  percent  wettable  powder 
(WP)  formulation.  Immediately  after  application,  water  the 
chemical  into  the  root  zone  so  that  the  fungicide  can  enter  the 
roots  and  then  move  into  the  plant.  Watering  dry  soils  the  day 
before  treatment  and  applying  f\ingicide  while  dew  is  present 
aids  in  distribution  into  the  root  zones. 

Only  two  treatments  per  year  arc  suggested  since  new 
races  of  Fusarium  with  resistance  to  the  systemics  may 
develop.  The  first  protective  application  should  be  made  2 
weeks  before  symptoms  normally  appear.  Some  turf 
managers  recommend  curative  rate  applications  of  the 
fungicide  when  the  damage  first  becomes  visible. 

Damping  off  controL  Recommended  control  may  include 
cheniical  seed  treatment  with  thiram  before  planting. 
Additional  protection  for  stress  periods  may  include  an 
application  of  foliage  spray  io  the  emerging  seedlings  plus 
successive  treatments  every  3-5  days  until  the  seedlings  arc 


5ii 


well  established.  The  soil  pH  should  be  nearly  neutral,  and 
drainage  should  be  good. 

Fairy  ring  controL  There  are  fumigation  measures  you 
can  take  to  control  fairy  rings,  but  even  so,  eradication  is 
difficult.  The  most  practical  approaches  to  fairy  rir  are 
aeration,  overwatering,  and  wetting  agents.  Keeping  the  soil 
moist  reduces  or  prevents  the  browning  stage.  Coring  can 
assure  uniform  water  penetration  in  spite  of  mycelium. 
Spiking  and  dethatching  as  well  as  the  use  of  spot  treatments 
of  wetting  agents  can  be  helpful.  Injection  of  water  by 
pressurized  rx>ot  feeding  attachments  may  be  helpful. 
Deliberate  overwatering  to  saturation  tends  to  reduce 
mycelium  activity  and  to  modify  the  soil  temperature  which 
may  reduce  the  severity  of  the  damage. 

Brown  patch  controL  Recommended  treatment  for 
brown  patch  includes  reducing  the  available  nitrogen  and 
frequency  of  watering  and  maintenance  of  a  dry  turfgrass 
surface  by  watering  only  at  midday.  Numerous  fungicides 
are  available,  including  benomyl,  bayletoa,  and  maneb. 
Vapor  formed  from  the  mercurial  fungicides  inhibits  the 
spread  of  brown  patch  in  turfgrasses. 

Dollar  spot  controL  Most  fungicides  are  effective  in 
reducing  dollar  spot.  Cadmium  was  an  effective  antidote 
until  the  mid- 1 960' s,  when  tolerance  was  developed  by  some 
strains  of  the  fungus.  In  1971,  the  benzimidazole  systemics 
were  widely  acclaimed,  but  in  the  early  1970's,  certain 
strains  developed  resistance,  A  current  recommendation  is  to 
apply  systemics  alternately  with  contact  foliar  protectants. 
Cultural  control  measures  include  keeping  thatch  to  a 
minimum,  increasing  nitrogen  levels  in  the  soil,  and  watering 
deeply  when  necessary. 

Spring  dead  spot  controL  A  series  of  fungicides  used 
throughout  the  prior  season,  April  through  September,  can 
eliminate  any  spring  damage,  but  after  one  year  without 
fungicides  the  disease  tends  to  reappear.  In  areas  known  for 
spring  dead  spot,  use  more  intense  summer  and  early  fall 
renovation  along  with  reducing  thatch  and  cultivating  and 
aerating  soils  to  increase  bemiuda  grass  vigor. 


Exercise  (847): 

1 ,    How  long  are  turf  fungicides  normally  effective? 


2.    List  three  factors  that  may  reduce  the  effectiveness  of 
turf  fungicides. 


3,    What  impact  will  a  weather  change  often  have  on  disease 
growth? 


4,    What  fungicides  are  suitable  for  controlling  Fusarium 
blight? 


5,    How  may  thiram  be  used  to  control  damping-off? 


6,    What  are  the  most  practical  ways  to  control  tairy  ring? 


7,    What  arc  the  nonchcmical  contrc:)ls  tor  brown  patch? 


8,    What  cultural  controls  are  suitable  tor  helping  treat 
dollar  spot? 


848.  Cite  characteristics  of  various  ornamental  diseases. 

Diseases  of  Ornamentals.  Some  diseases  arc  categorized 
by  the  part  of  the  plant  they  attack.  Here,  we'll  cover  those 
that  attack  leaves,  stems,  and  roots.  We'll  also  cover  Dutch 
elm  disease,  a  fungal  disease  that  attacks  the  vascular  system 
of  an  infested  tree. 

Leaf  diseases,  A  wide  variety  of  disorders  affect  the 
leaves  of  shade  trees.  Perhaps  no  other  part  of  a  tree  has  been 
given  more  attention  by  ornamental  tree  researchers  than  the 
leaves.  Leaf  condition  is  often  thought  to  be  a  primary 
indicator  of  the  health  of  a  tree.  Although  leaves  sometimes 
accurately  show  tree  health,  in  other  cases  a  spectacular 
abnormality  of  the  leaves  may  be  of  little  importance  to  the 
health  of  the  tree.  The  importance  of  a  leaf  disease  on  a  shade 
tree  depends  upon  the  type  of  tree  infected  and  its  previous 
health  history,  as  well  as  the  type  and  severity  of  the  disease. 

Since  many  species  of  fungi  can  cause  leaf  diseases  and 
because  there  are  many  species  of  hardwoods,  there  are  very 
many  diseases.  Harciwood  leaf  diseases  are  grouped  into 
these  six  categories  (Fig.  3-1): 

(1)  Leaf  spot— Dead  area  that  is  well  defined  from  healthy 
tissue, 

(2)  Leaf  blotch— Dead  area  that  often  diffuses  into  the 
healthy  tissues, 

(3)  Anthracnose— Irregular  dead  areas  on  leaf  margin, 
between  and  across  or  along  veins,  often  moving  onto  the 
shoots  and  small  twigs;  sometimes  whole  leaves  are 
engulfed, 

(4)  Powdery  mildew— Superficial  growth  of  white  to 
gray-white  fungus  material  on  leaves  and  shoots, 

(5)  Leaf-blister— Leaf  spot  or  blotch  that  is  swollen  or 
raised,  so  that  the  area  appears  blisterlike  on  the  upper 
surface  of  the  leaf. 

(6)  Shot-hole— Loss  of  dead  areas  inside  spots  that  result 
in  n  series  of  holes  in  the  leaf. 

The  fungi  that  attack  each  tree  species  usually  are 
different  but  often  have  >.inilar  life  cycles  on  hardwood 
leaves.  Most  fungal  pathogens  of  hardwood  leaves  are 
dormant  in  the  dead  leaves  on  the  ground  or  attached  to  the 
tree  during  the  winter.  Some  pathogens  survive  in  the  buds  or 
on  dead  twigs  and  branches.  In  the  spring  during  wet  weather 
the  pathogens  become  active  and  discharge  spores  that  are 
carried  by  wind  and  rainsplash  and  land  on  the  young 
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Figure  3-1 .  Symptom  categories  of  hawiwood  leaf  disease. 


expanding  leaves.  The  spores  quickly  germinate  and 
penetrate  the  leaves.  By  summer  this  infection  produces 
symptoms  similar  to  one  of  the  other  categories.  During 
summer  more  spores  are  produced  in  these  infected  areas, 
which  can  cause  leaf  infections  during  wet  weather.  These 
secondary  spores  are  also  spread  by  wind  and  rai>: splash. 
Thus  during  wet  growing  seasons  a  considerable  buildup  of 
infections  on  a  tree  can  occur. 

Stem  diseases.  Stem  diseases  are  caused  by  the  formation 
of  lesions  (dead  areas)  on  the  bark-cambium  tissues.  The 
death  of  these  tissues  is  usually  associated  with  a  mechanical 
injury,  such  as  a  broken  branch,  and  it  extends  radially  from 
the  wound.  This  localized  lesion,  called  a  canker,  may  form 
on  the  trunk,  the  branches,  or  the  twigs. 

Cankers  vary  considerably  in  size  and  shape.  A  canker  on 
a  woody  plant  indicates  a  host-parasite  interaction  that  may 
last  for  several  years.  A  typical  sequence  for  canker 
development  is:  (1)  the  pathogen  enters  the  host  through  a 
wound  and  invades  and  kills  healthy  bark,  usually  during  a 
dormant  period;  (2)  the  host  trys  to  limit  pathogen  invasion 
by  forming  a  layer  of  callus  (a  mass  of  thin- walled  cells)  over 
the  edge  of  the  infected  tissue;  (3)  the  pathogen  invades  the 
callus  tissue  during  the  next  dormant  period;  and  (4)  the  host 


forms  new  callus.  Steps  3  and  4  may  be  repeated  each  year 
throughout  the  life  of  the  host.  The  form  of  the  resulting 
canker  will  be  determined  by  the  rate  of  pathogen  movement 
and  the  amount  of  callus  formation. 

Most  cankers  can  be  placed  into  three  groups;  target 
cankers,  diffuse  cankers,  and  canker  blights.  Cankers  that 
are  roughly  circular,  with  abundant  callus  throughout  the 
canker  face  and  at  the  margin  are  called  target  cankers.  The 
pathogen  spread  in  target  cankers  is  relatively  slow  and  in 
most  cases  the  tree's  radial  increase  in  growth  is  about  the 
same  as  the  radial  growth  of  the  canker.  Diffuse  cankers  are 
elongated  ovals,  with  little  callus  at  the  margin.  The  pathogen 
spread  in  diffuse  cankers  is  faster  than  in  target  cankers,  so 
little  callus  forms  ahead  of  the  canker.  Diffuse  cankers 
enlarge  faster  than  the  radial  growth  of  the  tree  and  often 
girdle  trees  after  several  years'  infection.  Cankers  which  ?re 
circular  to  elliptical,  but  contain  little  or  no  callus,  and 
increase  rapidly  during  a  single  season  are  termed  canker 
blights.  The  pathogen  spread  in  canker  blights  is  extremely 
rapid;  therefore,  branches  and  even  whole  trees  are  often 
girdled  in  a  single  season. 

Most  canker  fungi  are  restricted  to  invasion  of  bark 
tissues,  but  some  can  attack  both  the  bark  and  the  underlying 
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xylem.  Stem  diseases  that  come  from  a  simultaneous  canker 
and  woody  decay  are  called  canker  rots. 

Root  diseases.  The  health  of  the  root  system  is  probably 
the  most  important  factor  in  the  total  health  of  a  tree,  but  most 
people  look  first  at  the  leaves,  then  the  stem,  and  last,  if  at  all , 
the  roots.  The  trunk,  branches,  and  leaves  can  only  grow  at 
the  rate  permitted  by  the  condition  and  growth  of  the  root 
system.  The  initial  symptoms  of  most  root  diseases  are 
similar;  slow-to-rapid  decline,  and  death  of  the  tree,  usually 
beginning  in  the  upper  branches.  Since  a  large  part  of  the  root 
system  is  often  killed  before  obvious  symptoms  appear,  it  is 
very  hard  to  control  root  diseases  after  dec^line  symptoms 
appear.  Root  diseases  seem  even  more  myster  ious  because  of 
the  lag  between  our  knowledge  of  roots  and  our  knowledge  of 
other  parts  of  the  tree.  Let's  look  first  at  the  growth  and 
function  of  roots  before  we  move  on  to  specific  root  diseases. 
Careful  examination  of  roots  around  standing  trees  shows 
that  most  roots  stay  in  the  top  1 8  inches  of  soil  and  that  most  of 
the  small  roots  are  in  the  top  few  inches  of  soil .  It  is  easy  to  see 
why  the  tree's  roots  are  so  easily  injured  by  even  minor 
disturbances  of  the  soil  around  them  and  also  why  trees  are  so 
sensitive  to  the  condition  of  the  upper  soil  layers. 

We  once  thought  that  roots  absorbed  soil  nutrients  and 
water  directly  through  the  root  hairs  on  the  feeder  roots,  but 
most  absorption  takes  place  through  structures  formed  with 
the  feeder  roots  by  beneficial  fungi.  These  structures  formed 
by  the  feeder  roots  and  the  fungi  are  called  mycorrhizae. 
Practically  all  forest  trees  and  most  other  plants  are  now 
known  to  form  mycorrhizae. 

The  tree,  therefore,  is  actually  a  dual  organism  that  is  part 
plant  and  part  root-inhabiting  fungus.  The  cortical  tissues  of 
the  young  roots  are  invaded  by  these  specialized  beneficial 
fungi  in  a  relationship  that  benefits  both  oi^ganisms.  The 
formation  of  mycorrhizae  aids  water  and  mineral  absorption 
for  the  tree,  and  the  fungus  in  turn  gets  needed  organic 
compounds  from  its  association  with  the  tree. 

Many  fungi  that  cause  root  diseases  are  facultative 
parasites  commonly  found  growing  in  the  soil  on  organic 
matter  such  as  dead  roots  or  stumps.  From  this  base  living 
trees  are  continually  attacked,  T\^es  of  low  vigor  are  most 
easily  infected,  but  some  fungi  can  infect  vigorous  trees. 
Some  root  disease  fungi  penetrate  directly  into  healthy  roots, 
but  most  gain  entrance  through  wounds  in  the  lower  trunk, 
buttress,  and  roots.  They  also  enter  at  root  contacts  and 
grafts,  where  healthy  and  infected  roots  are  in  contact  or  are 
fused.  These  points  are  common  when  trees  of  the  same 
species  ar  growing  next  to  each  other  and  their  root  systems 
are  intermeshed.  Once  they're  established,  these  fungi 
progressively  kill  the  roots  by  girdling,  eventually  moving 
into  the  buttress  area  and  sometimes  into  the  lower  trunk.  The 
underlying  wood  may  or  may  not  be  decayed,  depending  on 
the  fungus  involved.  Infected  trees  are  killed  most  often  by 
girdling  of  the  lower  truck  or  buttress,  but  they  may  also  fall 
victim  to  '*wind  throw"  from  extensive  decay  in  the  root 
system. 

Most  root  disease  fungi  produce  specialized  structures  for 
survival  or  movement  in  the  soil.  These  may  be  reproductive 
structures,  such  as  thick-walled  or  motile  spores,  or 
vegetative  structures  that  enable  translocation  or  storage  of 
materials.  Some  fungi  produce  windblown  spores  that  are 
important  for  long-range  disease  spread.  Since  most  fungus 


pathogens  of  tree  roots  are  widespread,  the  local  movement 
of  the  pathogen  in  the  soil  and  its  movement  from  one  shade 
tree  to  an  adjacent  one  arc  of  most  concern, 

Dutch  elm  disease.  Dutch  elm  disease,  caused  by 
Ceratocystis  ulmi.  is  the  most  devastating  disease  of  elm  trees 
in  the  United  States,  It  has  been  recorded  in  most  states  east 
of  the  Mississippi  and  as  far  as  Idaho  in  the  Northwest  and 
Texas  in  the  Southwest,  All  of  the  native  elm  species  arc 
susceptible,  while  many  of  the  ornamental  Asiatic  species  are 
highly  resistant, 

TtQCS  suffering  from  Dutch  elm  disease  may  show  a 
variety  of  symptoms  (fig,  3-2),  Leaves  become  yellow,  wilt, 
and  turn  brown.  Premature  defoliation  and  death  of  branches 
usually  makes  the  crown  seem  thin  and  sparse.  Internally,  a 
brown  discoloration  appears  in  the  outer  sapwood,  C,  ulmi  is 
transmitted  from  diseased  to  healthy  elms  by  elm  bark 
beetles,  mainly  the  small  European  elm  bark  beetle  and  the 
native  elm  bark  beetle.  These  beetles  make  characteristic 
galleries  under  the  bark  of  dead  and  dying  elms ,  Adult  beetles 
pick  up  the  sticky  fungus  spores  from  under  the  bark  and  then 
feed  on  the  young  tender  elm  twigs  of  healthy  trees, 
inadvertently  inoculating  the  healthy  tree  with  the  fungus. 
The  fungus  may  also  spread  from  diseased  elms  to  adjacent 
healthy  elms  through  root  grafts. 


Exercise  (848): 

1 ,    Match  the  condition  in  column  B  with  its  idcnti  fication  in 
column  A, 


Column  A 

(1)  This  series  of  holes  in  a  leaf  is  a 
result  of  the  loss  of  dead  areas 
inside  spots, 

(2)  These  diseases  can  move  through 
the  soil  from  one  tree  lo  another. 

(3)  This  dead  area  on  a  leaf  often 
diffuses  into  the  healthy  tissues. 

(4)  This  disease  causes  a  superficial 
growth  of  white  to  grey-white 
fungus  material  on  leaves  and 
shoots, 

(5)  This  is  a  dead  area  on  the  leaf 
that's  well  defined  from  healthy 
tissue, 

(6)  These  cankers  are  elongated 
ovals  with  little  callus  at  the 
margin, 

(7)  This  stem  disease  has  cankers 
that  are  roughly  circular  with 
abundant  callus  throughout  the 
canker  face, 

(8)  On  trees  with  this  condition, 
leaves  become  yellow,  wilt,  and 
then  turn  brown, 

(9)  This  disease  causes  irregular 
dead  areas  on  the  leaf  margin  in 
early  stages;  sometimes  whole 
leaves  are  engulfed. 

_(I0)  These  cankers  are  circular  to 
elliptical,  but  contain  little  or  no 
callus.  They  increase  rapidly 
during  a  single  season. 

_(11)  This  disease  causes  swollen  or 
raised  blotches  causing  the 
upper  surface  of  the  leaf  to 
appear  blisterlike. 


Column  B 

a.  Leaf  spot. 

b.  Leaf  blotch. 

c.  Anthracnose. 

d.  Powdery  mildew. 

e.  Leaf-blisier. 

f.  Shot-hole. 

g.  Target  canker. 

h.  Diffuse  cankers. 

i.  Canker  blight. 

j.  Root  disease  fungi, 
k.  Dutch  elm  disease. 
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Figure  3-2 .  Disease  cycle  of  Dutch  elm  disease. 
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849.  Cite  controls  for  ornamental  diseases* 


Controlling  Diseases  of  Ornamentals.  Controls  for 
ornamental  diseases  are  usually  recommended  only  when  the 
tree's  health  is  poor  or  its  aesthetic  voluc  would  be  lost  from 
the  disease.  A  severe  infection  on  an  already  stressed  tree 
could  tip  the  balance  in  favor  of  invadiii^  micro-organisms 
and  thus  kill  a  valuable  tree.  In  this  case,  control  of  diseases  is 
not  only  desirable  but  essential  to  survival  of  the  tree. 
Although  a  leaf  disease  might  not  threaten  the  health  of  a 
shade  tree  it  could  cause  the  tree  to  lose  a  great  deal  of  its 
ability  to  cast  shade  and  also  change  its  aesthetic  effect  from 
positive  to  negative.  On  shade  trees,  therefore,  control  of  a 
hardwood  leaf  disease  can  also  be  justified  on  aesthetic 
grounds. 

Theating  leqf  diseases.  Hardwood  leaf  diseases  can  be 
controlled  by  protecting  against  infection  with  fungicides  or 
by  using  resistant  varieties.  Fungicides  can  be  used 
effectively  to  protect  the  trees  against  infection  from  most 
leaf  pathogens  by  spraying  at  or  before  bud  break  and  then 
every  2  weeks  until  about  mid-June,  with  additional  sprays  if 
there's  prolonged  wet  weather  in  late  spring.  The  key  to 
fungicidal  control  of  leaf  diseases  is  to  apply  materials  before 
infection  starts  and  subsequent  symptoms  develop.  Most 
residents  don't  recognize  leaf  diseases  until  the  symptoms 
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are  extensive.  They  often  request  that  sprays  be  applied  to 
make  the  symptoms  on  the  trees  disappear.  It  is,  of  course, 
impossible  to  rid  a  tree  of  symptoms  during  the  growing 
season,  since  the  affected  leaf  tissues  are  already  dead.  Tell 
them  that  this  year  you  can  only  prevent  further  infection  by 
spraying,  and  the  control  efforts  must  start  early  the  next  year 
to  keep  the  disease  from  recurring.  Resistant  varieties  arc 
available  for  many  of  the  tree  species  that  are  .acked  by 
particularly  troublesome  leaf  diseases.  When  new  trees  are  to 
be  planted,  encourage  the  people  responsible  to  choose  or 
rcconmiend  these  resistant  varieties  to  avoid  the  needless 
future  expense  of  spraying.  Use  of  resistant  varieties  is  most 
warranted  for  street  and  park  trees,  because  they  are  always 
highly  visible. 

Most  people  will  bum  infected  leaves  in  the  fall  in  an 
effort  to  remove  potential  sources  of  inoculum  for  the  tree, 
but  many  leaf  pathogens  overwinter  on  the  tree:  in  the  budsi 
on  the  bark  or  on  dead  twigs.  Besides,  the  spores  that  infect 
leaves  may  also  travel  great  distances  in  the  wind;  so  that  the 
removal  of  local  sources  of  inoculum,  such  as  from  around 
the  base  of  the  tree,  may  have  no  effect  on  reducing  disease 
severity.  Dry  leaves  break  up  during  raking,  and  many  pieces 
arc  left  in  the  grass.  Therefore,  removal  of  fallen  leaves  gives 
little  or  no  control  of  most  leaf  diseases. 

Theating  stem  diseases.  Stem  diseases  can  be  minimized 
by  avoiding  all  unnecessary  wounds  and  by  promptly  treating 
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any  wounds  you  make  during  pruning,  cabling,  or  any  other 
form  of  essential  wounding.  You  can  control  a  stem  disease 
only  by  removing  all  infected  tissues.  You  can  easily  remove 
cankers  on  small-  to  medium-sized  branches  by  pruning,  but 
you  must  remove  cankers  on  the  trunk  or  on  large  branches 
critical  to  the  tree's  value  by  surgical  excision.  Surgical 
excision  is  similar  to  wound  treatment  around  trunk  wounds, 
except  that  you  may  need  to  remove  some  healthy  bark 
around  fast  growing  cankers  to  be  sure  you've  got  all  the 
infected  tissue.  Host  vigor  is  a  contributing  factor  in  the 
susceptibility  of  trees  to  many  stem  diseases.  In  general,  trees 
in  poor  vigor  cannot  heal  wounds  and  prevent  the  invasion  of 
canker  fungi  as  well  as  trees  with  plenty  of  moisture  and 
balanced  soil  nutrients,  so  prevention  includes  therapeutic 
treatments  for  stem  diseases,  regular  watering,  and  application 
of  balanced  fertilizers. 

Theating  root  diseases.  Root  diseases  can  be  minimized 
by  keeping  trees  vigorous  and  avoiding  wounds  in  the  root 
system  and  near  the  base  of  the  tree.  Once  a  tree  is  infected, 
the  disease  is  hard  to  control.  A  thorough  examination  of  the 
ixx)t  system  near  the  trunk  can  help  you  find  the  extent  of  the 
infection.  In  severe  cases  where  most  of  the  roots  are  dead  or 
the  trunk  is  almost  girded,  removal  is  recommended.  If  only 
a  few  roots  are  infected,  therapy  may  delay  the  disease 
progression  almost  indefinitely.  Since  infected  trees  are 
often  suffering  from  some  previous  stress,  you  must  restore 
their  vigor.  Regular  watering  and  fertili7ntion  will  help,  and 
pruning  the  crown  will  help  balanc  ^     ss.  Excise  any 

infected  bark  on  the  buttress  roots  an  iv. 

Before  you  replant  in  the  same  area  vvhere  a  tree  has  died 
from  root  disease,  remove  as  much  of  the  dead  stump  and 
roots  as  possible.  Replace  or  fumigate  soil  that's  infected 
with  the  pathogen.  Newly  planted  trees,  in  general,  are  quite 
susceptible  to  root  diseases.  Use  soil  fumigation  or  trenching 
around  an  infected  tree  to  protect  susceptible  woody  plants 
from  the  spread  of  the  pathogen  in  the  soil. 

Treating  Dutch  elm  disease.  Presently,  control  of  Dutch 
elm  disease  in  the  United  States  is  attempted  primarily  through 
sanitation  and  through  chemical  control  of  the  insect  vectors  of 
the  fungus.  Sanitation  involves  the  removing  and  destroying  of 
weakened  or  dead  elm  trees  and  elm  logs,  thus  destroying  the 
larvae  in  them  or  denying  the  insect  and  the  funguc  their  over- 
wintering habitat.  Pruning  out  infected  twigs  and  branches 
will  sometimes  eliminate  the  disease.  Control  of  the  insect 
vector  by  chemicals  involves  spraying  the  healthy  elm  trees 
while  they're  dormant  and  in  the  spring  with  a  residual  spray, 
such  as  malathion.  A  fungicide,  Tfebuthiuron,  has  been  used 
recently  against  the  disease.  This  is  applied  by  injection  into 
the  tree  trunk  in  varying  amounts  depending  on  the  tree's  size. 
Also,  a  soil  fiimigant,  Vapam,  can  be  used  between  elm  trees 
to  kill  the  roots  and  prevent  spread  by  root  grafts  between  adja- 
cent trees. 


Exercises  (849): 

1.    Under  what  conditions  are  'Control  measures  usually 
recommended  for  diseases  of  rees? 


2.    What  are  the  two  principle  methods  of  controlling 
hardwood  leaf  diseases? 


3 .    When  should  you  apply  fungicides  to  treat  leaf  diseases? 


4.    List  3  reasons  raking  and  burning  leaves  may  not  help 
reduce  opportunities  for  leaf  disease  infections. 


5.    What  is  the  only  way  stem  diseases  can  be  controlled? 


6.    How  can  root  diseases  be  minimized? 


7.    What  controls  are  generally  recommended  when  a  tree's 
roots  are  partially  infected?  When  they're  mostly  dead? 


8.    List  sanitation  measures  for  Dutch  elm  disease. 


9.    What  chemical  controls  help  in  treating  Dutch  elm 
disease? 


850,  Cite  general  characteristics  of  nematodes. 


Nematodes.  Nematodes  are  often  serious  plant  pests  that 
require  control.  Nematodes,  or  eelworms,  belong  to  the  class 
Nematoda  of  the  phylum  Nemathelminthes.  Most  mature 
nematodes  are  quite  small,  requiring  magnification  to  be 
seen,  but  some  parasitic  roundworms  grow  almost  a  yard 
long.  Nematodes  are  found  nearly  everywhere  in  nature, 
from  arid  deserts  and  hot  springs  to  polar  seas  and  ice  caps, 
and  from  beach  sands  to  the  bottoms  of  lakes  and  rivers. 
Many  are  free  living,  while  others  are  parasites  of  plants  and 
animals.  Over  50  species  live  in  or  on  humans.  It  has  been 
estimated  that  as  many  as  80,000  species  prey  on  vertebrate 
animals,  that  a  larger  number  of  species  infest  invertebrate 
animals,  and  that  a  still  greater  number  are  parasites  of  plants 
or  are  free  living  in  soil  or  water.  The  total  number  of 
individual  nematodes  is  beyond  human  comprehension.  A 
tablespoonfiil  of  ooze  from  the  sea  bottom  may  contain 
thousands,  and  the  top  acre-foot  of  cultivated  soil  may 
contain  many  billions.  Most  nematodes  in  the  soil  are 
harmless,  and  some  are  even  beneficial  to  human  purposes. 
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They  are  one  of  the  most  important  biological  and 
mechanical  factors  in  soil  building.  The  nematodes  \ve*rc 
concerned  with  here  are  parasites  of  plants.  Some  damage  the 
roots,  some  the  stems,  some  the  leaves,  and  some  the  seeds  of 
agricultural  and  horticultural  plants. 

Recognition  and  biology.  Nematodes  are  unsegmented 
roundworms  quite  different  from  all  other  forms  of  life.  Plant 
parasites  may  be  less  than  0,4  mm  long  when  they're  fully 
grown,  and  few  ever  exceed  8  millimeters.  In  most,  the  body 
is  very  slender  and  is  tapered  at  both  ends. 

There  is  a  tough  cuticle,  secreted  from  underlying  tissue, 
which  may  be  smooth,  striated,  bossed,  or  ornamented  with 
spines.  The  body  has  longitudinal  muscle  fibers  only.  These 
fibers  produce  flexing  movement  but  no  elongation  or 
contraction.  Under  a  microscope  in  clear  water,  the 
movementii  seem  to  produce  only  a  useless  thrashing  about, 
but  in  the  presence  of  plant  debris  or  soil  particles,  the  flexing 
can  produce  forward  movement. 

Both  sexes  exist  in  nematodes,  though  some  females  can 
produce  eggs  in  the  absence  of  males.  The  tiny  larvae,  which 
hatch  from  the  eggs,  are  shaped  like  adults.  They  grow 
rapidly,  shedding  their  cuticle  several  times  before  reaching 
maturity.  Under  favorable  conditions,  growth  may  require  a 
few  days  to  a  few  weeks,  depending  on  the  species.  Some  will 
repeat  the  reproductive  cycles  as  long  as  temperature  and 
moisture  conditions  are  favorable  and  as  long  as  the  host 
plant  lives.  Some  will  leave  dead  host  plants  to  enter  the  soil; 
some  will  stay  in  the  dead  plant  tissue  and  may  remain 
dormant  for  several  years. 

Feeding  methods  vary  from  one  type  of  parasite  to 
another.  Some  enter  the  plant  cells  and  eat  the  cell  contents. 
Some  feed  by  means  of  stylets  that  puncture  the  cell  walls 
and,  like  hypodermic  needles,  let  the  nematodes  suck  out  the 
cell  juices.  The  stylet  punctures  permit  penetration  by 
disease-causing  bacteria.  Parasitic  ftingi  enter  the  plant 
through  the  holes  made  by  the  nematodes  that  feed  within  the 
cells. 

A  single  root-knot  nematode  female  may  produce  500  to 
1,000  eggs;  yet  few  of  the  larvae  will  ever  live  to  reach 
maturity  and  to  reproduce.  Nematode  parasites  of  plants 
have  many  enemies  in  the  soil.  They  are  captured  readily  and 
devoured  by  other  soil  animals,  such  as  insects  and 
predatory,  free-living  nematodes.  Even  certain  soil  fungi  can 
trap  living  plants,  so  nematodes  must  compete  with  fungi  for 
food.  Since  nematode  movement  is  more  or  less  random,  and 
since  the  nematodes  are  very  small,  they  must  be  very  close 
to  a  food  source  to  find  it.  Those  that  penetrate  some  forms 
of  ''resistant"  plants  are  effectively  trapped,  for  their 
activity  is  limited  and  they  are  seldom  able  to  reproduce. 

Exercises  (850): 

1.  Most  mature  nematodes  are  quite  ,  requiring 

 to  be  seen. 

2.  Both  sexes  exist  in  nematodes,  though  some  females  can 
produce  in  the  absence  of  

3.  When  nematodes  are  seen  under  microscopes  in  clear 
water,  the  movements  seem  to  produce  only  a  useless 
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851.  Cite  damages  caused  by  the  mot-  and  top-growth- 
attackmg  nematodes. 


The  nematodes  that  parasitize  plants  are  categorized 
arbitrarily  by  the  part  of  the  plant  they  attack  and  by  the  way 
they  attack.  Some  of  the  individual  species  attack  many  types 
of  plants,  the  common  garden  nematode  Heterodera  schachtii 
being  found  on  over  1 ,000  varieties. 

Root-Attacking  Nematodes.  We  can  divide  these  nema- 
todes into  four  groups  according  to  the  part  of  the  root  they 
infest:  sedentary  pamsites,  endoparasitic,  semiendoparasitic, 
and  ectoparasitic. 

Sedentary  parasites.  In  this  group,  females  become 
fixed  in  one  position,  where  they  feed  until  death.  Unlike 
most  others,  these  females  do  not  retain  their  wormlike 
appearance  but  become  swollen.  The  important  types  of 
sedentary  parasite  nematodes  are  the  cyst  nematodes  and  the 
root-knot  nematodes.  The  females  of  the  12  to  15  cyst  nematode 
species  develop  into  brown,  pear-shaped  cysts  that  can  protect 
viableeggs  up  to  lOyears.  Plants  that  they  attack  appear  stunted, 
have  yellow  leaves,  and  have  a  very  fine,  hairy-looking  root 
system.  Hosts  include  some  truck  crops,  clovers,  and  orna- 
mentals and  are  subject  to  U.S.  and  foreign  quarantines. 

There  are  eight  root-knot  nematodes  species,  and  the 
females  become  globular  but  don't  form  cysts.  They're 
usually  found  in  swollen  knots  in  the  root  systems.  These 
knots  typify  the  group,  which  attacks  1,800  species  of 
plants.  Plants  included  are  nursery  stock,  ornamentals, 
and  grasses. 

Endoparasitic  nematodes.  Eggs  are  deposited  in  lesions 
of  the  roots,  where  the  larvae  feed.  All  stages  may  be  found 
free  in  the  soil.  One  species  of  burrowing  nematode  parasitizes 
several  hundred  plant  species,  including  woody  ornamentals. 
It  is  a  serious  pest  of  eiirus,  causing  tip  dieback,  sparse  growth, 
and  spreading  decline.  It  is  currently  under  quarantine  in 
Florida.  There  arc  20  species  of  meadow,  or  lesion,  nematodes 
which  are  found  in  small  lesions  in  roots  or  free  in  the  soil.  Hosts 
appear  necrotic  and  unthrifty,  and  include  fruit  trees,  trees, 
ornamentals,  and  nursery  stock. 

Semiendoparasitic  nematodes.  These  nematodes 
feed  both  externally  and  within  the  roots  of  plants.  There 
are  about  12  described  species  of  spiral  nematodes, 
usually  found  free  in  the  soil  around  roots.  Attacked 
plants  demonstrate  chlorosis,  stunting,  and  sometimes 
sparse  growth.  Spiral  nematodes  damage  ornamentals, 
including  roses  and  boxwoods,  and  lawn  grasses.  There 
are  two  species  of  lance  nematodes  whose  damage  looks 
like  that  caused  by  spiral  nematodes  on  the  same  hosts, 
but  these  are  also  pests  on  some  lawn  grasses. 

Migrant,  or  ectoparasitic  nematodes.  These  nematodes 
feed  at  the  tips  and  along  the  surface  of  roots.  They  sometimes 
insert  part  of  their  bodies  into  the  root  tissue.  This  damage 
results  in  chlorosis  and  stunting  due  to  sparse  root  systems  with 
short,  stubby,  lateral  roots.  Both  of  the  two  sting  nematodes?^ 
parasites  of  ornamentals  and  lawn  grasses.  They  normally  are 
found  in  the  light,  sandy  soils  of  the  coastal  plains.  Only  one  of 
the  1 5  species  of  stubby  root  nematodes  is  known  to  be  parasitic. 
It  is  of  widespread  distribution  in  the  United  States  and  affects 
a  variety  of  plants,  including  a  large  number  of  grasses  and 
truck  crops.  T\vo  important  species  of  dagger  and  needle 
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nematodes  are  primarily  parasites  of  perennials.  One  causes 
the  general  decline  of  boxwcxxls  and  rinses.  Dagger  nematodes 
have  worldwide  distribution.  Little  is  known  about  the 
prevalence  of  the  needle  nematodes,  but  they  have  been  col- 
lected in  Europe,  the  Pacific  Northwest,  and  several  species 
in  the  Southeast,  Stimt  nematodes  include  parasites  of  many 
plants.  One  species  is  an  important  pest  of  strawberries, 
tobacco,  and  ornamentals.  Stunt  nematodes  have  been  found 
in  the  East,  Southeast,  and  one  Southwestern  State,  There  are 
about  20  known  species  of  ring  nematodes,  which  arc  importani 
parasites  of  trees  aiid  other  woody  perennials,  but  they  also  arc 
found  associated  with  the  roots  of  grasses  and  many  other  plants. 
They  live  in  many  parts  of  the  world, 

Ibp-Growth-Attacking  Nematodes.  Nematodes  attack- 
ing the  top  growth  of  vegetation  may  be  separated  into  three 
groups,  based  upon  the  part  of  the  plant  that  they  attack. 
These  groups  are  called  the  bud  and  leaf  nematodes,  stem  and 
bulb  nematodes,  and  seed  gall  nematodes. 

Bud  and  leaf  nematodes,  A  dozen  or  so  species  in  this 
group  are  important  pests,  feeding  on  developing  buds  and 
very  young  leaves.  They  cause  leaf  crimping,  deformation, 
and  plant  unproductivity.  Strawberries,  alfalfa,  and  rice  may 
be  hosts  to  these  parasites.  Several  species  attack  primarily 
the  leaf  parenchyma,  where  progressively  darkening, 
angular  spots  may  lead  to  eventual  defoliation.  This  occurs 
on  chrysanthemum,  aster,  dahlia,  zinnia,  and  other  plants 
raised  for  their  flowers.  Distribution  of  this  group  is 
widespread.  These  nematodes  that  feed  within  the  leaf  will 
move  from  leaf  to  leaf  in  films  of  water  from  rain  or  dew. 

Stem  and  bulb  nematodes.  A  number  of  species  of 
nematodes  invade  the  stem  and  bulb  parts  of  such  hosts  as 
alfalfa,  clover,  and  certain  grasses,  as  well  as  such 
ornamental  bulbs  as  iris,  tulips,  and  narcissus.  They  invade 
the  parenchymatous  tissue  and  injure  the  plant  with  their 
salivary  secretions.  Distortion,  hypertrophy,  necrosis, 
secondary  infection,  or  general  unthriftiness  result. 
Members  of  the  group  are  found  throughout  the  world. 

Seedgall  nematodes.  Two  of  11  species  of  this  group  are 
important  economically  in  the  United  States.  They  develop  in 
the  growing  part  of  wheat,  lawn  grass,  and  grasses  grown  for 
commercial  seed.  They  complete  development  within  a 
resistant  gall  in  the  seed.  Seeds  are  destroyed  or 
contaminated.  Animals  feeding  on  the  infested  seeds  are 
poisoned.  The  wheat  nematode  is  found  primarily  in  the 
Eastern  States,  while  the  bentgrass  nematode  is  most 
common  in  the  Northwestern  States. 


Exercises  (851): 
1.  The  four  groups  of  root-attacking  nematodes  are 


2,  In  the  sedentary  parasites  group,  the  females  become 
 in  position  where  they  feed  until 


3,  Plants  that  cyst  nematodes  attack  appear  .  

 have    leaves,  and  have  a  very 

 _,  hairy 'looking  system. 

4  Root-knot  nematodes  attack  what  kinds  of  plants? 


5,  Endoparasitic  nematodes  eggs  aiu  dcpc\sited  in  

of  the   where  the  feed, 

6,  Burrowing  nematodes  arc  a  serious  pest  of  , 

causing:  ,  growth,  and 

 decline, 

7,  Meadow  or  lesion  nematodes  are  found  in  small 
 in  or  free  in  the  . 

8,  Semiendoparasitic  nematodes  feed  both  ^  .  and 

within  the  of  » 

9,  Spiral  nematodes  are  usually  found    in  the 

 .  around  , 

10.  Lance  nematode  damage  looks  like  that  done  by 
 nematodes  on  the  same  hosts, 

11.  Migrant   or   ectoparasitic    nematodes    feed    at  the 
 and  along  the  surface  of  . 

12.  Bud  and   leaf  nematodes  feed   in  the  developing 

  and,  subsequently,  in  the  very   

leaves,  causing  leaf  ,    and  plant 

13.  Stem  and  bulb  nematodes  invade  the  tissue 

and  injure  the  with  their  secretions. 

14.  Seedgall  nematodes  complete  development  within  a 

resistant  in  the  seed.  Animals  feeding  on  the 

infested  seeds  are  

852.   State  the   survey  and  control   procedures  for 
nematodes. 

Unthriftiness,  stunting,  malformation,  chlorosis,  or  death 
of  plants  may  be  caused  by  nematodes,  insects,  nutritional 
deficiencies,  drought,  and  other  conditions.  We  must 
establish  the  presence  of  nematodes,  identify  them,  and  take 
corrective  measures. 

Survey.  You  must  collect  soil  and  root  samples  and  send 
them  to  your  command  pest  management  professional  (with 
approval  of  the  local  agricultural  department).  If  the  plant  in 
question  is  small  and  is  expandable,  place  its  roots  and  most 
of  the  soil  attached  to  them  in  a  1-quart  polyethylene  bag  or 
freeze  bag.  Attach  a  label  with  the  names  of  the  installation, 
collector,  host  plant,  and  locality  in  indelible  pencil  or  ink. 
Close  the  bag  with  a  rubber  band  and  put  the  bag  in  a  suitable 
mailing  box.  Wrap  the  box  and  place  the  agricultural  permit 
label  on  the  box .  In  the  case  of  a  large  plant,  get  a  sample  of  its 
roots  and  associated  soil.  Bag  and  label  this  similarly.  If  turf 
is  affected,  include  a  2-inch  square  plug  6  inches  deep  from 
the  margin  of  the  infesled  area. 

Preventive  Control.  Nematodes  brought  into  installations 
in  soil  and  plants  will  adversely  affect  plants  to  which  they 
spread.  It  is,  therefore,  a  must  that  everyone  responsible  for 
grounds  maintenance  take  the  few  preventive  measures 
necessary  to  avoid  the  spread  of  plant  parasitic  nematodes. 
All  nursery  stock  for  militant  installations  must  be  certified 
free  of  plant  parasitic  nematodes  or  be  certifiable  under  local 
restrictions. 

Incoming  and  outgoing  equipment  or  any  other  facility  on 
which  there  may  be  soil  attached  should  be  thoroughly  steam 
cleaned  or  at  least  washed  off,  and  equipment  allowed  to  dry. 
Cleaning  off  all  soil  and  exposing  the  equipment  to  direct 
sunlight  is  enough  in  areas  where  cyst  nematodes  are  not  a 
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problem.  Severel  Federal  quarantines  have  been  established 
to  prevent  the  further  spread  of  certain  nematodes.  Some 
states  also  have  local  restrictions.  People  who  send  plants, 
plant  products,  soil,  tracked  vehicles,  or  earth-moving 
equipment  to  or  from  military  installations  should  learn  what 
quarantines  apply  in  their  areas  of  operation. 

Chemical  Control.  Since  all  nematocides  are  highly  toxic 
to  animals,  you  must  avoid  inhalation  and  skin  contact.  One 
of  the  most  important  considerations  in  selecting  a 
nematocide  is  its  phytotoxicity.  A  few  important  plant 
nematodes  infest  aboveground  parts  of  plants,  and  you  can 
use  penetrating  sprays  of  nonphytotoxic  nematocides  on 
them.  Most  of  our  important  plant  nematodes  are  inhabitants 
of  the  soil.  You  can  use  nematocides  toxic  to  living  plants  in 
seedbed  or  field  preplant  sterilization.  In  order  for  chemicals 
to  reach  the  nematodes  in  the  soil,  you  must  use  either 
vaporized  or  water-dispersed  nematocides. 

Injected  liquids  that  vaporize.  The  most  successful 
control  is  soil  fumigation  with  vapors  from  volatile  liquids 
injected  into  the  soil  at  closely  spaced  intervals.  Diffusion 
through  the  soil,  and  subsequent  effectiveness,  depends 
largely  on  soil  porosity,  moisture,  and  temperature.  Prepare 
and  level  the  area  as  you  would  for  planting,  with  soil 
moisture  not  unusually  high  or  low,  and  the  temperature 
betwen  60°  and  80°F.  Inject  the  fumigants  8  to  10  inches  into 
the  soil  for  proper  vaporization  and  dispersal.  You  give  this 
treatment  in  small  plots  with  specialized  hand  equipment  and 
in  a  1-foot  grid  pattern.  When  you  calibrate  the  application  to 
the  manufacturer's  recommended  dosage  rate,  you  make  the 
injections  at  the  points  of  grid  line  intersection.  Tkmp  the 
holes  closed.  With  most  nematodes,  you  should  wait  2  to  3 
weeks  before  you  plant  the  plot. 

Tbactor-drawn  application  equipment  is  available  for 
larger  areas.  Its  principle  is  essentially  the  same,  but  the 
equipment  digs  ftirrows,  treats  them,  and  covers  them. 

Methyl  bromide  takes  a  different  procedure  and  different 
equipment.  The  areas  must  be  leveled,  as  prepared  for 
planting,  and  irrigated  to  bring  the  moisture  to  about  60 
percent  of  capacity.  Distribute  buckets  or  similar  supports 
over  the  area.  Also  put  out  shallow  pans  to  receive  the  plastic 
applicator  hose  from  the  methyl  bromide  container.  Securely 
fasten  a  hose  directly  over  each  pan,  the  numbers  of  which 
depend  upon  the  manufacturer's  dosage  re<:ommendation. 


Lead  the  other  ends  of  the  hoses  outside  the  area  to  be  treated. 
Then,  drape  a  plastic  tarpaulin,  free  from  holes,  over  the 
supports.  Seal  its  edges  thoroughly  with  a  6-inch  border  of 
soil.  Attach  containers  of  liquid  methyl  bromide  under 
pressure  to  special  couplings  on  the  outer  end  of  the  plastic 
hoses.  When  you  puncture  these  containers,  the  methyl 
bromide  flows  into  the  pans  and  becomes  a  very  penetrating 
gas. 

Water-dispersed  drenches.  The  development  of  effective 
nematocides  that  are  nontoxic  to  growing  plants  has 
stimulated  increased  use  of  water-dispersed  drenches  to 
control  nematodes  in  turf  and  a  wide  variety  of  ornamentals. 
You  water  the  area,  but  don't  saturate  it.  Measure  the 
diseased  zone  and  a  6-foot  strip  of  healthy  looking  turf 
around  it.  Calculate  the  dosage  by  the  manufacturer's 
recommendations  and  dilute  the  emulsion  concentrate  with 
water.  Disperse  it  by  hand  sprinklers  or  use  power  equipment 
after  a  test  run  with  water  to  get  the  distribution  right.  After 
treatment,  irrigate  the  area  with  2  inches  of  water.  Plantings 
or  a  single  plant  may  be  treated  similarly.  You  can  use  a  metal 
rod  to  open  holes  in  the  soil  within  the  root  area  15  to  25 
inches  deep.  A  small  earth  dam  made  around  the  base  of  the 
planting  or  plant  will  hold  the  water  you  apply  after 
treatment. 


Exercises  (852): 

1 .  List  in  sequence  the  steps  that  you  should  take  to  confirm 
suspicions  of  nematode  damage  to  small  and  expendable 
plants. 


2.    What  can  you  do  to  preclude  the  spread  of  plant  parasitic 
nematodes? 


3.    State  how  you  would  control  nematodes  with  hand 
equipment  and  phytotoxic  nematocides. 


76 


519 


Bibliography 


ECI  Course 

CDC  56650,  Volume  6,  Collection,  Identification,  and  Control  of  Important  Economic  Pests. 
Extension  Course  Institute,  Gunter  Air  Force  Station,  Alabama  36i  18. 

Books 

THimaii,  Lee  C. ,  Ph.  D. ,  Gary  W.  Bennett,  Ph,  D. ,  and  William  L,  Butz,  Ph,  D. ,  Scientific  Guide  To 
Pest  Control  Operations,  3rded,  Cleveland,  Ohio:  Harvest  Publishing  Company,  1976. 

Daniel,  W.  H.,  and  Dr.  R.  P.  Freeborg.  Turf  Managers*  Handbook,  Cleveland,  Phio:  Harvest 
Publishing  Company,  1979. 

Department  of  I>efense  Publications 

Stored  Products  Pest  Managem.'^nt  Information  Bulletin,  78-1.  Forest  Glen  Section,  Walter  Reed 

Army  Medical  Center,  Washington,  D.C,  20012. 
Armed  Forces  Pest  Control  Board.  Technical  Information  Memorandum  Nr.  11,  Hydrogen 

Phosphide  Fumigation  with  Aluminum  Phosphide,  Revised  April  1974. 

Other  Publications 

Koehler,  P.O.  *Trom  China  With  Love."  Pest  Control  Technology,  April  1982,  pp  41-43. 
Mueller,  David  K.,  'Theromones,  New  Weapon  Against  Stored  Product  Insects.''  Pest  Control, 
February  1982,  pp  22-24. 


77 


Answers  for  Exerc3sos 


CHAPTER  1 


Reference: 
800-  1. 
800-2. 
800-3. 
800-4. 
800-5. 
800  -6. 
800-7. 
800-8. 

800  -  9. 

801  -  1. 
801  -2. 
801  -3. 
801  -4. 


801  -5. 
801  -  6. 
801-7. 
801  -8. 
801  -9. 

801  -  10. 

802  -  1 . 


802-2. 

802-  3. 

802  -  4. 
£02-5. 

803-  1. 

803-  2. 

803  -  3. 
803  -  4. 
803  -  5. 
803  -  6. 

804-  1. 
804-3. 

804-  5. 

805-  1. 
805-2. 
805-3. 
805-4. 
805-5. 

805  -  6. 


T. 
T 
T. 

F;  change  "southern*'  to  "northern." 
T. 

F;  change  "while and  grey"  to  "brown  and  black," 
T. 
T. 

F;  change  "black"  to  "white." 

T. 
T. 
T. 

Change  "smaller"  to  **enlr-ged." 
Remove  "not." 
T. 
T. 

Change  "fine"  to  "coarse." 

T. 

T. 

It  has  a  short  snout»  is  about  3  nun  long,  with  reddish  legs  j>nd  a 
light  olive-brown  i  olor  mottled  with  darker  brown  and  grey. 
The  body  narrows  evenly  toward  the  head. 
The  larva  feeds  within  the  bean,  but  when  the  adult  emerges,  it 
feeds  on  other  materials. 

There  can  be  6  or  7  generations  per  year  with  up  to  28  weevils 
within  one  bean. 

Larger  than  the  bean  weevil,  it's  about  5  mm  long»  brownish 
flecked  with  white,  with  black  to  grey  patches  of  scales 
Only  in  the  field. 

Rcd-leggcd  ham  beetle. 
Larder  beetle. 
Cheese  maggot. 
Larder  beetle. 
Red-legged  ham  beetle. 
Cheese  maggot. 

F;  change  "four"  to  "six." 
F;  change  "green"  to  "brown." 
F;  change  "khapra"  to  "cigarette." 

Have  the  food  product  condemned. 

Five  percent. 

At  least  every  2  weeks. 

Once  a  month. 

Because  visual  surveys  are  only  effective  for  the  most 
advanced  stages  of  an  infestation. 

a.  Select  at  random,  empty,  and  sift. 

b.  Visually  inspect,  then  sift  for  signs  of  insect  and  rodent 
damage. 

c.  Check  for  areas  damaged  by  rodents  and  inspect  contents 
fo'  evidence  of  insects. 


806-1. 
806-2. 
806-3. 

806-  4. 
807  -  1 . 
807  2. 

807-  3. 

807-4. 
807-5. 

807-6. 
807  '  7. 
b07  -  8. 

807  -9. 
807-  10. 


Sanitation^  palletization,  rotation,  isolation,  ventilation,  pack- 
aging, inscciproof  conriruction,  etc. 

It  will  force  them  to  migrate  or  will  starve  them  out  (combined 
with  other  control  techniques). 

Old  stocks  may  let  insects  complete  one  or  more  life  cycles, 
light  infestations  may  become  heavy  ones,  old  contaminated 
stocks  may  infe.s»  new  shipments,  dirt,  filth,  and  moisture  may 
lead  to  loss  of  foodstuffs,  eic. 
It  reduces  moisture  content. 

It  serves  as  a  preventive  measure  to  keep  the  insects  from 
becoming  established. 

For  monitoring  insftct  activity,  for  mass  trapping,  and  as  a  form 
of  birth  control. 

Only  small  amounts  are  needed,  pheromones  aren't  .sonous. 
they  are  species-specific,  and  there  is  no  insect  resistance. 
That  sanitation  is  adequate. 

Tb  walls,  floors,  posts,  and  any  other  areas  th«t  might  harbor 
insects,  particularly  cracks  and  crevices. 
A  mist  blower  or  ULV  generator. 
Locate  the  source  of  the  pests  and  get  rid  of  it. 
Food-handling  areas,  including  places  where  food  is  exposed 
during  receiving,  storage,  preparation,  and  serving. 
Expansion  joints,  between  different  elements  of  construction, 
between  equipment  and  floors,  and  in  voids  such  as  hollow 
walls,  eruipment  legs  and  bases,  conduits,  motor  housings, 
junctions,  and  switch  boxes. 

Be  careful  not  to  treat  food  areas  where  food  is  exposed  and 
avoid  leaving  any  material  on  exposed  surfaces. 


Phase 

Order 

808 

-  1. 

^paration 

4 

808 

-  2. 

Application 

8 

808 

-  3. 

Clearance 

14 

808 

-  4. 

Preparation 

1 

808 

-  5. 

Application 

11 

808 

-  6. 

Clearance 

16 

808 

-  7. 

Clearance 

13 

808 

-  8. 

Application 

7 

808 

-  9. 

Preparation 

2 

808 

-10. 

Application 

10 

808 

-11 

Clearance 

15 

808 

-12. 

Evaluation 

12 

808 

-13. 

Application 

9 

808 

-14. 

Preparation 

6 

808 

-15. 

Preparation 

3 

808 

-16. 

Preparation 

5 

809 

-  1. 

Casemaking. 

809 

-2. 

Case  making. 

809 

-3. 

Carpet. 

809 

-4. 

Webbing. 

809 

-5. 

Webbing. 

809 

-6. 

Carpet. 

809 

•7. 

Webbing. 

809 

-8. 

Casemaking. 

809 

-9. 

Webbing. 
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809-  10.  Cartel. 

HID  -  1 .  Common, 

iilO-2.  Odd. 

810-  3.  Black. 
810-4.  Varied. 
810-5.  Furniture. 
810-6.  Common. 
810-7.  Odd. 
810-8.  Varied. 

810-  9.  Black. 

811-  1.        Because  the  adults  don't  feed  on  any  of  the  materials  attacked 

by  larviu- 

811-2.        A  flashlight  and  a  knife,  nail  file,  or  sm:;ll  spatula. 

811-  3.        Dark  clothes  closets,  furs,  woolens,  bits  of  carpeting,  lint 

aroi'nd  doors  and  under  baseboards,  in  and  under  upholstered 
furniture,  in  collections  of  animal  hair,  air  ducts,  in  cereal  and 
other  food  products,  etc. 
811  -  4.        Bird  nests  anc*  wasp  nests  on  or  in  ihc  building. 

812-  1.        F;  proper  household  cleanliness  is  very  important  in  keeping 

fabric  pests  from  becoming  established. 
812-2.  T. 
812-3.  T 

812-4.        l-;  control  is  only  semipermanent. 
812-5.  T. 

I  ?  -  (>.        F;  you  only  should  spot  treat,  focusing  on  critical  areas  such  as 
around  baseboards  and  under  furniture. 
812-7.  T 

812-8.        F;  applications  should  be  made  lightly  and  quickly. 
812-9.  T. 
812-10.  T. 


CHAPTER  2 

813-1.  They  are  the  worst  of  the  insect  pests,  and  of  all  types  of  pests, 
they  are  second  only  to  wood-destroying  fungi. 

813-2.  Paper,  cardboard,  flberboard,  structural  timbers,  pallets, 
crates,  tool  handles,  furniture,  and  other  wood  products. 

813-3.  In  nature,  they  help  convert  deadwood  and  other  materials 
containing  cellulose  to  humus. 

813-4.       Workers  and  nymphs . 

813-5.        Feed  the  other  forms,  groom  the  queen,  excavate  the  nest,  and 

make  the  tunnels. 
813-6.        The  secondary*  reproductives . 
813-7.       Primary  reproductives. 

813-  8.        Ants  have  a  very  thin  waist  between  the  thorax  and  abdomen; 

termites  have  thick  waist<(.  Ibmiite  wings  arc  about  the  same 
size  and  shape,  but  the  forewings  of  an  ant  are  lapger,  longer, 
and  shaped  differently  from  the  hindwings.  Ibrmite  antennae 
are  straight;  ant  antennae  are  elbowed. 

814-  1.        Because  their  soft  bodies  lose  water  rapidly  when  they're 

exposed  to  dry  air. 

814-2.  It  promotes  the  growth  of  fungi  the  termites  need  as  a  food 
souice. 

814-3.  The  original  pair  of  reproductives,  a  few  dwarf  workers,  and 
one  dwarf  soldier. 

814-  4.       The  geographic  area,  climatic  conditions,  the  species  of  termite 

involved,  and  other  factors  such  as  the  temperature  of  the  building 
or  soil. 

815  -  1 .  Formosan. 

815-  2.  Pacific  Coast. 
815-3.  Light  southeastern. 
815-4.  Eastern. 
815-5.  Southeastern. 
815-6.  Pacific  Coast. 
815-7.  Formosan . 
815-8.  Pacific  Coast. 
815-9.  Desert. 
815-10.  Eastern. 


816-1.        False ;  delete  the  Wi>i  d  * '  not .  * ' 
816-2.  1>ue. 
816-.1.  Tt-uc. 

816-4.        False;  change  "above**  to  * 'below." 
816-5..  THie. 
816-6.  THie. 
816-7.  IHie. 

816  -  8.        False:  delete  the  uord  **not/* 
816-9.        False;  cliange  •'never*'  to  "always." 

816-  10.  THie. 

817  -  1 .        Inspection,  preventive  contn>ls,  and  ci>rrcctivc  contmls. 

817  -  2.        During  planning  and  construction  of  a  building. 

817-  During  construction,  treat  the  soil  next  to  the  foundation, 
walls,  and  piers,  and  under  concrete  slabs  with  a  residual 
insecticide  to  give  a  long-lasting  barrier  against  subterranean 
termites. 

817-  4.        They  should  be  treated  with  a  wood  preservative. 

SIS  -  I.  Mechanical  alteration,  soil  treating,  foundation  treating,  and 
wood  treating. 

818-  2.        Aiong  the  inside  ando'  itside  of  the  foundation,  under  slabs,  and 

around  utility  entrances. 
818-3.        Dig  a  small  trench  about  4"  deep  next  to  the  foundation,  then 
remove  cores  of  earth  at  1-foot  intervals  and  flood  the  soil  or 
use  a  long  pipe  to  flood  soil  at  ihe  same  intervals. 

818  -4.        You  should  drill  along  the  craek  and  inject  chemical  under 

pressure. 

8' 8  -  5.  Eliminate  soil  contact  by  removing  the  dirt  back  to  2  feet  and 
tvmoving  part  of  the  porch  wall  at  both  ends  and  installing 
access  doors.  Then  treat  the  tunnel  at  the  rate  of  2  gallons  per  5 
linear  feet  and  the  remainder  ol  the  soil  at  the  rate  of  1  gallon 
per  10  square  feet. 

818-6.        Treat  from  the  outside  by  drilling  through  the  foundation  wall. 

This  lets  you  avoid  the  hazard  of  drilling  thrxjugh  heat  pipes, 
electrical  conduits,  and  plumbing  embedded  in  the  floor. 

818-7.  All  wood  should  be  cut  off  above  ground  level ,  and  <;upporting 
concrete  placeu  under  it. 

818-  8.        0.5  percent  aldrin;  1.0  percent  chlordane;  0.5  percent  dieldrin; 

0.5  percent  heptachlor;  1 .0  percent  chlorpyrifos. 

819  -  1 .        F;  change  "highly  decayed"  to  ''undecayed." 

819-  2.  T. 
819-3.  T 

819-4.  F;  they  are  less  damaging  since  their  range  is  much  more 
limited. 

819-  5,  T. 

820  -  1 .        F;  change  "smallest"  to  "largest." 

820-  2.  T. 
820-3.  T. 

820  -  4.        F;  this  describes  the  desert  damp-wood  termite. 

820-  5.  T. 

821  -  1 .        Visible  damage  and  plugs  in  entrance  and  exit  holes. 

821  -  2.  Around  the  perimeter  of  buildings  and  where  wood  is  joined 
together. 

821  -  3.  Look  for  the  characteristic  fecal  pellets  pushed  -n?t  of  termite 
galleries. 

821  -4.        Nonsubterranean  termites  ha^  e  crossveins  between  the  costal 

and   subcostal   veins.   These  crossveins   are   lacking  in 

subterranean  termites. 
821  -5.        Either  fumigating  the  entire  structure  with  a  toxic  gas  or 

introducing  a  toxic  liquid  or  dust  into  the  excavated  chambers. 
82 1  -  6.        It  disperses  rapidly  and  evenly  within  the  temperature  range  for 

climates  where  nonsubterranean  termites  are  found. 
821  -7.        Drill  holes  into  infested  timbers  and  deposit  the  pesticides  here. 

Drill  one-half-inch  holes  for  large  timbers  and  smaller  holes 

elsewhere. 

821  -  8.  Structural  changes  to  eliminate  moisture  may  be  needed,  and 
the  same  treatment  as  for  subterranean  termit'js  may  be 
necessary. 

821-  9.        Inject  chemicals  into  the  galleries  or  fumigate  the  furniture 

items. 
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821  -  10.  Carefully  inspect  lumber,  especially  used  lumber,  for  evidence 

of  an  infestation;  screen  doors,  windows,  and  attic  windows; 
chemically  treat  wood  to  prevent  attack;  use  termite-resistant 
wood;  protect  exterior  \vood  sufaces  with  paint;  etc. 

822-  1.  a,  c,  d,  f.  h,  andj  aretrue. 

822-2.  b.  Change  "40"  to  ••20.*' 

e.  Change  "least"  to  "most." 

g.  Add  "do  not"  before  produce. 

i.  Change  "alkaline"  to  "acid." 

822  -  3.  As  mold,  stain,  or  wood>rotting  fungi. 

822  -  4.  They  break  down  starches,  sugars,  gums,  and  oils;  they  don*t 

break  down  cellulose  or  lignin. 

822  -  5.  From  black  through  blues,  browns,  reds,  and  yellows. 

822  -  6.  While  rots,  brown  rots,  and  water-conducting  fungi. 

822  -  7.  Ligno-cellulose;  lignified. 

822-  8.  Ligno-cellulose;  lignin. 
822  -  9.  Cellulose;  lignin,  brownish. 
822  -  10.  Brown-rot. 

822  -  11.  Humidity;  tcmpcmtune;  tube;  filament. 

822  -  12.  They  secrete  substances  that  dissolve  organic  material  (wood). 

823-  1.  a,  ^    .  d,  f,  g,  h,  i,  and  J  are  true;  for  e,  change  "decrease"  to 

"liiw.vajic'*  and  "extend"  to  "shorten." 

824-  1.  h. 
824  -  2.  A. 
824  -  3.  B. 
824-4.  B. 
824-5.  A. 
824  -  6.  L. 
824  -  7.  B. 
824-8.  A. 
824  -  9.  A. 
824  -  10.  L. 
824-11.  L. 
824-12.  A. 
824-13.  A. 
824 -U.  B. 
824-15.  A. 
824-16.  L. 

824-  17.  L. 
824  -  18.  A. 
824  -  19.  L. 
824  -  20.  B. 
824  -  21.  L. 
824  -  22.  B. 
824  -  23.  L. 
824  -  24.  A. 
824  -  25.  L. 
824  -  26.  A. 
824  -  27.  L. 
824  -  28  B. 

825-  1.  Both. 
825-2.  Both. 

824  -  3.  Both. 

824-  4.  C. 

825  -  5.  B. 
825  -  6.  Both. 

825-  7.  C. 
825  -  8.  B. 
825  -  9.  C. 

825  -  10.  C. 

826  - 1.  a,  c,  e,  and  g  are  tnie.  In  b,  change  "more"  to  "Irss."  In  d, 

reverse  "insect"  and  ''fungus."  In  f,  change  "can  be  left  in 
place"  to  "should  be  removed. " 

827  -  1 .  Ibnnel ;  excavate . 
827  -  2.  Soft. 

827  -  3.  Chlorinated;  injected. 

827  -  4.  Dusts;  carried. 

827  -  5.  SoutJiem. 


827  -  6. 
827-7. 
827-8. 


828  -  1 . 

828  -  2. 
828-3. 
828-4. 

828-  5. 

829  -  1 . 

829-  2. 

829-  3. 

830  -  1 . 

830-  2. 
830-3. 
830-4. 

830-  5. 

831  -  1. 

831-  2. 
831-3. 
831  -4. 
831-5. 
831-6. 

831-  7. 

832-  1. 
832-2. 
83Z-3. 

832-  4. 

833-  1. 
833-2 

833-  3. 

834-  1. 
834-2. 
834-3. 

834-  4, 
8.-^-5. 

834  -  6. 

835-  1. 

835  -  2. 
835-3. 
835-4. 
835-5. 


836-  1. 
836-2. 


836-3 
836-4. 


836  -  5. 


Eat;  excavate. 

Tbnnels;  dusted;  |X)wdcrs. 

Coat;  paint. 


CHAPTER  3 


836-6. 
836-7. 


Gypsy  moth. 

White-marked  tussock  moth. 
Gypsy  moth. 
Fall  cankerworm. 
White-marked  tus.sock  moth. 

Eastern  tent  caterpillai'. 
Fall  webworm. 
Spruce  bud  worm. 


F;  change  * 'cutworm"  to  "bag  worm." 
T. 

F;  change  "bagwomis"  to  "cutworms," 
T. 

Elm  leaf. 

Elm  leaf. 

Elm  leaf. 

Botlt. 

Japanese. 

Japanese. 

Japanese. 

Basswood. 
Holly. 
Birch. 
Arborvital. 

Insecticidal  sprays  and  dusts. 

Because  they  are  concealed  between  the  layers  of  the  leaf. 
Pick  them  from  the  affected  host. 

T. 

F;  change  "2.6"  "6.2." 

F;  change  "bark  beetles"  to  "engravers  '* 

T. 

T. 

T. 

Borers. 

Tbnneling  under  bark;  wood. 
Fine  boring  dust;  larvae;  tunnels. 
Paper;  burlap;  ^t^ack. 

Carbon  disulfide;  paiadichlonobenzcne;  benzene  hcxachloride: 
tunnels;  putty. 

Spotting,  discoloration,  malformation,  and  general  devitalization 
of  the  foliage,  twigs,  and  other  plant  parts. 
They  are  0.8  to  6.2  mm  long,  with  delicate,  soft,  globular-to- 
pear-shaped  bodies  that  are  yellow,  green,  red,  grey,  blue,  or 
black. 

Malathion  and  dimethoate. 

They  cause  general  devitalization  and  dc^ith  by  extracting  plant 
sap  and  injecting  toxic  saliva.  Also,  unused  honeydew  falls  on 
lower  plant  parts  where  it  forms  a  medium  for  black  sooty 
molds. 

a.  They  may  be  flattened,  globular,  hemispherical,  saclike, 
elongated,  or  circular. 

b.  They're  sometimes  covered  with  wax  in  the  form  of  powder, 
cottony  masses,  or  a  continuous  scalelike  layer. 

c.  They  are  alway**  wingless,  and  tlie  legs,  antr^nnae,  and 
compound  eyes  are  reduced  or  absent. 

d.  They  usually  have  a  pair  of  membraneous  win^s, 
well-developed  legs,  long  antennae,  and  no  beak. 

In  the  early  spring  before  the  buds  start  to  expand,  bUv  when  the 
temperature  will  stay  above  freezing  for  at  least  24  hours. 
Closely  related  to  the  scale  insects,  they're  small  and  covered 
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836  -  8, 

836  -  9, 

836  -  10. 
836-  11. 

836-  12. 

836-  13. 

836-  14. 
836-  15. 

836-  16. 


837-  1, 
837-2. 
837-3. 
837-4. 
837-5. 
837-6. 

837-  7. 
837  -  8. 

838-  1. 


839-  1. 


840-1. 
840-2. 
840-3. 

840-  4. 

841  -  I. 
841  -2. 

841  -3. 

841-  4. 

841-5. 


842-  1. 


843-1. 


with  a  soft,  fine,  white  granular  material  that  forms  long, 
cottony  threads  over  the  body. 

They  are  minute,  reddish  or  yellowish  spiderlike  arthropods 
with  tiny  bodies  that  are  rounded,  shiny,  and  covered  with  fme 
hairs. 

They  suck  juices  from  the  undersides  of  leaves  and  tender  parts 
of  the  plant.  This  causes  a  stippled  appearance  of  the  foliage, 
which  later  discolors  and  dies. 

They  attack  a  wide  variety  of  grasses,  shrubs,  and  shade  trees. 
They  suck  large  amounts  of  sap  from  plants  and  cause 
numerous  small  pinholes  in  the  phloem  and  bark  tissues. 
Make  sure  you  cover  the  foliage  thoroughly,  including  the 
undersides. 

Damaged  leaves  have  a  spotted,  greyish  appearance  on  top  and 
a  black,  shiny,  v^amishlike  excrement  and  cast  skins  on  the  undeisidc. 
Aphids. 

They're  1.0  to  1.6  mm  long,  slender,  and  usually  blackish, 
brownish,  or  yellowish.  They  eat  most  flowering  pipjits  and 
shrubs. 

Because  these  minute  insects  hide  in  the  sheaths  of  leaves  and 
flower  stems  as  well  as  within  the  flowers  themselves. 

T. 
T. 

F;  change  **sucking**  to  *'chewing." 

T. 

T. 

t. 

T 

F:  change  **80*F'*  to  '*86*F.  " 

(1)  e. 

(2)  i. 

(3)  a. 

(4)  f. 

(5)  b. 

(6)  k. 

(7)  m. 

(8)  g. 

(9)  n. 

(10)  c. 

(11)  o. 

(12)  I. 


T. 

F;  change  ' 

T. 

T. 


'black**  to  **bright  red. 


In  the  fall  or  spring,  when  the  soil  is  fair?y  warm. 

Cut  three  sides  of  a  1-foot  square,  lay  it  back  on  its  fourth  side, 

count  the  grubs,  and  replace  the  sod. 

At  least  a  half  dozen  grubs  per  square  foot. 

I^iss  broken-up  sod  txuough  a  four-mesh  screen  and  then  through 

a  window  screen;  tlve  wire^orms  won*t  pass  the  second  screen. 

Cut  both  ends  out  of  a  tin  can,  shove  it  halfway  into  the  sod,  and 

fill  it  with  water.  The  chinch  bugs  will  float. 

a,  b,  c,  d,  e,  and  f  i»re  true;  in  g,  Achatina  have  not  become 
established  in  California. 

1.  Achatinidae. 

2.  Zonitidae. 

3.  Veronicellidae. 


4.  HelicelHdae. 

5.  Ttstacellidae. 

6.  Bradybaenidae. 

7.  Helicidae, 
843-2,  Above, 

843  -  3,  Aestivation, 
043  -  4,  Self-fertilization, 

844  -  1 .       Horticultural;  quarantine. 
844  -  2.        On  sheets  of  wrapping  paper. 

844  -  3 .        At  night  or  early  in  the  morning  after  a  rain. 
844  -  4,        At  the  point  of  origin, 

844  -  5,        A  slime  trail, 

845  -  I .        b. (\ cg.andhuretrue. Ina, after "nonnally*'inscrt"donot,** 

In  f,  replace  ''nepellent"  with  "contact  poison.** 

846-  1.  Uoiiarspot. 

846-2.  Fusarium  blight, 

846  -  3 ,  Brown  patch . 
846  -  4.  Fairy  rings. 
846  -  5,  Mildew. 

846  -  6.  Spring  dead  spot, 

846  -  7.  Damping-off. 

846  -  8.  Brown  patch. 

846-9.  Dollar  spot. 

846-  10.  Mildew. 

846  -  11,  Fusarium  blight. 

846-  12,  Coppcrspot. 

847-  1.        3  to  21  days. 

847  -  2.        Rainfall,  dew.  biodegradation,  UV  light,  and  new  growth. 
847  -  3.        It  may  reduce  the  severity  of  the  disease  if  the  humidity  drops. 

wind  increases,  or  if  the  sun  dries  the  turfgrass  surface  area. 
847  -  4,       Benomyl,  mancozeb  and  thiabendazole, 
847  -  5.        As  a  chemical  seed  treatment  applied  before  planting. 
847  -  6.       Aeriation,  overwatering,  and  applying  wetting  agents. 
S47  -  7.        Reduce  available  nitrogen  and  the  frequency  of  watering.  Water 

only  at  midday  to  help  maintain  a  dry  turfgrass  surface. 
847  -  8.       Keep  thatch  to  a  minimum,  mcrease  nitrogen  levels  in  the  soil. 

and  water  deeply  when  necessary. 


(13)  h. 

848-  (1) 

f. 

(14)  j. 

848-  (2) 

j- 

(15)  d. 

848-  (3) 

b. 

848-  (4) 

d. 

(1)  f. 

848-  (5) 

a. 

(2)  c. 

848-  (6) 

h. 

(3)  e. 

848-  (7) 

g- 

(4)  a. 

848-  (8) 

k. 

(5)  d. 

848-  (9) 

c. 

(6)  b. 

848 -(10) 

i. 

848-(ll) 

e. 

849  -  1 .        When  the  tree*s  health  is  poor  or  its  aesthetic  value  would  be 

lost  from  the  disease. 
849  -  2 .        Protection  against  infection  with  fungicides  and  use  of  resistant 

varieties. 

849  -  3.  Spray  at  or  before  bud  break  and  every  2  weeks  until  about 
mid-June. 

849  -  4.  Many  disease  pathogens  overwinter  on  the  tree,  in  the  buds,  on 
the  bark,  or  on  dead  twigs.  Spores  that  infect  leaves  may  travel 
great  distances  in  the  wind.  Dry  leaves  break  up  during  raking, 
and  many  pieces  are  left  in  the  grass. 

849  -  5.       By  removing  all  infected  tissues. 

849  -  6.       By  keeping  trees  vigorous  end  avoiding  wounds  in  the  ioot 

system  and  near  the  base  of  the  tree. 
849  -  7.        Use  therapy  to  delay  the  disease*s  progression  in  a  partially 

infected  system.  When  the  roots  are  mostly  dead,  remove  the 

tree. 

849  -  8.       Removal  and  destruction  of  weakened  or  dead  elm  trees  and 

logs,  and  pruning  out  infected  twigs  and  branches. 
849  -  9.       Control  the  iasect  vector  with  malathion  spray,  inject 
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Tebuthiuron  into  the  tree  tmnk.  and  fumigate  the  soil  between 
trees  with  Vapam  to  prevent  further  spread  through  rtx)t  grafts. 

850-  1.        Small;  magnification. 

850-  2.       Eggs;  males. 

850  -  3 .  Thrashing  about, 

851-  1.  Sedentary  parasites;  endoparasitic;  semiendoparasitic;  ecto- 

parasitic. 

851  -  2.  Fixed;  one;  death, 

85 1  -  3,  Stunted;  yellow;  fine;  root, 

851  -  4.  Nursery  stock,  ornamentals,  and  grasses. 

85 1  -  5,  Lesions;  roots;  larvae. 

851  -  6,  Citrus;  tipdieback;  sparse;  .spreading. 

851  -  7.  lesions;  roots;  soil. 

851  -  8.  Externally;  roots;  plants, 

851-9,  Free;  soil;  roots. 

851-10,  Spiral. 

851  -  1 1  Tips;  roots. 


851  -  12.      Bud;  young;  crimping;  deformation;  unproductivity. 
851  -  13.      F*arenchymatous;  plant;  .salivary. 

851  -  14       Gall;  poi.soned. 

852  -  1 .        Collect  .soil  and  root  .samples;  get  shipment  approval  from  the 

local  agricultural  depanmeni;  put  the  plunt  roots  and  .soil  in  a 
1 -quart  polyethylene  or  freeze  bag;  include  a  label  with  the 
installation,  collector,  host  plant,  and  locality;  close  the  bag 
with  a  rubber  band  and  put  it  in  a  mailing  box;  wrap  the  box  and 
place  the  agricultural  permit  label  on  it.  and  send  it  to  your 
command  pest  management  professional. 

852  -2.        Be  familiar  with  quarantines  within  your  area  of  operations; 

see  that  incoming  and  outgoing  equipment  or  any  other  soiled 
facility  is  thoroughly  steam  cleaned  or  at  least  washed  off  and 
allowed  to  dry;  and  see  that  all  nursery  stock  is  certified  free  of 
plant  parasitic  nematodes. 

852  -3.  For  this  preplant  soil  sterilization,  you  prepare  the  area  by 
digging,  leveling,  and  marking  it  off  in  a  1-foot  grid  pauem. 
Calibrate  the  equipment,  and  inject  the  recommended  volatile 
liquids  8  to  10  inches  deep  at  each  intersecting  gridline  point. 
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1.  MATCH  ANSWERSHEFH  TO  THISEXERCISKNl'MHi  R 

2.  USE  NliMHER  2  PENCIL  ONI.V. 


EX  TENSION  COURSE  INS  TITUTE 
VOLUME  REVIEW  EXERCISE 

56650  05  22 

ECONOMIC  PESTS 

Carefully  read  the  rollowiiiK: 
OO's: 

I.   Check  the  ••course-  -volume/-  and  •Torni-  numbers  iVoin  the  answer  sheet  address  tah  auainst  the 
VRt  answer  sheet  .dentil'ieation  nuniher"  in  the  righthand  eolunin  of  the  shippinu  list.  It  nunib-rs  do 
not  match  ,  return  the  answer  sheet  and  the  shipping  list  to  HCI  immediately  with  a  .^ntc  of  explanation 

-.    Note  that  item  numbers  on  answer  sheet    o  sequential  in  caeh  column. 
Use  a  medium  sharp  #2  black  lead  pencil  ior  marking  answer  sheet. 

4.  Write  the  correct  answer  in  the  margin  at  the  left  of  the  item.  (When  you  review  for  the  course 
examination,  you  can  cover  u>«/-  answers  with  a  strip  of  paper  and  then  cheek  your  review  answers 
aga.iist  your  original  choices.)  Alter  you  arc  sure  of  your  answer^,  transfer  them  to  the  answer  sheet  If 
you  /wvc  to  change  an  answer  on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a  clean 
eraser.  But  try  to  avoid  any  erasure  on  the  an.swer  sheet  if  at  all  possible. 

.'>.  Take  action  to  return  entire  answer  sheet  to  ECl. 

6.  Keep  Volume  Review  Exercise  booklet  lor  review  and  rdercnce. 

7.  If  mamlatnnly  enrolled  student,  process  questions  or  comments  thnn.gh  your  unit  trainer  or  OJT 
supervisor.  It  .v>/«/;^/W/v  enrolled  student,  send  questions  or  comments  n-  "-CI  on  HCI  Wnm  17 

DON'Ts: 


Don't  use  answer  sheets  other  than  one  furnished  specifically  for  caeh  review  exercise 
Don't  mark  on  the  an.swer  sheet  except  to  fill  in  marking  blocks.  Double  marks  or  excessive  markings 
which  overllow  marking  blocks  will  register  as  errors. 
Don't  fold,  spindle,  staple,  tape,  or  mutilate  the  answer  sheet. 
4.   Don't  u.se  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 

son-:  NUMBERED  LEARNING  OBJECTIVE  REFERENCES  ARE  USED  ON  1  HE  VOLUME 
REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the  VRH  is  the  LearnwM 
Ohjccnve  Number  where  the  answer  to  that  item  can  be  located.  When  answerinu  the  items  on  the 
VRt:.  reler  to  the  Uarmnfi  Ohjectix  es  indicated  by  the.se  Ntimhcrs.  The  VRb  results  will  be  sent  to 
you  on  a  postcard  which  will  list  the  actual  VkE  iu-ms  you  misscJ.  Go  to  the  VRE  booklet  and 
locate  the  Lcarninfi  Ghjectire  Numbers  for  the  items  mis.sed.  Go  to  the  text  and  carefully  review  the 
areas  covered  by  the.se  references.  Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  Examination. 
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MULTIPLH  CllOiCl-: 

^'«u^  ioSi,„h;,i:  Coiisidcr  all  choices  carefiilly  and  select  the  hesi  answer  to  each  question. 

1 .  (800)  What  pest  is  considered  the  most  important  whole  grain  pest? 

<-'^^>^'"«-"-  c.  Granarv  weevil, 

h.   Drugstore  beetle.  j,   Ri^e  weevil. 

2.  (801)  Which  ot  the  following  insects  is  the  worst  pest  ot  prepared  cereals? 

a.   Red  Hour  beetle.  e.   Confused  Hoim- hectic 

d.   Indian  meal  molii 

(801 )  What  moth  is  easily  recogni/.cd  hy  pale  gray  forewings  with  transverse  wavy  black  markings? 

a.  Indian  meal  moth.  Wcbbinu  clothes  moth 

b.  Angoumois  grain  moth.  d.   Mcditeiranean  Hour  moth. 

4.  (802)  The  statement  "a  pest  with  reddish  legs  and  a  light  olive-brown  color,  mottled  with  darker  brown  and 
gray,    describes  the 

a.  bean  weevil.  eadellc. 

b.  pea  weevil.  j    red  Hour  beetle. 

(80.^)  Which  of  the  meat  and  cheese  pests  also  infests  dog  bi.scuits.  mu.seum  specimens,  and  dried  tobacco? 

a.  l.arder  beetle.  ^.    Red-legged  ham  beetle. 

b.  Cheese  maggot.  j    Cadellc  beetle. 

6.  (804)  Which  of  these  general  feeder  beetles  i.s  an  important  pest  in  grocerj-  stores,  food  warehouses,  and  urain 
storage? 

a.  Saw-tooth  grain  beetle.  c.   Cigarette  beetle. 

b.  Drug  .store  beetle.  ^1.   Khapra  beetle. 

7.  m)5)  How  often  should  you  conduct  Joint  surveys  with  other  food  quality  i.ispectors  for  stored  products  pests  > 

a.  At  least  twice  a  month.  e.   At  least  every  six  weeks. 

b.  At  least  once  a  month.  d.   At  least  every  eight  weeks. 

8.  (806)  All  of  the  following  are  forms  of  preventive  control  for  stored  products  pests  r.xrcpi 

a.  palletizing.  c.  fumigation. 

b.  isolation.  rotation. 

(807)  Pheromones  can  be  used  in  a  storcd-food  pe.st  management  program  in  all  these  ways  c.u  cpi 

a.  to  conduct  mass  trapping. 

b.  to  apidly  reduce  larval  population. 

c.  to  monitor  insect  activity. 

d.  as  a  birth  control  method. 

10.  (807)  I.,  warehou.ses.  in.sects  on  the  v)utsidc  of  packaged  materials  can  be  killed  with 

a.  residual  sprays.  c.   contact  .sprays. 

b.  residual  dusts.  j    a  vacuum  cleaner. 
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I  I     (807)  In  areas  where  looci  is  prepared,  you  may  only  use 

a.  craek  and  crevice  treatnient.  c.  pheroniones. 

h,   residual  dusts,  insect  traps. 

12,  (808)  Before  you  clear  a  stack  In-ini:  I  iniigated  with  alinninuni  phosphule.  ndu  must  nuikc  sure  uas 
concentrations  are  he  low 

a,  0.1  ppm.  0.5  ppm, 

0,3ppni,  ,1.    1.0  ppm. 

I,V   (80^)  What  pest  spins  and  carries  a  silkeii  ease  during  its  larval  stage? 

a,   Black  carpet  hectic.  c,   Cascmaking  clotlies  moth, 

h.   Furniture  carpet  heetle.  d.    Wehhing  clothes  moth. 

14.  (809)  Which  clothes  moth  has  larvae  which  spin  a  co  ooii  and  then  attach  particles  of  I'iher  and  excrement  to  it? 

a.   Wehhing  clothes  moth.  Caipet  moth, 

h.  Cascmaking  clothes  moth.  d,    Upho!  >tery  moth, 

15,  (810)  The  larvae  ol'  which  ol  these  carpet  hectics  are  great  wanderers  and  may  be  found  in  a  wide  varietv  of 
locations? 

a.  Odd  beetle.  c.   Common  carpet  beetle, 

b.  Furniture  carpet  beetle.  d.    Black  carpet  beetle. 

I(>.  (811)  For  what  stage  of  fabric  pests  should  you  survey? 

a.   Hggs.  c.  Pupae, 

h.   Larvae,  el.  Adults. 

17.  (812)  Which  of  the  following  is  generally  ineffective  in  preventing  infestations  of  fabric  pests? 

a.  Cedar  cliests.  Hou.schold  sanitation. 

b.  Mothproofing,  d.   Cold  .storage  for  clothing, 

IS.   (SI  2)  Preventive  controls  tor  fabric  pests  include  all  of  these  except 

a,  ParadichU)r()ben'/enc  (PI)B).  c.   thorough,  regular  vacuuming. 

b,  naphthalene.  d.   cedar  closets  and  chests. 

1^).   (812)  When  fabric  pest  infestation  is  not  heavy,  what  is  i\  suitable  chemical  control  method  tor  adults  and 
larvae? 

a.  Contact  spray  application. 

b.  Ultra  low  volume  (ULV)  treatment  throughout  the  building. 

c.  Dusts  applied  to  carpet  pads. 

d.  Crack  and  crevice  treatment  with  residual  sprays. 

20,   (8 1 3)  Tile  insect  pests  mo.st  deslructivj  to  structures  at  military  activities  are 

^'^"^1^''  c.   carpenter  ants, 

b.   termites.  d.   carpenter  bees . 
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2  I .   (SI.M  Ihc  worker  caste  of  the  siihlLMrancan  iLMiiiilc  is  iniporlant  to  the  LiWony  as  a  whole  hcLiiusc  workers 

a.  protect  the  coh)iiy  IVoiii  invailers. 

h.  produce  eggs  to  sustain  the  colony. 

c.  produce  the  \'ooi\  lor  the  inenihers  of  the  coloir 

d.  feed  and  care  lor  all  the  other  members. 

12.   (SI4)  In  temperate  areas,  the  primary  subterranean  termite  reproductive  swarm  in 

a.  late  winter.  c-.  summer 

b.  spring,  cl.  Tail. 

23,  (N15)  What  iermiic  is  relati\ci\  new  to  N\>iiii  America,  inn  is  highl>  agiiressive  and  desiructnve  m  world  areas 
where  it  is  found? 

a.  Desert  termite.  c.    Northern  termite. 

b.  Kormosan  termite.  d.    hastern  termite. 

24,  (SI 5)  Whicli  termite  is  most  aggressive  when  its  nests  or  galleries  are  disturbed? 

a.  Light  southeastern  subterranean  termite. 

b.  Southeastern  subterranean  termite. 

c.  Kastern  subterranean  termite. 

d.  Formosan  termite. 

25,  (SIO)  When  inspecting  structures,  you  should  know  in  advance  all  of  the  follow  ing  cACc/yf: 

a.  what  termite  species  are  common  in  your  area. 

b.  the  signs  of  damage  commonly  caused  locally. 

c.  the  extent  of  an  infestation  when  it  occurs. 

d.  the  rehitive  age  of  any  infcstion  found. 

2<i.  (S  Id)  Hxploratory  tunnels  constructed  by  subterranean  termites  w  ill  usually  emerge 

a.  in  old  U>gs  and  wood  under  the  ground, 

h,  a  little  below  ground  level. 

c.  above  giound  level . 

d.  in  windows  and  doors. 

27,  (X!7)  \  hc  best  time  to  provide  protection  against  termites  is 

a.  immediately  after  construction  is  completed, 

b,  during  the  final  construction, 

c,  during  planning  and  construction, 

d.  one  year  after  construction  is  completed, 

2S.   (817)  'lo  ease  termite  inspection  in  buildings  with  crawl  spaces,  how  much  clearance  should  there  be  between 
the  ground  and  the  lowest  joist,  beam,  or  girder? 


a,  IS  inches. 

b.  24  inches. 


c.  30  inches, 

d.  36  inches. 
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(SIX)  At  what  rate  should  tcrniiticiclcs  be  applied  to  a  trench  aUnig  a  I'oundatioii? 

a.  I  gallon  per  10  linear  leet. 

b.  I  gallon  per  3  linear  feet, 
e.   2  gallons  per  10  linear  feel, 
d.   2  gallons  per  5  linear  feet. 

(SIX)  Whieh  ierniitieide  is  available  in  paste  form  and  -ives  -ood  penetration  u>  conUol  bolli  teiniites  ;uk1 
lungi? 

a.  Paradiehloroben/ene.  Diehlorv  os. 

b.  Pentachlorophenol.  tl  Chloroneb. 

(SIS)  Buildings  with  concrete  block  foundations  must  l)c  treated  for  lerniiies  by 

a.  drilling  holes  every  6  inches  and  injecting  chemical  at  the  rate  of  I  gallon  per  10  linear  feet. 

b.  drilling  holes  every  S  inches  and  injecting  chemical  at  the  rate  of  1  gallon  per  S  linear  feel. 

c.  drilling  holes  every  12  inches  and  injecting  1/2  gallon  per  hole. 

d.  drilling  holes  every  IS  inches  and  injecting  I  gallon  per  hole. 

1^>)  Dry-wood  termites  generally  live  in  wood  which  is 

a.  undecayed  and  low  in  moisture  content. 

b.  undecayed  and  moderate  in  moisture  content. 

c.  partly  decayed  and  moderate  in  moisture  content. 

d.  highly  decayed  and  low  in  moisture  content. 

(X20)  Which  termite  is  of  horticultural  importance,  attacking  underground  parts  of  slirubs  and  small  trees  ? 

a.  Rotten-wood  termite.  c.   Florida  damp-wood  termite. 

b.  Desert  damp-wood  termite.  a.    Powder-post  termite. 

(S2  1 )  The  easiest  way  to  survey  for  non-subterranean  termites  is  to 

a.  probe  wtHnien  timbers  with  an  awl. 

b.  use  a  moisture  detection  device  in  wood  members. 

c.  >ok  for  fecal  pellets  pushed  out  of  galleries. 

d.  Kk);  for  unpainted  or  poorly  painted  wood  being  attacked  by  fungi . 

(X22)  P(th(i  i/u  rawaUf  is  an  example  of  which  type  of  fungi? 

a.  White  rot.  c.   Stain  fungi. 

b.  Water  conducting.  Mold  fungi. 

(X22)  The  term  ^\!ry-rot^'  suggests  an  attack  on  wood  by 

a.  red-rot  fungi.  c.   brown-rot  fungi. 

b.  yellow-rot  fungi.  ti.   white-rot  fungi. 

(X23)  What  percentage  of  pentachtorophenol  is  recommended  to  make  wood  almost  completely  impervious  to 
water? 

a.  I  percent.  e.   5  percent. 

b.  3  percent.  10  percent. 
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3S.  (823)  'I*hc  niaxinuim  pcrniissihlc  moisture  content  for  sale  stcnagc  ot  lumhcr  hctor^-  it  is  dip-trcatcd  is 

a.    10  percent.  c.   30  percent, 

h.   20  percent.  d.   40  percent. 

3^>.  (824)  Which  one  of  the  powder  pnsi  hectics  is  idcntiricd  hy  larval  tunnels  tightly  packed  with  trass  ;nid  runniniz 
parallel  with  the  uinnl  grain? 

a.  I.yctidae.  c.  Hostrychidac. 

b.  Anobiidac.  d.  C'eranihycidae. 

40.  (824)  'I*he  hirvac  of  wliich  powder  jxist  beetles  attack  the  sapwood  of  pine,  oak,  hcccli,  alder,  and  willow  ? 

a.  Anobiidac.  c.  Bostrycliidac. 

b.  I.yctidae.  li.  Cerambycidae. 

41.  (825)  Which  ol'these  insect  pests  is  of  particular  importance  because  of  its  attacks  on  Hoot  joists,  sills,  beams, 
studs,  and  subtlooring? 

a.  Lesser  house  borer.  c.   Old  house  borer. 

b.  Greater  house  borer.  d.   Long-horned  wood  borer. 

42.  (826)  What  corrective  control  for  powder  post  beetles  is  used  to  treat  laid  llooring  in  buildings? 

a.  Brushing  with  an  oil  solution. 

b.  Spraying  with  an  oil  solution. 

c.  Spraying  with  pentachlorophenol. 

d.  Brushing  with  pentachlorophenol. 

43.  (827)  In  structures,  the  most  etTective  preventive  treatment  against  carpenter  bees  is  to 

A.  spra\  the  surface  with  pentachlorophenol. 

B.  spray  the  surface  w  ith  triehloroniethane. 

C.  spray  the  surface  with  chlorinated  hydrocarbons. 

D.  apply  a  heavy  protective  coating  of  paint. 

44.  (828)  I'he  common  lepidoptera  defoliators  that  feed  mainly  on  trees  such  as  apple,  aider,  birch,  oak.  and  willow 
arc  the 

a.  white-marked  tussock  moths.  c.   gypsy  moths. 

b.  fall  cankerworms.  d.   fall  web  worms. 

43.   (S2^))  Which  very  destructive  webbing  Ledidoptera  defoliator  spends  its  larval  stage  in  protected  coverings 
under  bark  scales? 

a.  Fall  cankerworm.  c.   Ha  stern  tent  caterpillar. 

b.  Fall  web  worm.  d.   Spruce  bud  worm. 

46.  (X30)  Lepidoptera  defoliators  that  are  seldom  seen  because  they  usually  remain  hidden  under  clods  of  earth  or  in 
the  topsoil  during  the  day  are  the 

a.  bagworms.  c.    fall  webworins. 

b.  Hastern  tent  caterpillars.  d.  cutworms. 
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17.   (S;.|)  The  larvae  o!  uhich  skeleioni/inu  deloliaiors  halcli  in  Mie  ^jromul  and  lecd  on  ckv;ivin-  Nc-.(aiion  nui 
plain  rO'>|s  .'  ... 

a.   Japanese  heelles.  c.    I-:ini  leat  heelles. 

h.   l  al!  eankeruornis.  j  c\il\Korms. 

4S.  The  ho!l\  leat  miner  is  the  hM\al  siaiieola 

a.  small  dark  or  veUow  ish  liv 

Iv  small  i:ra\  moth, 

e.  wedue-shapetl  beetle, 

d,  wliile  w  ith  hiaekspot  llv. 

4^).   (S32)  The  larvae  liial  eat  out  Ihe  inside  of  terminal  leaves  are 

li^^Hy  l^^^l  niiners.  e.    arhorviiae  leat  nnners. 

h.   hasswood  leat  miners.  ,L    birch  leat  niiners. 

."^0.  Cliemicai  control  ol  batiworms  is  cHcclivc  only  in  the 

a.    latcsununcr.  ^.  winter 

^i-   spring  and  early  sLinuncr. 

>\,   iS.U)  A  method  used  to  lessen  the  attack  of  bark  beetles  is  to 

a.  spray  die  tree  with  a  protective  paint. 

l^.  spray  the  surrountliiiii  I'oikiLic  with  herbicide. 

c.  cut  and  destroy  the  infested  tree. 

d.  score  niDuiKl  the  base  t>l  the  tree. 

>2.   {>^^5)  'Vo  kill  borer.s  within  wood  or  bark,  you  can  use 

a.  carbon  disulfide.  c.   calcium  carbonate. 

b.  pcntachlorophenol.  d.   fertilizer  and  water. 

(S36)  Which  pesticides  are  commonly  used  to  control  aphids  and  other  p!  jicst:>? 

a.  Dursban  and  malathion.  c.    Baygon  and  carbaryl. 

b.  Malathion  and  dimethoate.  tl.   Carbaryl  and  dia/.inon. 

.^4.   (838)  Which  sapsuckers  secrete  large  amounts  of  honcydew  that  often  falls  on  plant  parts  and  creates  a  medium 
for  black  soi>ty  molds? 

a.  I,acebugs.  c.   Scale  insects. 

b.  Spiltlebugs.  d.  Lcatlioppcrs. 

."^3.   (S37)  Summer  oils  should  nor  be  sprayed  if  the  temperature  is  above 

a-   32"  F.  c.   78°  F. 

64°  F.  d.   86°  F. 

(838)  Wire  worms  are  most  prevalent  in 

a.  dry  .sandy  .soils.  c.   pa.stures  and  hay  fields. 

b.  gardens  and  orchards.  d.   high  rainfall  areas. 


566.S()()3  22 


EKLC 


532 


57. 


(S3S)  Ni>rnKill\\  pavement  ants  arc  tound  in  lawns  in 


a.  the  Atlantic  C\)ast  states. 

b.  Texas  and  Liuisiana. 


c.  the  West  C\nist  states. 

d.  the  New  h"ngland  states. 


5S.   iXM))  VUc  best  way  io  distinguish  between  the  arniyworni  and  the  tail  arniywurni  is  ihe 

a.  Tall  arniywdnii  is  more  brill iantU'  colored. 

b.  army  worm  has  a  white  dot  on  each  forcv  inii. 

c.  army  worm  leeds  only  diirinvi  the  day. 

d.  rail  armyworm  remains  in  the  soil  at  night. 

>i)    (S4(M  One  or  the  iDost  dos(riicti\  c  ol  the  lurf-attacking  insects  is  the 

a,  leaf  bug.  c.   chinch  bug. 

b.  leatliopper.  d.   scale  insect. 

60.    {84  I )  Sitting  broken-up  sod  through  hand  sitters  is  the  recommended  method  lor  detectiiig  the  presence  ol 

a.  grubs.  c.  cutworms. 

b.  chinch  bugs.  d.  wirewornis. 

01 .  (842)  i  he  Methterranean  snail  that  is  consitlercti  io  be  the  most  destructive  is  the 

a.  Tfu'lni  pisiUHi ,  c.   Otala  Uu  tcii . 

b.  AchatuHi,  d.   Helix  asperta. 

02.  (S4.M  The  aestivation  of  snails  refers  to  the 

a.  ability  to  reproduce  asexually. 

b.  preparation  ot  a  nest  tor  eggs. 

c-   infestation  of  vegetation  by  snails. 

d.   period  of  dormancy  during  the  summer. 

6.V   (844)  When  inspecting  wheeled  and  tracked  equipment  for  snails.  \v»iat  is  reconmiended  in  lieu  of  or  in  addition 
to  exaii.i nation? 

a.  Subiiiersion  in  chemically  treated  water, 

b-  Spraying  with  diesel  oil, 

c.  Steam  or  water-jet  cleaning. 

d.  Treatment  by  infrared  lighting. 

04.  (845)  The  best  method  of  cultivating  soil  in  order  to  destroy  snails  and  snail  eggs  is 

a.  discing.  c.  turning. 

b,  cultipacking,  d.  harrowing. 

05.  (845)  What  predators  may  be  used  to  control  snails  and  slugs? 

a.  Hogs.  c.  SnaKes. 

b.  Chickens.  d.  Lizards. 

00.   (840)  Which  turf  disease  spreads  slowly  and  may  leave  a  characteristic  * 'smoke  ring**  in  the  infestetl  area? 

a.  Damping  off.  c.  Copperspot. 

b.  Dollarspot.  d.   Brown  patch. 
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()7.  Which  liirt'erass  disease  is  uuiicatcd  by  the  presence  ol"gre\  ish.  cohueh-like  nncelia  in  ihe  cail\  i;ioinin*j 

while  clew  is  present? 

a.  Brown  patch.  c.    Dollar  spot, 
h.   C*oi>per  spot.                                                     tl.    DanipinLiot  l  . 

OS.   (tS47)  In  ci>ntrolling  damping  oi  l  .  which  of  these  tungicides  may  be  used  as  a  pre-planiing  seed  trealiiienC* 

5  i;:!  ^  :  i-  c.  Bcnomyl. 

b.  Manco/cb.  d.  Ihiram. 

M.   {Ml)  When  usine  turf  funuicides  to  control  an  existinu  funuus  infestaiion.  h  o\\  shoiiUi  \ou  5^cneiallv  schedule 
applications  ? 

a.  Conduct  two  treatments         days  apart. 

U.   C*onducl  live  treatments       days  apart. 

c.  C\>ntluct  monthly  treatments  throughout  the  summer. 

d.  Conduct  ueekly  treatments  tor  a  month. 

70.  (S4S)  A  stem  disease  that  jiroduces  roughly  circular  bulbs  and  contains  abundant  callus  is 

a.  I^ilTuse  cankc!'.  c.  Anthrucnose. 

b.  'I'arget  canker.  d.    Fusarium  blight . 

71.  (S4tS)  If  tlicre  is  a  U>ss  ot dead  areas  inside  spots  on  leaves,  resulting  in  a  series  of  holes,  which  oiiiamenlal 
disease  is  indicated? 

a.  Ixafblisler.  c.    Powdery  mildew. 

b.  Sliot-hole.  d.   Leaf  blotch. 

72.  (tS49)  I  k>w  often  should  fungicides  be  applied  to  control  leaf  diseases  ? 

a.  Once  in  the  spring.  c.   Hvery  2  weeks. 

b.  Fvery  week,  d.   Every  3  weeks. 

7.V  (tSfiO)  Nematodes  are  classified  as 

a.  free-living.  c.   animal  parasites. 

b.  plant  parasites.  d.   all  of  the  abo\'c. 

74.  {X.Sj)  Which  rtH>t-type  nematode  attacks  fruit  trees? 

a.  Koot-knot.  c.  Lance. 

b.  Meadow.  d.   Stubby  root. 

7S    (SS?)  What  has  been  the  nu)si  successl  ul  mellunl  of  controlling  nematodes  .* 

a.  <,>nai  anlnu  s  t      I  h*i  bu  uU  s 

b.  Soil  tuniigalion.  d.    Waler-Llispcrsal  ncmatockies. 
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(tiacv  an  '.V  *  through  number  in  box  to  left  of  service  requested) 


Request  ac^dress  change  as  indicated  in  Section  I.  Block  8. 


Request  Test  Control  Office  change  as  indicated  in  Section  I,  Block  10. 


Request  name  change/correction 
(Provide  Old  or  Incorrect  data) 


10.  TE»-|   CONTROL  OFFICE  ZIP  CODE/SHRED  (33  39) 


FOR  ECI  USE  ONLY 


Request  Grade/Rank  change/correction. 


Correct  SSAN.  (List  incorrect  SSAN  here) 
(Correct  SSAN  should  be  shown  In  Section  I) 


Extend  course  completion  date.        (Justify  in  REMARKS) 


Request  enrolimant  cancellation.      (Justify  in  REMARKS) 


Send  VRE  answer  sheets  for  Vol(s):  1  234S6789 
Originals  were:    □  Not  received      □  Lost     □  Misused 


Send  course  materials.  (Specify  in  REMARKS) 
□  Not  received      □  Lost       □  Damaged 


Course  exam  not  yet  received.  Final  V  RE  submitted  for  grading  on 


.(date). 


Results  for  VRE  Vol(s)  1  234SG789  not  yet  received. 
Answer  sheet(s)  submitted ^  (date). 

Results  for  CE  not  yet  received.  Answer  sheet  submitted  to  ECI  on 


. (date). 


Previous  inquiry  (□  ECI  Fm  17.    □  Ltr,    □  Msg)  sent  to  ECI  on_ 


(date). 


Give  instructional  assistance  as  requested  on  reverse. 


Other  (Explain  fully  in  REMARKS) 


REMARKS  (Continue  un  kwersej 
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wji  &TUDb.ra  i!»  muit  hav«  th«lr  DJT  AdmlnUtrator 
certify  thii  requcit. 

1  certify  that  th«  Information  on  thli  form  li  jccurJte  and  that  this  request  cjnnot  be 
answered  at  this  itatlon.  (Sifinaturc) 
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preface  of  each  volume.  All  other  inquiries  concerning  the  course  should  be  forwarded  to  ECl, 


Course  No  . 
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VRE  Form  No  

VRE  Item  No   
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Has  VR£  Answer  Sheet 
been  submitted  foi  grading? 

□  Yes       □  No 
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answer  I  chose  can  be 
founr]  as  shown  below) 

In  Volume  No  

On  Page  No  

In    Dleft    □  right  column 

Lines   Through  

REMARKS 


VRE  Item  Questioned: 


MY  QUESTION  IS: 


(Letter) 


REFERENCE 


ADDITIONAL  FORMS  17  available  from  trainers.  OJT  and 
Education  Offices,  and  ECl.  Course  workbooks  have  a  Fo.m  17 
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Preface 


THIS  SIXTH  volume  of  CDC  56650  was  written  to  teach  you  about  the  many  vertebrate  pests  that  have 
daily  impact  on  Air  Force  installations  and  operations.  As  in  Volumes  4  and  5,  you'll  be  studying 
identification  and  biological  characteristics,  survey  techniques,  ajul  control  measures  you  can  take  to 
correct  problems  caused  by  these  animals. 

Chapter  1  discusses  rodents  and  is  divided  into  two  parts.  Part  one  is  about  domestic  rodents — Norway 
rats,  roof  rats,  and  house  mice;  part  two  w  ill  discuss  field  rodents  such  as  native  mice  and  rats,  squirrels, 
and  pocket  gopher.,. 

In  Chapter  2  you'll  learn  about  birds  and  how  they  affect  us  as  medical  and  economic  pests  and  as 
hazardous  pests  on  airfields.  In  the  lessons  on  bird  control,  you'll  see  the  influence  of  integrated  pest 
management  very  clearly,  since  chemical  control  is  always  a  very  final  resort  compared  to  the  many 
nonchemical  control  methods  you  have  available  in  this  area. 

Chapter  3  will  discuss  a  variety  of  vertebrate  pests,  some  of  them  occasionally  thought  of  as  rodenls,  but 
in  different  families.  You'll  learn  about  rabbits  and  hares,  bats,  skunks,  and  moles — problems  you'll  meet 
on  a  less  regular  basis  than  other  pests. 

Vertebrate  pest  control  offers  you  many  interesting  work  opportunities  as  a  pest  management  specialist. 
Whereas  you  can  basically  expect  invertebrate  pests  to  act  instinctively  in  a  given  situation,  vertebrate  pests 
often  exhibit  a  great  ability  to  learn  just  as  you  do.  This  learning  ability  may  often  have  an  impact  on  what 
controls  will  work  best  for  you.  Keep  these  factors  in  mind  both  as  you  study  this  volume  and  as  you 
manage  these  pests  in  the  field. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in  this  publication  is 
for  information  purposes  only  and  does  not  imply  indorsement  by  the  Air  Force, 
This  volume  is  rated  at  27  hours  (9  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  July  1984, 


533 


Acknowledgement 


PREPARATION  OF  this  volume  was  aided  through  the  cooperation  and  courtesy  of 
Harcourt  Brace  Jovanovich,  publishers  of  the  Scientific  Guide  to  Pest  Control 
Operations,  3rd  edition,  and  Pest  Control  magazine.  Information  from  these  sources 
helped  greatly  in  preparing  information  and  illustrations  on  domestic  rodents  and  pocket 
gophers.  In  accordance  with  the  copyright  agreement,  distribution  of  this  volume  is 
limited  to  DOD  personnel . 

Gie,  Inc.,  Publishers  further  enhanced  development  of  this  volume  by  their  cooperation 
and  courtesy  in  permitting  the  use  of  past  issues  of  Pest  Control  Technology  magazine. 
Past  issues  of  this  magazine  assisted  greatly  in  developing  the  discussions  of  domestic 
rodent  control  and  skunk  characteristics  and  controls. 

Permission  to  use  materials  by  both  of  these  publishers  is  gratefully  acknowledged. 


IV 

5  •  1  ( ) 


Contents 


Preface   /// 

Acknowledgment   iv 

Chapter 

1  Rodents   I 

2  Birds   26 

3  Miscellaneous  Vertebrate  Pests   50 

Bibliography   63 

Answers  for  Exercises   64 


541 


ERIC 


CHAPTER  1 


Rodents 


THE  DOMESTIC  RODENT  is  a  major  problem  on  military 
installations.  One  of  your  primary  duties  is  lo  control  these 
pests.  Not  only  must  you  contend  with  the  domestic  rodent 
but  you  must  control  several  field  rodents  including  rabbits, 
hares,  moles,  shrews,  and  predatory  animals.  This  chapter 
covers  these  pests,  as  well  as  bats  and  birds. 

1-1.  Domestic  Rodents  (Order  Rodentia,  Family 
Muridae) 

Three  species  of  murine  rodents  live  in  close  association 
with  humans:  the  Norway  rat  {Rattus  norvegicus),  the  black 
or  roof  rat  {Rattus  rattus),  and  the  house  mouse  (Mus 
musculus).  These  three  imported  murine  rodents  are  far 
more  important  to  humans  and  their  property  than  are  the 
rodents  that  are  native  to  the  United  States.  One  or  more  of 
these  three  are  found  almost  everywhere  people  live. 
(  Because  these  rodents  live  near  humans,  they  are  also 
known  as  the  domestic  rodents.  This  section  deals  with  the 
importance,  identification,  life  cycle,  habits,  habitats,  and 
control  of  the  murine  rodents. 

AOl.  State  the  importance  of  domestic  rodents. 

Murine  rodents  inhabit  the  buildings  and  destroy  the  food 
and  property  of  humans.  They  also  endanger  human  well- 
being  by  being  the  reservoir,  or  vector,  for  such  diseases  as 
plague,  murine  typhus,  salmonellosis,  leptoapirois,  and 
rickettsialpox.  They  are  hosts  for  the  ectoparasites  that  are 
the  actual  vectors  of  some  of  these  diseases.  We  will  divide 
this  discussion  of  the  importance  of  murine  rodents  into  two 
parts:  economic  and  medical. 

Economic  Importance.  The  murine  rodents,  especially 
the  roof  and  Norway  rats,  cause  tremendous  financial  losses 
each  year  by  destroying  and  contaminating  food,  killing 
poultry  and  other  domestic  animals,  and  destroying 
properly. 

Destruction  of  food.  Rats  eat  millions  of  bushels  of  grain 
each  year.  They  eat  it  in  the  fields,  grain  elevators, 
processing  mills,  trucks  and  trains,  stores,  and  homes. 
Because  rats  are  omnivorous,  this  eating  cycle  can  apply  to 
various  stages  of  many  other  products. 

Contamination  of  food.  Rats  and  mice  commonly 
excrete  wastes,  both  feces  and  urine,  as  they  feed,  so  they 
contaminate  and  make  unfit  for  human  consumption  about 
I  three  times  as  much  food  as  they  eat.  To  give  you  an  idea  of 
the  amount  of  damage  that  is  possible,  rats  drop  from  25  to 
100  pellets  a  day  and  excrete  10  tc  20  cc  of  urine  each  day. 


Another  way  rodents  contaminate  food  is  by  shedding  body 
hairs. 

Destruction  of  poultry  and  other  domestic  animals.  Rats 
may  destroy  hundreds  of  baby  chicks  in  1  night,  and  they 
have  seriously  injured  young  pigs,  lambs,  and  calves.  This 
type  damage  can  become  a  major  problem,  because  rats  kill 
not  only  for  food  but  also  for  the  sake  of  killing. 

Property  destruction.  Rats  df.stroy  by  gnawing.  They 
will  gnaw  through  such  items  as  concrete,  brick,  wood,  and 
even  metal.  Such  gnawing  coild  cause  a  fire  should  a 
rodent  gnaw  through  the  insuluion  on  electrical  wiring. 
Fire  could  also  occur  through  spontaneous  combustion  from 
flammable  materials  gathered  as  nesting  materials. 
Burrowing  rodents  can  also  cause  severe  damage  to 
structures  or  runways  as  they  undermine  and  weaken  these 
facilities.  Rodents  on  aircraft  are  very  dangerous  because 
their  consistent  gnawing  habit  could  damage  electrical 
lines,  pneumatic  lines,  or  control  cables. 

Medical  Importance.  Although  many  diseases  are 
transmitted  by  the  rat,  only  the  ones  of  importance  to 
people  will  be  discussed  here. 

Murine  typhus  fever.  This  disease  is  transmitted  from 
rats  (the  reservoir)  to  humans  by  the  rat  flea.  It  is  similar  to 
epidemic  typhus,  which  is  transmitted  by  human  lice.  The 
rickettsial  organisms  cause  the  disease  to  enter  the 
bloodstream  when  feces  of  infected  fleas  are  rubbed  or 
scratched  into  a  fleabite  wound  or  broken  skin  tissue, 

P!ague.  A  plague  reservoir  exists  in  wild  rodents  of  the 
Western  States  and  is  transmitted  from  rodent  to  rodent  and 
from  rodent  to  humans  by  the  bite  of  rodent  fleas.  There  is 
always  a  danger  that  domestic  rodents  will  become  infected 
and  carry  the  infection  to  people.  This  disease  is  usually 
fatal  to  rats,  fleas,  and  humans, 

Leptospirosis  (Weil's  disease).  Human  infections  result 
from  direct  or  indirect  contact  with  the  infected  urine  of 
rodents.  The  spirochetes  living  in  water  or  on  food  may 
enter  through  mucous  membranes,  minute  cuts,  or  skin 
abrasions.  Therefore,  Weil's  disease  is  more  often  found  in 
i^aiiors,  miners,  sewer  workers,  fish  or  poultry  dealers,  and 
abattoir  (slaughterhouse)  workers, 

Ratbite  fever.  The  bacteria  that  cause  this  disease  are 
found  on  the  teeth  and  gums  of  many  rats  and  are 
transmitted  from  a  rat  to  a  person  by  a  ratbite.  The  most 
common  ratbite  fever  in  the  United  States  is  called 
Haverhill  fever. 

Salmonellosis.  Salmonellosis  is  a  food  poisoning  disease 
that  causes  diarrhea  and  dysentery.  It  is  spread  in  several 
ways.  One  way  is  by  contamination  of  edible  materials  with 
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rat  feces  containing  infective  bacteria.  Salmonellosis  is  a 
common  disease  found  worldwide. 

Rickettsialpox.  The  disease  is  transmitted  from  the  house 
mouse  to  humans  by  the  bite  of  a  mite  that  the  mouse 
harbors.  Rickettsialpox  is  a  mild,  nonfatal  disease  which 
resembles  chickenpox.  Although  these  diseases  may  not  be 
major  problems  in  the  United  States  at  the  present  time, 
there  is  always  the  possibility  of  a  major  outbreak  as  long  as 
rodents  arc  living  near  humans.  Also,  as  a  member  of  the 
military,  you  may  be  sent  to  areas  '  here  epidemics  of  these 
diseases  are  frequent;  therefore,  you  should  be  familiar  with 
the  vectors,  hosts,  and  reservoirs  of  each  of  the  diseases. 


Exercises  (AOl): 

1.  Murine  rodents  inhabit  the 
 and  of  humans. 


and  destroy  the 


2,  List  several  places  where  rats  eat  millions  of  bushels  of 
grain  a  year. 


3,  Rats  and  mice  commonly  excrete  wastes,  both 


and  ,  as  they   ,  so  they  contaminate  and 

make  unfit  for  about  three  times  as  much 

 as  they  eat. 


4,  Why  do  rats  kill? 


5,  Rats  will  gnaw  through  what  kinds  of  items? 


6,  Fire  could  occur  through 


from  flammable 


materials  gathered  for  materials. 


7,  What  transmits  murine  typhus  fever  to  humans? 


8,  The  bacteria  that  causes  ratbite  fever  are  found  on  the 
 and  of  many  rats  and  are  transmitted  from 


rats  to  humans  by  the  of  the  . 


9,  Rickettsialpox  is  transmitted  from  the 


to 


humans  by  the  of  a  mite  that  the  harbors. 


10,  Where  is  salmonellosis  commonly  found? 


A02.  Distinguish  among  the  roof  rat,  Norway  rat,  and 
houf  e  mouse,  by  their  features  and  their  droppings. 

Field  Identification  of  Domestic  Rodents.  Rodent 
control  measures  cannot  be  effective  unless  you  know  with 
which  rodent  you  must  deal.  Thus,  you  must  know  how  to 
identify  the  three  most  important  species  of  murine  rodents. 
Table  1-1  lists  the  physical  characteristics  of  each. 
Identifying  factors  other  than  physical  characteristics,  such 
as  droppings,  gnawings,  or  trails,  sometimes  will  be  your 
only  clues  to  a  correct  identification.  See  figure  1-1  for 
examples  of  the  different  types  of  rodent  droppings, 

Norway  rat.  The  Norway  rat  {Rattus  norvegicus), 
predominantly  a  burrowing  rodent,  is  the  most  common  and 
largest  of  the  domestic  rats.  Numbers  of  this  pest  are 
generally  distributed  throughout  the  United  States  and  the 
temperate  regions  of  the  world.  In  addition  to  the 
characteristics  in  table  1-?,  the  Norway  rat's  fur  is  coarse 
and  reddish  brown.  It  droppings  are  large  (up  to  three- 
fourths  inch  long)  a.  i  capsule  shapped.  It  is  sexually 
mature  in  3  to  5  months;  its  gestation  period  averages  22 
days;  and  it  can  have  3  to  6  litters  per  year  with  8  to  12  in 
each  litter.  It  lives  about  1  year,  with  harborage  at  ground 
level,  and  burrows  in  the  ground,  under  building 
foundations,  and  in  rubbish  dumps.  Its  range  is  often  100  to 
150  feet.  It  is  omnivorous,  daily  eating  3/4  to  1  ounce  of 
garbage,  meat,  fish,  and  cereal  and  drinking  1/2  to  1  ounce 
of  water. 

Roof  rat.  The  roof  rat  (Rattus  rattus),  an  agile  climber,  is 
a  middle-sized  rodent  with  a  range  confined  largely  to  the 
South  and  ♦o  the  Pacific  coast  in  the  United  States,  It  is 
found  most  aboundantly  in  the  tropical  or  temperate  regions 
and  is  rare  or  absent  in  the  colder  portions  of  the  world.  Its 
fur  has  three  color  phases  in  the  United  States:  the  black  rat 
{Rattus  rattus)  is  black  to  slate  gray;  the  Alexandrine  rat 
{Rattus  rattus  alexandrinus)  is  tawny  above  and  grayish 
white  below;  and  the  fruit  rat  {Rattus  rattus  frugivorus)  is 
also  tawny  above  with  a  white-to- lemon-colored  belly.  The 
droppings  are  medium  sized  (up  to  1/2  inch  long)  and 
spindly  shaped.  It  reaches  sexual  maturity  in  3  to  5  months, 
with  an  average  22-day  gestation  period,  and  it  has  4  to  6 
litters  per  year  with  about  6  to  8  in  each  litter.  The  female 
actually  weans  about  20  per  year.  It  lives  about  1  year  with 
harborage  above  ground  level,  indoors  in  attics,  and 
between  walls;  outdoors  in  trees  and  dense  vine  growth.  Its 
range  and  feeding  habits  are  almost  identical  to  the  Norway 
iat. 

House  mouse.  The  house  mouse  {Mus  musculus^  the 
smallest  of  the  domestic  rodents,  is  widespread  and 
abundant  throughout  the  United  States,  It  is  found  from  the 
Tropics  to  the  Arctic  regions  throughout  the  world.  Its  adult 
weight  is  about  1/2  ounce,  its  fur  is  dusky  gray,  and  its 
droppings  are  small  (1/8  inch  long)  and  red  shaped.  It 
reaches  sexual  maturity  in  P/2  months.  Its  gestation  period 
averages  19  days,  with  as  many  as  8  litters  per  year. 
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TABLE  1-1 
ADULT  DOMESTIC  RODENT  CHARACTERISTICS 


Species 

Norway  Rat 
(Rattus  norvegicus) 

Roof  Rat 
( Rattus  rattus) 

House  Mouse 
(Mus  musculus) 

Weight 

10-17  oz 
(280-480  gm) 

4-12 

(110-340  gm) 

1/2-3/4  oz 
(14-21  gm) 

Total  length 
(Nose  to  tip 
of  tail 

12  3/4-18  in 
(325-460  mm) 

13  3/4-17  3/4  in 
(350-450  mm) 

6-7  1/2  in 
(150-190  mm) 

Head  and 
Body 

Blunt  muzzle; 
heavy  thick  body 
7-10  in 
(180-255  mm) 

Pointed  muzzle; 
slender  body 
6  1/2  -  8  in 
(165-205  mm) 

Smal  1 

2  1/2-3  1/2  in 
(65-90  mm) 

Tail 

Shorter  than  head 
plus  body,  carried 
with  much  less 
movement ,  com 
paratively,  than 
roof  rat.  Lighter- 
colored  on  under 
si  de  at  al 1  ages . 
6-8  1/2  in 
(150-215  mm) 

Longer  than  head 
plus  body  generally 
movi  nq  whi  p-1 i  ke , 
uniform  coloring 
tip  and  bottom  at 
all  ages  and  for  al 1 
subspeci  es . 
7  1/2-10  in 
(190-255  mm) 

Equal  to  or  a  1 ittle 
longer  than  body 
plus  head, 
3-4  in 
(75-10  mm) 

Ears 

Smal 1 ,  cl ose  set , 
appear  hal f  buried 
in  fur.  Rarely 
over  3/4  in 
(20  mm) 

Large ,  prominent , 
stand  well  out  from 
fur.     General ly 
over  3/4  in  (20  mm) 

Prominent ,  1  arge 
for  si  ze  of  animal , 
1/2  in  (15  mm)  or 
less 

Hind  Foot 

Usual ly  over 
1  1/2  in  (40  mm) 
from  heel  to  tip  of 
longest  toe. 

General ly  1  ess  than 
1  1/2  in  (40  mm) 
from  heel  to  tip  of 
longest  toe. 

Feet  are  shorter, 
darker,  and  broader 
than  most  wold  mice. 
Generally  less  than 
3/4  in  (20  mm)  from 
heel  to  tip  of  langest 
toe , 

averaging  5  to  6  young  per  litter  for  an  average  of  30  to  35 
weaned  per  year  by  each  female.  In  comparing  the  house 
mouse  to  the  young  rat,  you'll  find  that  its  feet  and  its  head 
are  much  smaller  than  those  of  the  young  rat. 

Exercises  (A02): 

1.  Using  figure  1-2  and  table  1-1,  place  in  the  numbered 
spaces  descriptive  statements  which  distinguish  these 
murine  rodents  from  one  another. 


Droppings  of  these  murine  rodents  are 
a.  Small  (1/8  inch  long),  rod  shaped.  The  rodent  is 
the  


Large  (up  to  3/4  inches  long)  capsule  shaped.  The 
rodent  is  the  . 
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NORWAY  RAT  (BLUNT) 
AVERAGE  LENGTH  3/4 

ROOF  RAT  (POINTED) 
AVERAGE  LENGTH  1/2 

HOUSE  MOUSE  (POINTED) 
AVERAGE  LENGTH  1/4 

Figure  1-1 .  Comparison  of  domestic  rodent  droppings. 


c.  Medium  size   (up  to  1/2 
shaped.  The  rodent  is  the  - 


inch  long),  spindle 


A03.  Verify  or  correct  statements  that  cite  domestic 
rodent  habits. 

Habits  of  Domestic  Rodents.  To  control  domestic 
rodents  effectively,  you  must  icnow  about  their  habits.  This 
objective  covers  the  general  activity,  reaction  to  strange 
objects,  climbing,  jumping,  swimming,  nesting, 
burrowing,  and  gnawing  habits  of  murine  rodents. 

General  activity.  Young  rats  and  mice  gradually  become 
familiar  with  their  surroundings  during  a  "training"  period 
with  their  mother.  Their  first  trips  away  from  the  nest  are 
often  by  accident.  Nursing  young,  clinging  to  their 
mother's  nipples,  are  sometimes  dragged  from  the  nest  as 
she  leaves.  Later  they  may  follow  her  for  a  short  distance 
when  she  leaves  the  nest.  This  habit  of  following  increases 
until  finally  they  regularly  accompany  her  as  she  goes  about 
her  normal  activities.  During  this  period  they  learn  their 
home  area  by  associating  with  and  imitating  their  mother. 
There  is  no  evidence  that  she  consciously  tries  to  teach 
them.  They  learn  by  imitation  and  experience  as  they 
accompany  her  on  forays.  By  the  time  the  youngsters  are  3 
months  old,  they  are  veiy  active  and  are  completely 
independent.  This  level  of  activity  remains  high  until  they 
are  about  9  months  old,  when  old  age  overtakes  them  and 
they  slowdown. 

When  food  is  abundant,  the  rat  shows  the  greatest 
activity  during  the  first  half  of  the  night.  The  rat  becomes 
most  active  at  or  shortly  after  dusk.  This  activity  continues 
until  about  the  middle  of  the  night.  The  house  mouse  shows 
a  similar  pattern  of  nocturnal  activity,  and  it  shows  a 
second,  lesser  activity  peak  starting  well  after  midnight  and 


lasting  until  dawn.  Superimposed  on  this  nocturnal  activity 
are  short  periods  of  restlessness  and  activity  periods  that  are 
related  to  periodic  stomach  contractions  in  the  rat.  The 
major  pattern  of  noctural  activity  breaks  down,  however, 
when  the  rat  is  hungry. 

Knowing  where  the  rats  and  mice  are  likely  to  go  is 
important  in  such  control  procedures  as  rat-proofing.  They 
like  lio  use  regular  paths  or  runways,  especially  along  walls 
or  objects  that  present  a  vertical  plane.  When  a  rat  or  mouse 
wants  a  piece  of  food,  it  will  run  under  and  behind  things 
until  it  gets  as  close  to  the  food  as  it  can.  Then,  if  the  food  is 
in  the  open,  a  short  dash  is  the  only  exposure  to  danger.  The 
farther  away  from  runways  that  traps  or  baits  are  placed,  the 
smaller  the  chance  that  they  will  be  visited. 

Reaction  to  strange  objects.  Rats  and  mice  very  often 
carefully  avoid  strange  objects,  even  strange  food.  This 
habit  contributes  greatly  to  their  ability  to  survive  even  in 
the  most  dangerous  environments.  Strange  objects  may  be 
dangerous  or  even  deadly.  It  is  to  the  rodent's  advantage  to 
investigate  them  very  cautiously.  Interestingly,  this 
"siTange-object"  reaction  has  led  to  many  stories  about  the 
"wily"  and  "highly  intelligent"  rat.  The  answer  to  a  great 
number  of  these  stories  is  that  the  rat  recognized  the  trap 
only  as  a  strange  object  to  be  avoided,  not  specifically  as  a 
trap.  Probably  one  of  the  reasons  it's  so  hard  to  kill  the  last 
few  rats  or  mice  in  a  building  is  that  these  survivors  have 
the  strongest  reaction  to  strange  objects,  so  they  avoid  all 
new  attempts  to  kill  them.  Rats  may  avoid  new  food  for 
several  days.  This  is  an  important  fact  in  poisoning.  When 
the  rat  or  mouse  first  starts  to  take  a  new  food,  it  may  only 
take  "token"  amounts.  If  these  amounts  hold  a  sublethal 
dose  of  poison,  they  may  make  the  animal  sick  and  thus 
strengthen  the  avoidance  reaction.  This  is  the  biologic  basis 
for  using  unpoisoned  bait,  or  prebaiting,  before  you  add  the 
poison.  The  feeding  studies  also  indicate  that  hunger 
causes  the  avoidance  of  strange  objects  to  break  down  more 
quickly. 


FIELD  IDENTIFICATION   OF  DOMESTIC  RODENTS 


ROOF    RAT  (Rattus    raff  us) 


NORWAY   RAT  (Rattus  norvegicus) 


YOUNG  RAT 


HOUSE  MOUSE 
(M  u s  musculus) 


CFB-010A 


Figure  1-2.  Comparison  of  rodent  physical  characteristics  (objective  A02, 

exercise  1). 
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In  environments  where  strange  objects**  appear 
regularly,  rats  and  mice  may  show  little  or  no  evidence  of 
the  avoidance  reaction.  Tliis  is  particularly  true  in  such 
places  as  warehouses,  where  there  is  a  constant  turnover  in 
harborage  and  food.  Also,  rats  are  less  suspicious  when 
they  first  enter  a  building,  since  everything  is  new  and  they 
must  learn  the  new  environment  rapidly.  They  can  be 
trapped  or  baited  more  easily  at  this  time.  Perimeter  control 
programs  work  well  because  they  intercept  rats  migrating 
into  the  area  when  they  are  more  easily  trapped  or  baited. 
Once  the  rat  has  explored  it's  new  home  and  settled  down, 
it  becomes  suspicious  of  changes. 

Climbing  ability.  Roof  rats  and  house  mice  are 
notoriously  good  climbers,  and  even  the  Norway  rat  can 
climb  well  if  it  has  to.  There  are  records  of  Norway  rats 
having  crossed  wide  city  streets  by  walking  telephone 
wires.  This  use  of  wires  is  common  among  roof  rats  and 
house  mice. 

Rats  and  mice  can  climb  the  vertical  walls  of  most  brick 
buildings.  This  is  understandable  for  the  sr^aller  house 
mouse,  but  even  the  larger  rats  can  climb  any  vertical 
surface  where  they  can  get  a  toenail  hold.  Run  your 
fingernail  over  the  surface  of  the  average  brick  building, 
and  you  can  see  how  easily  a  rodent  could  hang  on.  Even 
stucco  is  often  rough  enough  for  ready  climbing.  Vine- 
covered  walls  are  perfect  runways,  and  since  the  vines 
afford  concealment  they  can  be  climbed  if  there  is  a  pipe,  a 
comer,  or  something  else  against  which  the  rat  or  mouse 
can  brace  its  back.  Rats  have  been  found  using  both  the 
outside  and  inside  of  rusty  3-inch  pipes  placed  against 
walls,  Nailheads  or  screwheads  placed  too  close  together 
can  serve  as  steps  for  rodents  to  climb.  Rats  have  crossed 
sheet  metal  flashing  by  catching  the  top  edge  with  the  claws 
of  their  forefeet  and  swinging  across  overhand.  Improperly 
installed  sheet  mental  guards  can't  stop  rats — not  even  the 
large  rat  guards  used  on  ship  mooring  lines. 

In  rodent  control  work,  however,  we  must  draw  a  line 
between  the  possible  and  the  probable  in  rodent  climbing. 
For  example,  it  is  possible  for  rats  to  climb  most  types  of 
vertical  walls,  but  the  chance  of  rats  climbing  these  walls 
without  supporting  wires  or  pipes  is  quite  remote. 
Remember  that  rats  and  mice  aren't  out  to  climb  every  wall 
they  see.  They  work  only  as  hard  as  is  necessary,  and  only 
hunger  or  lack  of  shelter  drives  them  to  the  acrobatics  we've 
been  talking  about.  This  greatly  simplifies  the  precautions 
against  rat  entry  and  reduces  ratproofmg  costs. 

Jumping  ability.  Because  rats  can  reach  as  far  as  13 
inches  along  smooth  vertical  walls,  a  safety  factor  must  be 
added  to  rat  guards.  The  distance  that  should  be  completely 
clear  of  possible  holding  points  is  18  inches.  Rats  can  make 
a  standing  high  jump  of  nearly  2  feet.  With  a  running  start 
and  a  bounce  against  the  vertical  surface  two-thirds  of  the 
way  up  to  give  them  a  boost,  some  can  jump  a  little  more 
than  3  feet.  Even  the  much  smaller  house  mouse  can  jump 
lore  than  3  feet  high.  Jumping  out  and  down  from  a  height 
>f  15  feet,  a  rat  can  cover  a  horizontal  distance  of  8  feet.  It 
can  do  even  better  with  a  running  start. 

Swimming  ability.  All  three  of  the  domestic  rodents  are 
good  swimmers,  but  rats  have  been  known  to  swi;  .  as  far  as 
1/2  mile  in  open  water.  There  are  reports  that  rats  swim  up 


through  Hoor  drains  williout  hesitation.  They  probably 
come  from  manhole  or  other  break  in  the  sewer  line.s, 
although  rats  may  live  in  the  sewer  itself.  On  some  bases, 
rats  may  use  the  older  sewer  systems  as  regular  highway.s.  If 
you  are  responsible  for  ratproofing  inspection,  be  familiar 
with  the  layout  of  the  major  sewer  lines  in  your  area. 
Infonnation  is  especially  important  on  small  lines  that 
weren't  removed  when  larger  mains  were  laid. 

Nesting.  Rats  and  mice  will  nest  wherever  they  can  find 
safety  close  to  food  and  water.  They  can  use  holes  or 
burrows  in  the  ground  to  hide  and  nest  outdoors.  In 
buildings,  they  use  double  walls,  the  space  between  walls 
and  ceilings,  closed-in  spaces  around  counters,  or  any  place 
hidden  from  view  that  enemies  cannot  reach.  The  more 
rubbish  that  is  piled  around,  the  more  objects  that  are 
stacked  in  comers  or  closets,  the  greater  the  number  of 
hiding  and  nesting  places. 

Generally,  rats  and  mice  build  their  nests  in  hiding  places 
that  are  relatively  quiet.  They  gather  whatever  soft  material 
is  nearby  or  tear  up  paper  and  cloth  to  line  the  nest.  Rat 
nests  generally  are  bowl  shaped  and  about  8  inches  in 
diameter.  Occasionally,  they  are  completely  roofed  over.  In 
addition  to  cloth  and  paper,  such  materials  as  grasses, 
excelsior,  small  twigs,  and  other  soft  materials  may  be 
used. 

Mouse  nests  are  similar  to  rat  nests  but  are  smaller — 
about  5  inches  in  diameter.  Normally,  they  are  completely 
covered,  and  entrance  is  through  a  small  hole  in  one  side. 
Nest-building  activity  is  greatest  just  before  young  are  bom 
and  at  the  start  of  cold  weather. 

In  addition  to  disclosing  nesting  sites,  a  careful  search 
may  reveal  hidden  resting  and  feeding  stations  somewhere 
between  the  food  supply  and  the  nest  or  burrow  entrance. 
To  these  spots  the  mice  and  rats  carry  or  drag  food,  and  they 
leave  behind  feces,  food  wrappings,  and  scraps.  The  ideal 
condition,  of  course,  is  where  harborage  is  such  that 
runways,  too,  can  be  concealed.  Too  often  this  condition  is 
found  around  homes  and  business  places. 

Burrowing.  The  three  murine  rodents  differ  considerably 
in  their  tendency  to  burrow.  This  habit  is  most  highly 
developed  in  the  Norway  rat.  As  an  adaptation  to 
burrowing,  the  ears  of  this  species  are  small,  and  the  hairs 
in  the  ear  openings  keep  dirt  out.  The  roof  rat  is  more 
adapted  to  ?  life  of  climbing,  it  burrows  only  in  areas  where 
Norway  rat&  absent.  Its  burrow  system  is  seldom 
extensive.  House  mice  burrow  where  other  harborage  is  not 
available.  In  and  around  buildings  mice  seldom  have 
trouble  finding  cover,  but  in  open  fields  they  burrow  well 
and  extensively. 

Because  of  a  peculiarity  in  rat  burrowing  habits,  rodent- 
control  workers  have  developed  tne  L-shaped  curtain  wall 
to  protect  buildings  from  rat  entry  under  the  foundation 
walls  (fig.  1-3).  Rats  and  mice  often  start  a  short  distance 
away  and  burrow  at  an  angle  toward  the  wall.  Usually  they 
reach  it  before  they  are  18  inches  deep,  and  upon  reaching  it 
they  may  follow  it  downward.  Most  important,  once  they 
reach  the  wall  they  will  not  dtg  away  from  it  to  go  around  an 
obstruction. 

Gnawing.  Nature  seldom  has  given  an  animal  a  more 
effective  cutting  tool  than  the  rodent's  front,  or  incisor^ 
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Figure  1-3.  Concrcie  cunain  wall. 

teeth  (fig.  1-4).  Young  rats  and  mice  stan  to  gnaw  as  early 
as  the  second  week  of  life.  Throughout  their  lives  the  teeth 
keep  growing  rapidly.  In  adult  laboratory  rats,  the  average 
growth  for  upper  incisors  is  4V2  inches  a  year,  and  the  lower 
incisors  grow  5V2  inches,  llie  growth  rate  in  wild  rats 
probably  is  similar.  Tnis  fast  growth  allows  continuous 
gnawing  without  wearing  out  the  cutting  edge  of  the  teeth. 
It  may,  however,  cause  trouble.  Sometimes  rodents  are 
found  with  a  front  tooth  broken  and  the  one  in  the  opposing 
jaw  very  long.  This  seems  to  indicate  that  the  grinding 
action  of  the  opposing  teeth  helps  keep  the  teeth  short,  with 
the  hard  enamel  on  the  front  of  the  incisors  wearing  away 
the  softer  dentine  on  the  back  of  the  opposing  tooth  to  help 
keep  the  tooth  sharp.  It  is  hard  to  see  how  gnawing,  as  such, 
could  keep  the  teeth  sharp,  although  this  idea  still  persists. 
It  would  be  li?;e  a  chisel  that  grew  sharper  the  more  it  was 
used.  The  tooth-shoriening  theory  would  explain  why 
many  holes  are  gnawed  much  larger  than  necessary.  It 
might  also  explain  random  cutting  of  furniture  legs  and 
counter  posts. 

To  get  to  food,  rats  and  mice  gnaw  any  material  with  a 
gnawing  edge  softer  than  their  tooth  enamel.  This  includes 
such  things  as  wood,  paperboard,  cloth  sacks,  lead  pipes, 
cinder  block,  asbestos,  and  aluminum.  They  have  pierced 
concrete  used  for  ratproofing  before  it  had  time  to  harden 
and  have  even  gnawed  through  sun-dried  adobe  brick.  Roof 
rats  are  even  better  at  gnawing  than  are  Norway  rats. 

Feeding  habits.  The  feeding  habits  of  rats  and  mice 
differ  enough  to  require  different  controls.  All  three  species 
have  regular  eating  habits,  determined  by  differences  in  the 
species,  in  the  amount  and  kind  of  food,  and  in  the  dangers 
involved  in  securing  it.  Rats  usually  start  searching  for 
food  a  little  after  sunset  each  day;  but  mice  are  small  and 
hard  to  see  and  come  out  during  the  day  whenever  possible. 
I  They  all  treat  food  much  the  same  way,  once  they  find  it. 


Usually,  they  carry  or  drag  it  to  a  hiding  place  before  eating 
it.  uccasionally  they  eat  small  pieces  on  the  spot,  but  they 
normally  eat  in  the  open  only  if  they  are  starved,  if  no 
enemies  are  around,  or  if  the  pieces  are  too  big  to  move  to 
cover. 

Rats  are  fairly  steady  eaters,  but  since  mice  arc  nibblers. 
taking  a  bit  here  and  a  bit  there,  we  try  to  poison  mice  by 
putting  out  many  baits  quite  close  together.  r*or\vay  rats 
feeding  on  mixed  garbage  prefer  such  foods  as  meats, 
grain,  grain  products  (such  as  oaimeaO,  cooked  eggs,  and 
F>otatoes.  On  the  ether  hand,  they  show  very  little  desire  for 
such  foods  as  raw  beets,  peaches,  onions,  celery, 
cauliflower,  and  green  peppers.  There  seems  to  be  an 
aversion  to  highly  spiced  foods.  The  choice  of  food  is 
determined  largely  by  the  environment  of  the  rat  or  mouse. 
For  example,  citrus  fruits  are  not  preferred  by  rats  and 
mice,  but  in  Florida,  the  roof  rat  is  considered  a  serious  pest 
in  citrus  groves. 

Exercises  (A03); 

Mark  each  statement  true  ( T)  or  false  (F)  and  correct  any 
that  are  false. 

  1.  You  must  know  the  habits  of  rodents  to  rrol 

them  effectively. 


2.  Young  rais  and  mice  are  uained  by  their  faiher. 


Figure  1-4.  Incisor  teeth. 


3,  Rats  become  more  active  at  dawn. 


4,  Rats  and  mice  avoid  strange  food. 


5,  Rats  and  mice  can  climb  vertical  walls  of  brick 
buildings. 


6.  Rats  can  make  a  standing  high  jump  r  f  4  feet. 


7.  Rats  are  good  swimmers.  They  can  even  swim  up 
through  floor  drains. 


8.  Rats  and  mice  generally  build  their  nests  in  noisy 
places. 


9.  The  burrowing  habit  is  most  highly  developed  in 
the  Norway  rat. 


10,  The   teeth   of  rats   and   mice   keep  growing 
throughout  their  lives. 


1 1 .  Rats  usually  start  searching  for  food  ir  the  early 
morning  hours. 


12.  A  rodent's  food  choices  are  often  d  termined 
largely  by  its  environment. 


A04.  Verify  or  correct  statements  about  signs  of 
domestic  rodents. 

Survey  and  Inspection  for  I>omestic  Rodents.  Often 
you  must  inspect  an  area  to  fin  i  the  extent  of  rat  or  mouse 
infestation.  The  rodents  leave  characteristic  signs  of  their 
activities  that  can  often  tell  you  the  species  present,  the 
degree  and  location  of  the  infestation,  and  the  habits  of  the 
animals.  You  should  always  check  as  many  signs  as 
possible  before  you  make  a  decision  as  to  the  presence  and 
degree  of  any  rodent  infestation. 


Sight,  The  most  positive  proof  of  infestation  is  to  see  a 
live  rat  or  mouse,  but  since  they\e  generally  nocturnal  and 
secretive  in  their  habits,  we  seldom  see  them  alive.  As  a 
rule,  it  is  only  in  very  heavy  infestations  that  they  show 
themselves  around  humans.  They  are  esj>ecially  secretive  if 
there  is  much  human  activity  in  the  area. 

Dead  animals  may  indicate  either  a  current  or  a  past 
infestation.  If  the  carcass  is  dried  or  reduced  to  a  skeleton,  it 
may  mean  only  a  former  infestation.  If  you  find  many 
recently  dead  animals,  find  out  whether  poisons  have  been 
used  in  the  area.  If  not,  there  may  be  an  epidemic  disease, 
such  as  plague,  among  the  rodents.  For  this  reason  (and  as  a 
basic  sanitary  precaution),  you  should  never  handle  dead 
rodents  with  your  bare  hands.  If  possible,  place  them  in 
cloth  or  paper  bags  to  prevent  the  escape  of  fleas  and  other 
ectoparasites.  Hold  them  for  examination  by  specialists  to 
find  the  cause  of  death. 

Sound.  The  various  noiscs  made  by,  rats  and  mice  may 
give  clues  as  to  their  presence  and  location.  These  noises 
are  rai'ely  heard  unless  the  area  is  otherwise  quiet.  Upon 
entering  an  infested  building,  stand  still  to  allow  the  sound 
of  your  own  entry  subside  so  that  rat  and  mouse  activity  will 
resume.  You  may  hear  the  sounds  of  running,  gnawing,  and 
scratching,  especially  from  double  walls  and  floors. 
Various  squeaks  and  churring  noises  are  also  produced.  The 
squeaking  may  accompany  fighting  and  may  occur 
intermittently  for  several  minutes.  Youngsters  in  the  nest 
make  faint  squeaking  noises. 

Droppings,  Presence  of  rat  and  mouse  feces  is  one  of  the 
best  indications  of  an  infestation.  AM  three  animals 
commonly  produce  quantities  of  droppings.  These 
droppings  may  be  a  key  to  the  species  and  its  relative 
abunoance  (fig,  1-1),  It  is  important  to  be  able  to  tell  the 
age  of  rat  and  mouse  droppings  so  you  can  decide  whether 
the  area  is  currently  infested.  Fresh  droppings  are  soft 
enough  to  be  pressed  out  of  shape  and  often  have  a 
glistening,  moist  appearance.  The  color  varies  according  to 
the  kind  of  food  eaten,  but  usually  it  is  black  or  nearly 
black.  Within  a  few  days,  depending  on  climatic 
conditions,  droppings  become  dry  and  hard.  Later  the 
surface  becomes  dull,  and  with  great  age  they  assume  a 
grayish  dusty  appearance  and  may  crumble  easily  when 
pressed  v/ith  a  stick.  The  appearance  of  the  surface  alone, 
however,  may  be  misleading.  Droppings  may  be  black  and 
shiny  and  still  be  hard  and  crumbly.  Old  droppings 
dampened  by  rain  or  other  moisture  may  look  fresh,  but 
when  they're  crushed  they  don't  have  the  puttylike 
consistency  of  fresh  droppings. 

The  quantity  and  sizes  of  fresh  droppings  in  an  area  may 
give  you  an  idea  how  many  animals  there  are.  Fresh 
droppings  mean  there's  at  least  one  rat  or  mouse.  Since 
only  rarely  are  Norway  and  roof  rats  found  in  the  same  area, 
presence  of  several  sizes  of  fresh  droppings  means  there  arc 
^^veral  ages  of  rats  and  they're  probably  reproducing.  This 
often  is  the  case  in  extensive  infestations.  Droppings  are 
most  numerous  along  runways,  near  harborage,  in  secluded 
comers,  and  near  food  supplies.  In  contrast,  the  burrows, 
and  nests,  especially,  are  usually  very  clean  and  have  no 
droppings.  Rats  and  mice  have  actually  been  seen  carrying 
feces  from  nests  and  burrows. 
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The  number  ot  rodent  droppings  in  any  arc;^  depends  not 
only  on  the  amount  of  rodent  activity  but  also  on  how  often 
floors  are  swept  and  how  rapidly  stored  goods  are  moved. 
The  absence  of  droppings  doesn't  always  mean  there  aren't 
any  rodents,  for  droppings  a  e  irregular;  sometimes  they're 
abundant,  sometimes  scarce  On  the  other  hand,  the 
presence  of  old  droppings,  even  in  quantity,  does  not  mean 
that  the  area  is  currently  infested. 

Runways  and  rub  marks.  Since  rats  and  mice  generally 
occupy  only  a  limited  area,  they  may  use  the  same  pathway 
many  times.  Out  of  doors  or  on  earthen  floors  these 
runways  may  appear  as  clean-swept,  well-packed  earth 
paths  2  to  3  inches  wide.  In  dusty  areas,  they  nv.»y  consist  of 
tracks  made  in  dust  by  passing  rats  or  mice  (fig.  1-5). 
Occasionally,  you  may  even  see  the  wavy  line  of  a  dragged 
tail.  In  many  areas  rats  and  mice  leave  dark  smears  or  rub 
marks  on  large  objects  as  the  result  of  natural  oils  and  dirt 
on  their  bodies. 

Outdoors,  runways  are  easily  seen  in  dense  vegetation, 
such  a''  lawn  grass,  and  they  may  even  be  conspicuous  on 
bare  earth.  The  location  of  runways  usually  reflects  the 
rodent's  generally  secretive  habits.  Most  often,  they  are 
found  along  walls,  under  boards,  behind  stored  objects  and 
accumulated  litter,  and  in  similar  places.  It  is  important  to 
search  such  places  carefully. 

Rat  and  mouse  runs  in  or  on  buildings  are  often  marked 
by  more  or  less  extensive  rub  marks.  You  can  find  these 
marks  around  gnawed  holes,  along  pipes  and  beams,  on  the 
edges  of  stairs,  along  walls,  or  anywhere  else  that  the 
rodent  is  likely  to  travel.  Swing  marks  made  by  rats  passing 
under  floor  joists  along  a  beam  generally  indicate  the 
presence  of  roof  rats.  Norway  rat  runs  are  more  often  near 
the  floor.  House  mouse  runs,  on  the  other  hand,  may  be 
anywhere.  They  are  the  most  difficult  to  locate  because 
they  are  small  and  often  very  faint.  It  is  especially 
important  to  search  behind  vertical  pipes  and  columns, 
which  are  favorite  means  by  which  rats  and  mice  change 
floors.  You  can  often  tell  how  old  a  rat  or  mouse  run  is.  A 
fresh  run  over  earth  will  generally  be  hard  packed  and  free 
of  dirt  and  litter.  Heavy  use  may  even  make  it  lock  shiny. 
Dusty  cobwebs  across  a  run,  of  course,  mean  that  it  is  no 
longer  used.  Fresh  rub  marks  and  smears  are  soft  when  you 
scratch  them;  old  ones  are  brittle  and  may  flake  off.  By 
tracing  rat  and  mouse  runs,  you  can  find  the  harborage,  the 
food  and  water  supply,  and  the  means  of  entry  into 
buildings.  This  information  will  help  you  take  the  right 
control  measures. 

Tracks,  You  may  find  tracks  anywhere  along  rat  and 
mouse  runs,  both  outdoors  and  inside.  You  can  see  tracks 
clearer  with  side  illumination  from  a  fiashiight  than  with 
direct  light  from  above  (fig.  1-5).  Especially  good  places  to 
find  tracks  are  in  dust  in  little-used  rooms  and  in  mud 
around  outdoor  puddles.  Rat  tracks  are  fairly  large.  A  hind 
foot  of  a  walking  Norway  rat  may  leave  a  print  1  Vi  inches 
long.  Roof  rat  prints  are  about  the  same  size.  Mouse 
footprints  are  rarely  even  half  and  'nch  long,  and  they're 
much  closer  together,  even  in  comparison  to  young  rat 
tracks. 

Tracks  found  outdoors  generally  are  fresh  because  wind 
and  rain  would  quickly  erase  them.  The  age  of  tracks 
indoors  is  more  difficult  to  estimate;  they  may  look  fresh 
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Figure  1-5.  Tracking  domestic  rodents. 


long  after  they  were  made.  If  the  dust  is  thin  enough,  you 
can  determine  their  age  by  pressing  a  finger  lightly  into  the 
dust  near  the  track  and  observing  the  color.  Fresh  tracks 
should  show  about  the  same  color  as  the  finger  mark,  while 
old  tracks  will  be  different  in  color  and  have  less  sharply 
defined  edges.  Knowing  the  speed  with  which  dust  falls 
may  be  helpful.  In  a  dusty  flour  mill  where  there  is  a  heavy 
deposit  every  day,  visible  tracks  arc  probably  quite  fresh. 
In  the  still  air  in  the  unexcavated  area  beneath  a  building, 
tracks  last  a  long  time. 

It's  helpful  to  use  a  fine  dust  for  tracking.  You  can  dust 
any  fine  powder,  such  as  pyrophyllite  or  flour,  on  a 
suspected  runway  and  inspect  it  later  for  footprints.  Spread 
the  powder  smoothly  to  a  depth  of  no  more  than  1/8  inch. 
Then  when  you  inspect,  look  for  prints  of  the  5-toed  hind 
feet  and  the  4-toed  front  feet. 

Gnawing.  Recent  gnawings  through  wood  can  be 
distinguished  by  the  fresh,  light-colored  appearance  of  the 
gnawed  surface  and  the  presence  of  small,  chewed  pieces  or 
cuttings  in  the  vicinity.  The  edges  of  the  gnawed  area 
darken  in  a  few  days,  and  small  cuttings  are  soon  scattered 
or  swept  away.  Another  way  to  determine  the  age  of 
gnawed  openings  is  to  notice  the  sharpness  of  the  bitten 
edges.  A  freshly  gnawed  oi>ening  has  sharp  edges  that 
scratch  the  animals  as  they  pass  through.  They  will  stop  and 
nibble  at  the  offending  edge  so  that  as  the  openings  become 
older,  they  acquire  well-rounded  edges.  Evidence  of  recent 
gnawing  is  one  of  the  most  reliable  signs  for  detennining 
the  presence  of  rats  and  mice. 

llie  extent  of  damage  to  materials  may  be  an  indication 
of  the  degree  of  infestation.  You  must  be  careful  to 
determine  whether  the  gnawing  was  done  by  one  or  more 
sDecies.  A  mixed  infestation  of  rats  and  mice  may  be 
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present,  and  damage  done  by  mice  may  be  attributed  to  the 
rais.  When  recently  delivered  mateiials  are  damaged,  you 
can  assume  that  the  infestation  is  a  current  one.  In  this  case, 
the  extent  of  damage  may  be  a  very  reliable  index  to  the 
number  of  animals  present. 

Exercises  (A04): 

Mark  each  statement  tnic  (T)  or  false  (F)  and  correct  the 
false  ones. 

  1 .  The  most  positive  proof  of  infestation  is  to  see  a 

live  rat  or  mouse. 


2.  If  many  recently  dead  animals  are  found,  you 
should  ask  about  the  use  of  poisons  in  the  area. 


3.  The  various  noises  made  by  rats  and  mice  may  give 
clues  as  to  their  presence  and  locations. 


4,  The  droppings  are  not  usually  a  key  to  the  species 
present  and  its  relative  abundance. 


5,  The  quantity  and  size  of  fresh  droppings  found  in 
an  area  may  indicate  the  number  of  animals 
present. 


6.  Out  of  doors  or  on  earthen  floors,  runways  may 
appear  as  clean-swept,  well-packed  earth  paths  two 
to  threv^  inches  wide. 


7,  The  hind  feet  of  a  walking  Norway  rat  may  leave  a 
print  1 V2  inches  long. 


8,  A  way  to  determine  the  age  of  gnawed  openings  is 
to  check  the  sharpness  of  the  bitten  edges. 


AOS.  State  how  to  control  domestic  rodents  with  cultural 
and  mechanical  or  physical  technique. 

Sanitation    for    Controlling    Domestic  Rodents. 

Sanitation  is  the  backbone  of  a  successful  rat  control 
program,  the  elimination  of  rodent  shelter,  food,  and  water 
can  mean  the  difference  between  success  or  failure  in 
controlling  them,  and  it  helps  prevent  successful 
reinfestations.  The  presence  of  rats  generally  indicates  an 


inadequate  sanitation  program  or  lack  of  effective 
ratproofing. 

Good  housekeeping  p'-actices  are  an  absolute  must.  This 
is  true  whether  the  structure  is  a  residence,  office  building, 
or  food-handling  facility.  In  all  facilities,  a  well-organized 
and  supervised  program  of  routine  cleaning  must  be  set  up 
and  followed  rigidly.  Such  areas  as  obscure  comers, 
shelves,  under  and  in  cabinets,  worktables,  lockers,  and 
equipment  must  not  be  overlooked  or  neglected. 

In  all  areas,  rubbish  piles  must  be  eliminated.  Where 
refuse  must  accumulate,  keep  it  in  rodentproof  containers 
until  it  is  removed  from  the  premises.  Careless  handling  of 
garbage  and  refuse  is  a  prime  source  of  food  and  shelter  for 
rats,  and  it  will  attract  them  to  any  building.  Improper 
garbage  disposal  will  not  only  nullify  control  measures  but 
will  bring  an  increasing  rat  population. 

Once  rats  have  gained  entry  into  any  building,  the  first 
thing  they  must  do  is  find  a  safe  place  to  hide.  Only  by  a 
thorough  inspection  of  a  building  will  you  uncover  potential 
harborages.  These  must  be  eliminated  by  building 
occupants  or  by  other  civil  engineer  (CE)  sections, 
depending  on  the  severity  of  the  problem,  Rodentproofing 
may  be  necessary  within  the  building  in  such  places  as 
under  stairways,  cabinets,  lockers,  machinery,  double 
walls,  false  ceilings  and  floors,  hollow  tile  partitions,  and 
boxed  in  pipes  and  conduits.  These  areas  serve  not  only  as 
shelter  but  as  nesting  and  breeding  sites. 

Proper  storage  practices  within  any  building  are  an 
absolute  must  in  effective  rodent  control.  Improper  storage 
will  result  in  the  creation  of  ideal  and  inaccessible 
harborages,  preventing  thorough  inspection  and  proper 
baiting  or  trapping.  Rat  damage  to  stored  materials  can 
easily  be  reduced  to  a  minimum  when  good  storage 
practices  are  followed.  In  storage  areas,  products  should  be 
on  pallets  12  to  18  inches  off  the  floor,  18  inches  from 
adjacent  walls,  not  stacked  more  than  6  feet  wide,  and 
separated  by  an  aisle  at  least  12  inches  wide.  These 
practices  reduce  harborage  areas,  permit  inspection  and 
cleaning  and  allow  you  to  apply  appropriate  control 
measures. 

Outside  harborages  areas  should  also  be  given  attention. 
Grass,  weeds,  and  other  vegetation  near  buildings  should  be 
kept  closely  cut.  Lumber,  roclc  piles,  rubbish,  old 
equipment,  construction  materials,  etc,  must  be  eliminated. 
Items  must  be  kept  12  inches  away  from  walls  or  fences. 
Spaces  under  loading  docks,  outside  storage  buildings  or 
sheds,  etc,  must  be  blocked  off  sc  rats  cannot  gain  entry. 
Also,  old  rat  burrows  and  holes  should  be  filled  in  with 
earth. 

Mechanical  and  Physical  Controls,  In  many  buildings 
rat  control  is  impossible  because  the  construction  of  the 
building  permits  rats  to  get  in  faster  than  they  can  be  killed. 
In  such  cases,  you  may  have  to  accept  a  lesser  degree  of 
control  than  is  normally  desirable,  or  to  have  other  shops 
ratproof  the  structure  to  allow  adequate  control, 
Ratproofing  isn't  always  possible,  but  you  should  see  that 
enough  ratproofing  is  done  for  your  trapping  and  baiting 
programs  to  have  a  chance  to  succeed. 

Rodentproofing.  Sheet  metal  of  26  gage  or  heavier,  1/4- 
incli  mesh  hardware  cloth ,  and  cement  are  suitable 
materials  for  use  in  rodentproofing.  Openings  more  than  1/4 
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inch  wide  in  the  interior  of  building  should  be  closed  (fig. 
1-6),  Other  openings,  such  as  cracks  iiround  doorways, 
gratings,  and  windows  less  than  4  feet  above  the  ground — 
through  which  rats  may  enter  directly  or  by  enlarging  the 
opening — should  be  covered  with  hardware  cloth  or  other 
suitable  material.  Openings  around  boxed-in  piping  and 
wire  conduits  should  be  closed  (fig.  1-7).  Conduits  for 
wiring  should  be  closed  and  limited,  if  possible,  to  sizes 
that  will  prevent  passage  of  rats  and  mice.  Fire  stops  in 
double  walls  and  floors  of  wood  construction  should 
exclude  potential  rat  runways  along  beams.  Spaces  between 
walls  should  be  blocked  (fig,  1-8)  Doors  should  be  self- 
closing  and  should  fit  tightly.  Wood  sills  and  doors  at 
ground  level  may  be  sheathed  in  sheet  metal  to  prevent 
gnawing. 

When  holes  must  be  patched,  keep  in  mind  that  rats  will 
chew  out  a  green  concrete  ''plug"  4  or  more  hours  after  the 
hole  is  filled  unless  the  hole  has  been  tightly  jammed  with 
wire  mesh  and  then  cement  placed  in  and  over  the  wire  ball, 
this  system  allows  the  rat  15  minutes  or  less  to  tear  out  the 


Advise  masonry  personnel  to  start  with  No.  3  coarse  steel 
wool  and  make  a  '^bair*  out  of  the  steel  wool.  Fill  the  ball 
with  a  quick-setting  cement  mixed  with  water,  not  too  thin. 
Stuff  this  ball  tightly  into  the  rat  hole,  leaving  no  holes  for 
even  a  mouse  to  dig  out.  finally,  fill  the  hole  with  a  thinner 
consistency  of  quick-setting  cement  to  finish  off  the 
surface. 

Trapping.  Many  types  of  traps  are  used  to  control 
rodents.  Included  are  common  wooden-base  snap  traps, 
steel  traps,  wire  live  traps,  and  multiple-catch  box  traps.  In 
certain  situations,  particularly  where  there  is  danger  of 
contaminating  food  products  or  of  harming  pets  or  children, 
it  may  be  necessary  to  trap  for  rats.  The  trap  most 
commonly  employed  in  rat  control  is  the  wood-base  snap 
trap.  You  can  use  it  with  bait,  or  expand  the  trigger  device 
and  use  it  without  bait  (fig,  1-9).  Steel  traps  used  to  catch 
small  fur-bearing  animals  are  less  suitable  for  use  in 
trapping  rats.  Such  traps  usually  catch  the  rat  by  snapping 
shut  on  one  leg,  and  the  rat  will  often  chew  the  leg  off  and 
escape. 

Tie  a  suitable  bait  not  larger  than  the  end  of  your  index 
finger  to  the  trigger  of  the  wood-base  trap,  and  set  it  in  a 
runway.  Select  the  right-sized  trap  for  the  pest  species 
involved  and  place  it  in  the  normal  travel  routes.  Place  snap 
traps  so  the  long  axis  is  perpendicular  to  the  travel  route 
with  the  baited  pan  directly  across  the  path  (fig,  1-10), 
Multi-catch  traps  (fig,  1-1 1)  should  be  placed  against  walls 
or  other  objects  so  that  entrance  ways  face  the  routes  used 
by  mice, 

A  number  of  traps  should  be  used  and  should  be  spaced 
appropriately  for  the  rodent  involved.  Traps  should  be 
placed  within  20  feet  of  each  other  for  controlling  rats  and 
within  10  feet  of  each  other  for  mice.  Check  traps 
frequently,  and  remove  trapped  rodents.  You  may  want  to 
use  multi-catch  mouse  traps  inside  and  outside  every 
entrance  leading  into  the  building.  They  catch  mice  and 
very  small  rats  outside  easier  than  inside, 

Ir  is  usually  recommended  that  a  variety  of  baits  be  used 
in  successive  traps.  Meat  in  one  trap,  vegetable  in  another, 
and  cereal  in  another  gives  the  rat  a  choice. 


plug. 
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IF  NECESSARY  POINT  UP 
MORTAR  JOINT  FLUSH  WITH  ' 
BRICK  FOR  OISTANCE  OF  1? 
ON  EACH  SlOE  OF  8ARR:l 


CLOSE  TOP  ONLY 
FASTEN  WITH  SHEET 
METAL  SCREWS 


24-GA  GALV  SHEET 

STEEL  CURVEO  TO  OIAMETER  OF 

AT  LEAST  12" 


(BARREL  GUARD) 


ANCHOR  BOLTS  OR  GALV  CONCRETE 
NAILS  DRIVEN  INTO  MORTAR  JOINTS 
OR  SIDING  SET  HAILS  FAR  ENOUGH 
APART  SO  THAT  TKEY  00  NOT  ACT 
AS  LADDER  FOR  RATS 


24-GA  GALV  SHEET  CURVED  TO 
OIAMETER  OF  AT  LEAST  12" 


(CONE  GAURO) 


Figure  1-7.  types  of  metal  guards. 


Traps  are  most  effective  set  next  to  a  wall  beneath  a 
runway  made  by  leaning  a  board  against  the  wall.  Do  not 
set  the  trap  directly  in  front  of  the  hole  where  the  rat  gains 
entrance  to  the  room,  since  it  is  likely  to  become 
suspicious.  If  the  rat  becomes  **wise/'  it  may  be  necessar>' 
to  bury  the  trap  in  a  shallow  pan  of  meal,  sawdust  or  grain, 
with  the  trigger  protruding.  Make  sure  the  action  of  the 
trigger  will  not  be  clogged  by  the  material  beneath  it.  The 
baits  should  be  tied  to  the  treadle  with  a  thread  or  rubber 
band,  thus  making  sure  of  pressure  on  the  treadle.  Old  traps 
should  be  boiled,  scraped,  and  kept  clean.  Dipping  traps  in 
melted  paraffin  lengthens  wear,  deodorizes  them,  and  may 
make  them  spring  more  readily.  Since  rats  are  often 
attracted  to  traps  with  the  odor  of  other  rats  on  them,  don't 
clean  them  too  much.  Too,  an  old  trap — particularly  a 
multi-catch  trap — often  works  better  than  one  that  has  never 
caught  anything. 

More  rats  are  trapped  on  the  fk.-st  night  than  on  any  other 
night.  After  3  to  4  nights  of  trapping,  the  catch  may  drop  to 
zero.  For  this  reason,  it  is  essential  to  distribute  a  large 
number  of  traps  on  the  first  night  of  trapping.  In  various 
buildings,  the  number  of  traps  may  vary  from  20  to  100 
traps,  depending  upon  the  degree  of  infestation  and  the 
facilities  for  locating  the  traps. 

Do  not  use  petroleum  oils  to  prevent  rusting  of  traps  since 
rats  do  not  like  such  oils.  Instead,  use  lard  or  some  other 
animal  fat,  A  trap  with  metal  parts  should  be  wiped  with 
bacon  rind  to  protect  from  rust  and  to  make  it  more 
attractive  to  rats. 

Trapping  mice.  Snap  traps  are  great  for  residential 
mouse  control,  but  you  may  get  gripes  from  occupants:  **1 
could  have  done  that.  I  thought  you  were  going  to  do 
something  more  professional."  Inform  the  customer  on  the 
first  call  that  several  methods  of  control  will  be  used,  one  of 
which  is  snap  traps.  Some  pest  managers  aren't  successful 
with  snap  traps  because  they  don't  put  out  enough  of  them. 
Even  if  you  have  three  to  eight  mice,  place  at  least  15  or  20 
traps.  You  even  can  leave  some  traps  for  your  customer. 
One  benefit  of  snaps  traps  is  that  they  hold  the  carcass  so 
you  don't  have  to  go  on  a  dead  mouse  hunt. 


Proper  placement  of  snap  traps  is  very  important.  Place 
traps  in  areas  where  the  mice  are  feeding.  Don't  be  afraid  to 
build  a  funnel  system  to  make  the  mouse  go  through  a 
narrow  passageway  into  the  trap.  If  traps  are  placed 
correctly,  there  is  seldom  need  to  bait  them.  If  the  trap  is 
unbaited,  the  mouse  will  think  it  is  just  one  more  thing  to 
crawl  over  and  won't  be  so  suspicious. 

U'^ing  glueboards,  Glucboards  are  effective  to  catch 
mice.  They  also  are  safe,  nonpoisonous,  easy  to  hide,  and 
will  hold  rodents  for  hours.  The  problem  with  glueboards  is 
that  customers  tend  to  dispose  of  them  after  only  one  catch. 
Also*  the  fact  that  the  rodent  does  not  die  quickly  is 
sometimes  objectionable  to  others,  and  it's  no  fun  for  you 
either.  Rats  with  one  leg  caught  may  chew  off  the  leg  to  free 
themselves. You  must  tack  glueboards  to  the  fioor  to  keep 
rats  from  dragging  them  about.  Since  a  very  tacky  glue  is 
involved,  they  can  be  very  messy  to  handle,  install,  and 
service.  Hov/ever,  where  baits  and  traps  cannot  be  used 
because  children,  pets,  or  food,  glueboards  may  be 
useful. 

One  way  to  avoid  these  disadvantages  is  to  place  the 
glueboards  in  bait  stations  or  out-of-sight  locations. 
Sometimes,  an  attractant  such  as  candy  or  peanut  butter  in 
the  middle  of  the  glueboard  gets  the  job  done  faster.  Here 
are  some  other  tips  to  enhance  the  efficiency  of  glue: 

a.  Make  hollow  tubes  out  of  cardboard  by  bending  the 
glue  board  into  a  cylinder  and  taping.  These  can  then  be 
taped  to  pipes  hanging  near  ceilings,  on  narrow  ledges,  and 
other  areas  where  rodents  are  running. 

b.  When  you  use  a  glueboard  for  rats,  secure  the  board  to 
the  ground  or  fioor  covering.  Otherwise,  the  rodent  may 
drag  the  board  away  and  die  in  the  wall  of  a  structure. 

c.  Use  glueboards  in  protected,  nondusty  or  nonwet 
areas.  Otherwise,  put  them  in  bait  stations  to  protect  them. 
The  bait  station/glueboard  method  does  repel  rodents  to 
some  degree  but  it  cuts  contamination  of  the  glue  by  dust. 
Exercises  (AOS): 

i .  Why  is  sanitation  such  a  vital  part  of  a  rodent  control 
program? 
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Methods  of  excluding  rats  from  double  walls:  A 
cormwn  type  of  building  construction  (a)  with  open 
space  between  floor  joists,  giving  rats  free  access 
to  double  walls;  wooden  2-by-4  stops  (b)  are  some- 
times employed,  but  as  thebC  have  an  important 
function  in  fire  control,  noncombustible  jnaterial 
should  be  used  (wood  is  permissible,  however,  in 
upper  floors);  in  old  buildings  galvanized  sheet 
metal  (c)  may  be  cut  to  fit  and  nailed  into  place 
between  studs,  joists,  floor,  and  sill;  in  buildings 
under  construction  noncombustible  stops  of  cement  and 
cinders  (d)  or  broken  bricks  (e)  are  inadvisable, 
but  preferable  a  good  grade  of  rich  cement  ( ')  is 
recojTiDended, 


Figure  1-8.  Methods  of  excluding  rats  from  double  walls. 


(Above)  A  large  snap  trap  set  for  use  with  bait,  (belo»f} 
The  same  trap  fitted  with  a  swuare  of  cardboard  or  metal 
as  shown  here  can  be  used  In  rat  runways  without  using 
bait. 


Figure  1-9.  Two  tyf>es  of  rat  traps. 


DlagraMMtlc  sketches  of  proper  trap  placement.  Note 
that  the  traps  have  been  set  in  runways  with  the  triggers 
next  to  the  wall.    On  the  left  a  box  has  been  positioned 
so  that  rats  or  mice  will  be  forced  to  pass  ever  the 
triggers. 


Figure  1-10.  Placing  snap  traps. 


Figure  1-1 1.  Repeating  mouse  traps. 
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2.  Who  is  responsible  for  taking  cultural  control 
measures  to  eliminate  potential  harborages  for 
rodents? 

3.  List  3  conditions  you  should  ensure  in  surveying 
outside  harborage  areas  around  buildings. 


4,  In    situations    where    complete    ratproofing  isn't 
possible,  what  action  should  you  take? 


5,  What  mechanical  and  p'aysical  controls  are  suitable  for 
these  areas? 

a.  Openings  in  building  interiors. 


b.  Low  openings  near  windows  ana  doors. 


c.  Wiring  conduits. 


d.  Wood  sills  and  doors  at  ground  level. 


6.  Under  what  conditions  are  rodent  trapping  programs 
particularly  advisable? 

7.  How  far  apart  should  traps  be  placed  when  you're 
controlling  rats?  Mice? 

8.  Why  should  you  not  clean  traps  any  more  than 
necessary? 

9.  What  advantage  may  an  unbaited  mouse  trap  have 
over  a  baited  one? 


10,  What  advantages  and  disadvantages  do  glueboards 
have  in  a  rodent  control  program? 


H.  If  you  must  use  glueboards  in  dusty  or  wet  areas,  how 
should  they  be  placed? 

A06.  Cite  chemical  controls  for  domestic  rodents. 

Chemical  Control  Measures.  After  we  use  sanitation 
and  mechanical  and  physical  controls  to  the  fullest  practical 
extent,  the  rest  of  the  control  must  be  done  with  poison 
baits.  To  use  these  measures  for  maximum  results,  you'll 
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need  a  thorough  knowledge  of  rodent  behavior,  because  the 
complex  balance  of  opposing  rodent  reactions,  sucli  as 
approach  and  avoidance,  food  consumption  and  rejection, 
and  aggregation  and  aggression  can  help  you  get  maximum 
control. 

Since  rats  are  creatures  of  habit  and  tend  to  feed  on 
familiar  things,  results  are  often  good  when  we  bait  with 
foods  they're  eating.  The  right  bait  will  often  have  more 
bearing  on  results  than  will  the  choice  of  rodenticide  or  bait 
placement.  As  a  general  rule,  Norway  rats  prefer  meat  and 
fish,  while  roof  rats  prefer  fruits  and  vegetables.  Mice  seem 
to  prefer  bacon,  sweets,  grains  or  seeds,  and  peanut  butter, 
Prebaiting  for  several  nights  before  you  use  poisoned  bait 
may  help  get  them  to  accept  whatever  baits  you  use.  The 
bait  materials  must  be  the  same  during  both  periods, 
Prebaiting  helps  to  overcome  the  rat's  natural  avoidance  of 
new  foods  and  often  overcomes  bait  shyness  in  rats 
previously  poisoned.  It  is  useful  for  controlling  ''difficult'' 
rats  with  quick-acting  rodenticides,  but  it  is  too  costly  for 
routine  or  large-scale  use  and  it's  uimecessary  with 
anticoagulants.  Test  baiting  is  also  a  way  to  learn  which 
baits  rats  prefer,  how  many  baits  you  need,  and  where  to 
place  them. 

Most  poisons  must  either  be  mixed  in  a  water  solution  or 
added  as  solids  to  bait  materials  that  attract  the  rodents.  All 
bait  materials  should  be  fresh  and  must  not  taste  or  smell  of 
other  chemicals.  Anticoagulant  poisons  are  commonly 
mixed  with  cereal  baits  such  as  com  meal,  rolled  oats,  or 
cracked  com  together  with  com  oil,  peanut  oil,  sugar, 
molasses,  or  similar  substances  which  may  add  to  its 
attractiveness.  Mix  baits  thoroughly  to  distribute  the 
toxicant  evenly.  Meat,  fish,  cereals,  fruits,  vegetables, 
nuts,  and  many  other  baits  are  also  used.  Baits  may  be 
ground,  sliced  or  cut  into  cubes,  but  crumb-sized  or  sloppy 
paste  baits  will  reduce  the  chances  of  rodents'  carrying  baits 
to  other  areas.  Make  all  recognizable  foods  unrecognizable. 

If  you  mix  your  own  baits,  follow  the  directions  on  the 
registered  label.  Don't  use  more  than  the  recommended 
amount  of  any  poison  because  this  will  increase  the  danger 
of  the  bait  to  people  and  animals,  and  if  may  decrease 
acceptability  of  the  bait  to  rodents.  Too  low  a  concentration 
will  lead  to  incomplete  control. 

Try  to  always  place  baits,  whether  liquids  or  solids,  in 
rodent  mnways.  Solid  baits  should  be  placed  in  small  cups 
or  dishes  so  they  can  be  easily  picked  up  when  they  are  no 
longer  needed.  Place  all  baits  close  to  walls  and  near 
doorways  wherever  possible  and  do  not  put  out  more  baits 
than  the  rats  are  likely  to  consume;  it's  a  hazard  to  pets  and 
children,  and  it  wastes  materials.  Baits  must  be  placed  so 
they  are  not  readily  accessible  to  children  and  other 
animals.  You'll  need  bait  boxes  in  some  areas  for  this 
reason.  Since  rats  often  feed  in  one  place,  a  small  number 
of  bait  stations  will  be  sufficient.  When  it's  practical,  bait 
in  the  late  aftemoon  so  that  the  baits  will  be  fresh  at  dusk 
when  rodents  generally  become  active.  The  amount  of  bait 
needed  depends  upon  the  number  of  rats  present  and  the 
toxicant  being  used.  Use  enough  bait  to  feed  all  the  rats 
present.  You  can  usually  tell  how  much  to  use  after  one 
night  of  prebaiting. 

Basically,  we  use  three  types  of  containers  for  dry,  wet, 
or  liquid  baits  (fig.  1-12).  They  have  no  top,  offer  little  or 
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no  protection  to  the  bait,  and  don't  keep  pets  or  children 
from  the  bait.  Covered  bait  stations  (fig.  1-13)  confine  the 
bait,  protect  it  from  the  elements,  and  avoid  environmental 

k  contamination,  but  they  don't  protect  pets  or  children. 

W  Safety  bait  stations  will  protect  the  bait  and  keep  pets  and 
humans  from  ready  access.  Such  containers  can  be  secured 
to  discourage  tampering. 


TRAY  FOR  TWO 
BAIT  FORMS 


UNTIPPABLE  BAIT  TRAY 



It  is  of  utmost  importance  that  yoii  know  about  the 
rodenticides  you're  using  and  adhere  strictly  to  label 
directions  in  using  them.  Safety  is  the  first  consideration. 
Some  rodenticides  can  be  fatal  if  ingested  by  humans  or 
other  nontarget  animals.  Under  no  circumstances  should 
highly  toxic  materials  be  used  by  other  than  competent, 
certified  specialists. 

Although  anticoagulants  are  considered  relatively  safe, 
they  must  still  be  used  in  a  way  that  protects  people  and 
nontarget  animals.  Follow  manufacturers  recommendations 
and  label  directions  for  mixing  and  safe  handling.  Use  only 
the  concentrations  recommended  on  registered  labels  for 
maximum  effectiveness  and  to  prevent  increasing  the 
hazard  or  reducing  acceptance  by  rodents.  Then  place  the 
baits  in  a  safe  manner  to  preclude  contamination  to  food. 
Exposure  within  a  building  should  be  at  floor  level.  Open 
bait  trays  can  be  used  indoors  only  if  placed  in  areas  not 
readily  accessible  to  the  public,  children,  or  nontarget 
animals. 

There  are  several  kinds  of  rodeniicides  available, 
commonly  grouped  as  anticoagulants  and  single-dose,  or 
quick-acting,  rodenticides.  Some  of  the  anticoagulants  are 
available  to  the  general  public  as  ready-to-use  baits,  but 
most  are  available  only  to  specialists.  They  come  as 
ready-made  baits,  concentrates  to  be  mixed  with  baits  or 
water,  weatherproof  pellets,  paraffm  blocks  or  cakes,  and 
tracking  powders.  Whether  you'll  use  them  inside  or 
outside,  check  the  moisture  conditions  and  use  the  right 
form,  A  loose-grain  bait  would  not  be  appropriate  for  a 
sewer,  nor  would  a  paraffin  block  be  in  a  hot  boiler  room. 

The  anticoagulant  rodeniicides  we  discussed  in  Volume  3 
disrupt  the  normal  blood-clotting  mechanisms,  causing  rats 
to  die  of  internal  hemorrnaging.  Most  are  slow  acting  and 
take  several  days  of  continuous  feeding  before  a  rat  dies,  A 
single  dose  is  seldom  lethal  except  with  some  of  the  newer 
single-dose  anticoagulants.  Depending  on  the  product  you 
use,  keep  enough  baits  for  10-15  days.  Reasonable  control 


Figure  1-12,  Rodent  bait  trays. 
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of  a  rat  population  may  not  come  for  2  weeks. 
Anticoagulant  baitt;  do  not  cause  rats  to  go  outside  before 
dying.  Therefore,  odor  problems  will  develop  if  rats  die 
indoors. 

Resistance  of  Norway  rats  to  ihe  anticoagulant. 
Warfarin,  has  been  documented  in  several  areas  of  the 
United  States,  To  control  such  rat  populations,  youMl  have 
to  use  other  tools  such  as  single-dose  rodcnticides 
(including  the  newer  anticoagulants)  and  traps.  Otherwise, 
neither  switching  anticoagulants  nor  increasing  their 
concentrations  in  baits  has  proved  effective  on  resistant 
rats. 

The  single-dose,  or  acute,  rodenticide  group  includes  the 
more  toxic  baits  such  as  zinc  phosphide,  strychnine,  and 
others.  Each  poison  has  its  special  characteristics,  uses,  and 
hazards,  and  these  should  be  well  understood.  Not  only  can 
these  poisions  kill  rodents,  but  they  are  dangerous  to  people 
and  nontarget  animals. 

Zinc  phosphide  is  a  toxic  and  effective  rat  and  mouse 
poison  which  has  been  used  successfully  for  many  years.  It 
is  a  black  powder  with  a  distinctive  odor  that  makes  it 
unattractive  to  people  and  pets.  Its  safety  record  is  very 
good,  but  it  still  requires  special  handling  in  a  well- 
ventilated  area  when  mixing.  Contrary  to  long-standing 
belief,  zinc  phosphide  baits  stay  toxic  for  a  long  time.  Its 
quick  action,  effectiveness,  and  low  hazard  make  it  one  of 
the  most  useful  rodenticides. 

Strychnine  sulfate  and  strychnine  aljcaloid  are  sometimes 
used  as  rodenticides,  particularly  on  poisoned  seeds  for 
mouse  control.  They  do  not  normally  give  good  results  in 
rat  control  because  of  their  extremely  bitter  taste  and  fast 
action.  The  sulfate  is  better  fo  treating  grains,  as  it  will 
soak  into  the  kernels,  while  the  alkaloid  must  be  coated  on 
the  outside  with  starch  and  other  adhesives.  Strychnine  is 
extremely  fast  acting  (death  can  occur  as  soon  as  1 2  minutes 
after  eating)  and  is  toxic  to  all  forms  of  life.  Since  it  acts  so 
quickly,  strychnine  doesn't  usually  have  time  to  metabolize 
within  the  animal's  body.  There  is  a  danger  of  secondary 
pjisoning  if  another  animal  eats  the  dead  rodent.  These 
factors  make  strychnine  a  very  hazardous  material,  which 
you  should  use  only  in  special  situations  and  with  great 
care, 

CAUTION:  Be  sure  to  mix  baits  as  directed.  Too  much 
poison  may  give  bait  a  strong  taste  or  odor.  Too  little  will 
not  kill  and  may  result  in  "bait  shyness,''  Excessive 
amounts  of  poison  increase  the  danger  to  people  and 
domestic  animals.  Poor  mixing  results  in  nonuniform  baits, 
poor  kills,  and  a  speedier  development  of  bait  shyness. 
Mechanical  bait  mixing  equipment  is  necessary  where  large 
quantities  of  bait  are  mixed  on  a  routine  basis.  You  must 
clearly  label  poisons  and  mixing  equipment.  Do  not  use 
mixing  equipment  for  other  purposes.  Lock  up  poisons  and 
mixing  equipment  when  they're  not  in  uss.  Treat  all  poisons 
with  respect.  Avoid  inhaling  powders  or  getting  poisons  on 
hands,  clothes,  or  utensils  from  which  they  may  reach  the 
mouth.  Always  mix  poisons  in  a  well-ventilated  place, 
particularly  when  you  are  mixing  dry  ingredients. 

Baits  may  be  used  in  solid  form,  as  cubes  or  slices  coated 
with  the  more  toxic  poisons  like  zinc  phosphide,  or  ground 
and  thoroughly  mixed  with  the  poison.  Ground  baits  may  be 


distributed  in  about  1/2-inch  balls,  loose,  or  wrapped  in  4- 
inch  squares  of  waxed  paper  (''torpedoes''). 

Use  baits  liberally  where  you  find  many  recently  left 
signs  of  rats,  A  major  fault  in  unsuccessful  poisoning 
programs  is  the  use  of  too  few  baits.  Good  places  to  set  baits 
are  in  or  near  rodent  burrows,  runs,  and  harborage.  Collect 
single-dose  poison  baits  that  are  uneaten  after  2  days.  Burn 
or  bury  rodent  carcasses. 

Water  requirements  of  rats  and  mice  can  be  the  basis  for 
successful  poisoning  of  these  animals,  Poisoned-watcr  bait 
consists  of  water  and  a  rodenticide  designed  to  be  disolved 
in  water.  If  normal  sources  of  drinking  water  can  be 
eliminated  or  reduced,  chances  for  success  with  this  method 
are  enhanced.  Even  though  mice  may  depend  on  ilie  water 
they  get  from  food  as  their  major  source,  they  will  usually 
drink  water.  If  their  normal  supply  of  food  has  a  low 
moisture  content,  their  need  for  drinking  water  will  be 
greater. 

Multiple-dose  anticoagulants  arc  used  differently  from 
other  rodenticides.  Bait  mixtures  are  frequently  placed  in 
paper  pie  plates  or  permanent  bait  stations.  TLe  number  of 
pie  plates  or  bait  stations  varies  with  the  degree  of 
infestation.  Small  pie  plates  hold  1/4  to  1/2  pound,  but 
permanent  bait  stations  often  hold  over  a  pound  of  bait 
mixture.  Anticoagulant  bait  mixtures  are  usually  exposed 
for  a  minimum  of  2  weeks.  Repeated  doses  must  be 
consumed  by  the  rodent  for  5  or  more  consecutive  days  in 
order  to  kill.  Therefore,  you  must  protect  other  animals  and 
shield  baits  from  the  weather  with  bait  boxes,  boards, 
pipes,  or  cans.  Note  locations  of  all  bait  containers  so  you 
can  make  inspections  rapidly  and  replace  consumed  bait.  At 
each  inspection,  smooth  the  bait  so  that  you  can  see  any 
new  signs  of  feeding.  Replace  moldy,  wet,  caked,  or 
insect-infested  baits  with  fresh  ones.  If  successive 
inspections  show  that  bait  is  undisturbed,  move  it  to  an  area 
showing  fresh  rodent  signs. 

For  single-dose  anticoagulants,  maintain  an 
uninterrupted  supply  of  fresh  bait  for  10  days  (15  for  mice) 
or  until  signs  of  rat  activity  cease. 

Perimeter  control  is  very  important  in  intercepting  rats 
before  they  invade  a  building.  Place  weatherproof, 
permanent  bait  stations  and  weatherproof  poison  baits 
strategically  '  g  likely  invasion  routes,  especially 
doorways,  basement  windows,  and  along  building  walls 
and  shipping  docks. 

When  you  bait  outdoors,  place  all  baii^  in  burrows, 
tunnels,  deep  into  holes,  or  in  covered  rodent  bait  stations. 
All  dry  baits  should  be  inspected  at  least  once  per  month 
and  replaced  with  fresh  baits  if  they  get  infested  with  insects 
rats.  Daily  baiting  is  necessary  if  you  use  perishable  baits 
such  as  fruits  and  vegetables.  Place  mixed  cereal  or  solid 
baits  in  waterproof  containers  in  a  cool,  dry  place  if  they're 
stored  for  long.  Upon  completion  of  the  program,  pickup  all 
bait  boxes,  containers,  etc.  for  disposal,  especially  if 
they're  accessible  to  the  public,  and  destroy  the  dead  rats. 

To  bait  for  mice,  place  large  numbers  of  smaller  baits, 
rather  than  smaller  numbers  of  large  baits;  mice  don't 
usually  travel  very  far  for  food.  Make  it  easy  for  a  mouse  to 
find  your  bait.  Place  cups  of  bait  along  walls  and  other 
runways  actually  touching  the  walls,  A  bait  placed  several 
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inches  from  a  wall  may  be  by-passed  consistently.  Be  very 
careful  to  bait  near  all  openings  to  the  outside  of  the 
building  where  mice  may  enter,  and  also  bait  next  to  all 
interior  doors  that  stay  open.  Remember  to  replace  baits 
frequently. 

As  with  rats,  it  is  desirable  to  remove  dead  mice,  but 
carcasses  are  often  in  wall  voids  or  other  inaccessible 
places.  If  the  dead  rodent  can't  be  retrieved,  ventilate  the 
area  as  well  as  possible  and  apply  a  masking  agent.  If  a 
carcass  is  in  a  wall  void,  forcing  a  pint  of  masking  agent  in 
water  into  the  area  will  usually  get  rid  of  the  odor 
immediately.  If  the  rodent  can't  be  precisely  located,  apply 
the  masking  agent  solution  more  generally.  In  severe  cases, 
you  may  have  to  use  a  mist  or  ULV  machine.  Repeat 
applications  may  be  necessary  until  the  carcasses  dry  up. 
Available  agents  include  Neutroleum  Alpha,  isobomyl 
acetate,  and  Styamine  1622.  Follow  label  directions 
closely. 

Exercises  (A06): 

1,  List  the  basic  food  preferences  for  Norway  rats,  roof 
rats,  and  house  mice. 


2.  What  purposes  are  served  by  test  baiting? 


3,  What  negative  effect  may  come  from  mixing  the 
poison  and  the  bait  material  improperly? 


4,  At  what  time  of  day  should  you  apply  baits?  Why? 


5.  Under  what  conditions  can  you  use  open  bait  traps? 


6,  What    are    the    three    main    types    of  available 
rodenticides? 


7.  What  should  you  do  if  the  rats  in  ycor  area  are  resistant 
to  Warfarin? 


8.  What  are  the  three  maf  jrttributcs  of  zi^^c  phosphide  in 
a  rodent  baiting? 


9,  Why  should  you  take  great  care  in        ;  strychnine  to 
control  mice? 


10.  Where   should    rodent   baits   be   placed  indoors? 
Outdoors? 


1 1 .  After  how  long  should  you  collect  uneaten  single-dosc 
baits? 


12.  Under  what  conditions  can  water  baits  be  most 
effectively  used? 


1-2.  Field  Rodents 

While  domestic  rodents  pose  a  continuing  problem  in 
many  areas,  numerous  other  rodents  also  require  control. 
The  many  types  of  field  rodents  (also  called  feral  rodents) 
are  native"  species  in  the  areas  where  they  are  found,  and 
they  do  not  follow  people  from  place  to  place.  TTiough 
some  common  names,  such  as  ** field  mice,"  are  widely 
used,  the  species  differ  from  place  to  place.  In  addition  to 
rats  and  mice,  you  may  also  have  to  control  several  types  of 
feral  squirrels. 

A07.  Verify  or  correct  statements  about  the  importance 
of  native  mice  and  rats« 

Impot  tance  of  Native  Mice  and  Rats*  The  importance 
of  the  various  native  rats  and  mice  of  the  family  Cricetidae 
(or  Miridae)  depends  on  their  species,  their  numbers,  and 
the  type  and  location  of  the  military  installation.  All  of 
these  rodents  serve  as  disease  reservoirs.  While  many 
members  of  this  family  are  mainly  nocturnal,  some  are 
active  enough  in  daylight  hours  to  be  attacked  by  biting 
flies.  A  single  Neotoma  live-trapped  in  Texas  was  a  host  for 
fleas,  ticks,  and  three  warble-fly  larvae.  In  addition,  this 
animal  had  plague.  Wood  rat  nests  in  the  Southwest  are 
often  infested  with  various  species  of  Triatoma, 
transmitters  of  Chagas'  disease. 

The  overall  importance  of  these  rodents  at  military 
installations  is  mainly  economic.  Native  rats  and  mice  can 
damage  communication  lines,  particularly  field  telephone 
cable  on  the  ground,  which  obstructs  their  runways.  The 
rats  and  mice  remove  the  insulation  and  often  sever  the 
cables.  Rodents  can  find  access  to  parked  aircraft  within 
which  they  destroy  control  and  communication  cables. 
Repellent-treated  communication  cables  are  now  available. 

Rice  rats,  and  more  so  the  cotton  rats,  damage  waterways 
and  impoundments  by  burrowing.  Deer  mice,  or  white- 
footed  mice,  are  normally  destructive  only  at  the  larger 
military  installations  with  many  acres  of  undeveloped 
lands.  When  they  are  very  numerous,  they  can  become 
pests.  This  often  happens  in  logged-over  forest  areas  where 
they  destroy  seeds  in  the  ground  or  fall  from  the  seed  trees 
left  for  reforestation;  in  new  areas  seeded  for  forest  trees;  in 
grainfields,  particularly  those  containing  shocks  of  com  and 
wheat;  and  in  feed  and  food  storage  places  in  farm  buildings 
and  houses.  They  also  eat  the  buds  and  bark  on  young  trees. 
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but  in  this  respect,  they  are  not  nearly  so  destructive  as 
meadow  mice. 

The  injuries  inflicted  by  meadow  mice  and  pine  mice 
vary  greatly  from  year  Co  year,  depending  on  the  abundance 
of  the  rodents,  the  nature  and  extent  of  their  food  supply, 
and  the  weather  conditiors.  The  fluctuation  in  the  numbers 
of  the  mice  is  continual,  irregular,  and  abrupt  owing  to  the 
varying  birth  rate*  disease,  food  availability,  and  the  extent 
to  which  they  are  preyed  upon  by  their  enemies  (wild  birds, 
mammals,  and  snakes).  Thus,  the  mere  presence  of  these 
mice  is  a  menace  requiring  regular  observation. 

Even  relatively  little  gnawing  at  vital  points  may  greatly 
damage  trees.  As  a  rule,  these  rodents  inflict  the  greatest 
injury  to  trees  during  winter  under  cover  of  snow. 
Therefore,  you  can  expect  more  severe  damage  during  a 
hard  winter  with  deep  snow  than  during  a  mild  one.  The 
rule  is  not  invariable  though;  severe  injury  has  been 
recorded  at  all  seasons  and  under  a  great  variety  of 
conditions. 

The  kinds  of  crops  injured  by  field  mice  are  practically 
without  limit,  but  orchard  trecc,  nursery  stock,  small  fruits, 
and  shrubbery  probably  suffer  the  most  damage.  Root 
crops,  tubers,  and  bulbs  are  very  attractive  to  mice, 
particularly  to  pine  mice,  and  loss  is  often  as  severe  as 
damage  caused  by  injury  to  fruit  trees.  Mice  are  also  fond  of 
clover  and  alfalfa,  and  the  aggregate  annual  loss  from 
inroads  on  these  crops  is  considerable.  Cereals  are  damaged 
most  heavily  in  the  shock,  but  they're  subject  to  attack  at  all 
times.  Because  of  these  different  habits,  the  greater  part  of 
the  injury  to  trees  and  other  vegetation  by  the  meadow 
mouse  is  inflicted  above  the  ground.  Injury  by  the  pine 
mouse  is  inflicted  below  the  surface,  where  in  the  case  of 
crops,  it  often  remains  unsuspected  until  harvest;  or,  in 
orchards,  until  the  foliage  of  the  undernourished,  girdled 
trees  begins  to  wilt.  Meadow  mice  occasionally  girdle  the 
trunk  of  a  tree  below  the  surface  of  the  ground,  but  they 
seldom  continue  to  remove  the  bark  from  the  roots  as  pine 
mice  do. 

Perhaps  the  most  significant  problems  posed  by  field 
rodents  is  their  attractiveness  to  birds  of  prey  (raptors). 
Many  of  these  rodents  inhabit  open  fields,  such  as  airfields. 
In  turn,  they  may  attract  hawks,  owls,  and  other  birds  to 
feed  there — ^birds  which  are  a  distinct  hazard  to  aircraft 
operations. 

Deep  snow  and  lack  of  clean  cultivation  allow  meadow 
mice  to  work  above  the  ground  level  v'ithciit  fear  of 
detection.  The  reason  it's  important  for  you  to  distinguish 
between  the  two  mice  is  that  mechanical  protectors  and 
clean  cultivation  around  trees,  which  are  successful  aids  in 
controlling  damage  by  meadow  mice,  have  little  effect  on 
pine  mice,  which  do  not  rely  on  surface  vegetation  for  food 
or  protection. 

Exercises  (A07): 

Mark  each  statement  being  true  (T)  or  false  (F)  and  correct 
any  false  ones. 

  1 ,  Considerable  damage  to  communication  lines  is 

done  '  y  native  mice  and  rats. 


2.  Deer  mice  or  white-footed  mice  damage  waterways 
and  impoundments  by  burrowing. 


3.  Rice  rats  and  cotton  rats  are  normally  destructive 
only  on  large  military  installations  with  many  acres 
of  undeveloped  land. 


4.  Meadow  mice  usually  will  girdle  the  trunk  of  a  tree 
above  the  ground. 


5.  Root  crops,  tubers,  and  bulbs  are  very  attractive  to 
pine  mice. 


AOS.  Match  various  native  mice  and  rats  with  their 
characteristics. 

Characteristics  and  Biology  of  Native  Mice  and  Rats. 

Native  mice  and  rats  belong  to  several  families.  There  are 
many  species  with  diverse  food  habits.  While  many  are 
essentially  omnivorous,  they  have,  for  the  most  part, 
adapted  to  a  vegetarian  diet.  A  few  are  distinctly 
destructive.  Most  can,  at  times,  be  detrimental  to  human 
welfare. 

Meadow  mice  and  pine  mice.  Although  these  mice  aj  e 
closely  related,  their  habits  differ,  and  as  these  habits  affect 
control  practices,  it  is  important  to  be  able  to  distinguish  the 
groups.  The  range  of  the  common  meadow  mouse  and  its 
allies  includes  almost  all  of  North  America  southward  to 
Guatemala,  as  well  as  the  northern  two-thirds  of  the 
Eurasian  Continent.  The  range  of  the  pine  mouse  is 
restricted  to  the  eastern  half  of  the  United  States,  from  the 
Atlantic  coast  to  eastern  Kansas  and  Nebraska,  and  from  the 
Gulf  of  Mexico  to  the  Great  Lakes. 

You  can  tell  them  apart  by  their  appearance,  the  natu-e  of 
their  burrows,  and  the  kind  of  injury  they  do.  The  mice  of 
both  of  these  groups,  often  called  voles,  are  blocky  littk 
animals  with  relatively  coarse  fur,  usually  dark  brown  in 
color,  and  with  small,  beady,  black  eyes  and  almost- 
concealed  ears.  The  pine  mouse  is  somewhat  the  smaller  of 
the  two.  Its  reddish-brown  fur  is  less  shaggy  and  more 
velvety.  Its  tail  is  short,  being  about  tiie  same  length  as  the 
hind  foot.  The  tail  of  the  meadow  mouse  (fig.  1-14),  on  the 
other  hand,  usually  is  nearly  twice  as  long  as  the  hind  foot. 
The  average  weight  of  meadow  mice  is  1  Va  ounces  and  that 
of  pine  mice  is  about  1  ounce.  The  females  of  each  species 
weigh  slightly  less  than  the  males. 

Meadow  mice  are  very  prolific  and  under  favorable 
conditions  produce  up  to  13  litters  a  year.  The  number  in  a 
litter  varies  from  1  to  1 1,  the  average  being  5.  The  size  of 
the  litter  fluctuates  with  the  population  level  of  the  mice, 
large  litters  predominating  when  mice  are  becoming 
abundant.  Pine  mice  are  less  prolific:  although  they  also 
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Figure  1-14.  Meadow  mouse  {Microtus  spp.). 


may  produce  several  litters  a  year,  these  number  only  1--5 
young  each. 

Both  meadow  mice  and  pine  mice  are  active  throughout 
the  year,  although  meadow  mice  are  most  restricted  in 
movements  during  the  winter,  and  the  latter  are  probably 
less  in  evidence  during  dry,  hot  weather.  The  outstanding 
difference  in  the  habits  of  these  two  mice  is  that  the  pine 
mouse  is  a  burrowing  animal,  living  and  feeding  very 
largely  underground,  whereas  the  meadow  mouse,  although 
constructing  shallow  tunnels  and  nesting  chambers 
underground,  feeds  mostly  on  the  surface.  Both  of  these 
voles  are  mainly  vegetarian,  though  pine  mice  will  feed  on 
insects  when  insects  are  abundant. 

White-footed  mice.  The  white-footed  mice  (fig.  1-15), 
also  known  as  deer  mice,  are  widely  distributed  throughout 
North  and  Central  America.  They  are  found  from  sea  level 
to  the  vegetation  line  of  the  highest  peaks  and  from  heavily 
timbered  areas  to  the  desert.  There  are  many  species  and 
subspecies,  but  all  have  the  characteristic  white  underparts 
and  white  feet.  The  color  of  the  sides  and  upper  parts  varies 
from  dark  gray  (nearly  black)  in  regions  of  heavy  rainfall  to 
light  yellowish-brown  in  desert  regions.  The  species  also 
vary  in  size,  the  combined  head  and  body  length  running 
from  80  to  170  mm  and  tail  length  from  40  to  205  mm.  The 
weight  of  adults  ranges  from  1/2  to  2  ounces.  All  have  large 
ears,  prominent  eyes,  and  tails  at  least  one-third  the  total 
length  of  the  animal. 

White-footed  mice  are  almost  completely  nocturnal. 
They  do  not  make  runways  of  their  own  as  the  meadow 
mice  do.  They  use  such  trails  as  the  runways  of  meadow 
mice  and  the  tunnels  of  moles  and  pocket  gophers. 

They  are  found  in  practically  all  i  ^cs  of  habitats — in 
woodlands  and  swamps,  along  wateivourses,  in  the  wide, 
open  spaces  of  the  upland  prairies,  about  rocks  and  cliffs, 
and  in  deserts.  Those  inhabiting  the  prairies,  open 
cultivated  areas,  and  fence  rows  usually  make  their  nests  in 
short,  simple  burrows.  Those  in  woodlands  live  largely  on 
the  surface  of  the  ground,  building  their  nests  and  living 
quarters  among  the  roots  of  shrubs  and  trees,  in  decayed 
stumps  and  hollow  trees,  and  under  logs.  They  may  even 
make  use  of  deserted  nesting  cavities  of  birds  or  abandoned 
birds*  nests  in  bushes.  A  few  live  and  travel  about  in 
cultivated  fields  and  make  permanent  homes  in  bams  and 
houses  where  the  house  mouse  is  not  abundant.  These  mice 
do  not  hibernate.  Their  little  tracks  may  be  seen  in  the  snow 
the  day  following  the  coldest  night,  showing  that  they  were 
out  seeking  food. 
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White-footed  mice  arc  very  prolifiv:.  They  breed 
throughout  the  year  in  the  temperate  regions  and  produce 
1-9  young  per  litter.  Although  they  occur  throughout  the 
United  States  in  great  numbers,  they  concentrate  in  certain 
areas  where  they  become  of  economic  importance.  They 
are  extremely  numerous  in  the  western  states. 

As  might  be  expected  from  their  wide  distribution, 
white-footed  mice  consume  a  great  variety  of  foods,  but 
they  apparently  prefer  seeds,  nuts,  and  grains.  The  seeds 
include  those  of  grasses,  weeds,  shrubs,  and  trees.  They 
often  store  them  in  burrows  and  in  the  cavities  of  old 
stumps.  They  will  devour  the  bodies  of  mice  that  have  been 
caught  in  traps  and  will  kill  and  eat  pocket  mice.  They  also 
eat  insects,  their  eggs,  and  their  larvae. 

Wood  rats.  Various  species  of  these  large  rats  (fig,  1-16), 
are  widely  distributed  throughout  North  and  Central 
America,  They  have  long,  hairy  tails,  which  are  bushy  in 
some  species.  The  ears  are  large  and  membranous.  The 
skull  is  long,  angular,  and  heavy.  These  rats  are  chiefly 
vegetarians.  They  eat  flowers,  fruit,  seeds,  stems,  and  bark. 
They  often  carry  food  to  their  dens,  where  discarded  parts 
of  plants  may  be  added  to  mounds  of  sticks  and  twigs, 
Cactis  and  other  fleshy  plants  serve  as  moisture  sources  in 
arid  areas. 

Rice  rats  and  cotton  rats.  These  rats  (figs,  1-17  and  1-18 
respectively)  are  distributed  widely  in  Noith,  Central,  and 
South  America,  The  rice  rat  eats  a  variety  of  seeds,  hedges, 
fruit,  and  berries.  It  takes  the  large  seeds  of  grama  grass, 
wild  rye,  and  marsh  grass  and  is  sometimes  a  pest  in  fice 
fields.  When  these  foods  are  in  short  supply,  the  rice  rat 
goes  to  the  shore  where  it  feeds  on  small  Crustacea  and 
mollusks  exposed  at  low  tide.  It  also  feeds  on  insects.  The 
larger  cotton  rat  has  similar  food  habits  and  is  a  pest  of 
sugar  cane  and  sweet  potatoes.  In  addition,  it*s  a  menace  to 
ground-nesting  birds,  eating  both  eggs  and  young. 

Exercises  (AOS): 

1,  Does  each  statement  refer  to  meadow,  pine,  or  white- 
footed  mice;  or  to  wood,  rice,  or  cotton  rats? 

  l,Long,  hairy  tails  which  are  bushy  in 

some  species;  ears  are  large  and 
membranous, 

  2,  Pests  of  sugarcane  and  sweet  potatoes. 


Figure  1-15.  White-fcx)tcd  mouse  {Pvromyscus  spp.). 


Figure  Wood  rat  {Ncototmi  spp.). 


Figure  1-17.  Rice  rat  (Orv'zom.vj  spp.) - 


3.  Have  short  tails,  about  the  same  length 
as  the  hind  foot. 

4.  Have  tails  about  twice  the  length  of  the 
hind  foot. 

5.  Take  large  seeds  of  grama  grass,  wild 
rye,  and  marsh  grass  and  are  sometimes 
pests  in  rice  fields. 

6.  These  do  not  hibernate. 


A09.  Cite  inspection  and  control  measures  for  feral 
rodents. 

Inspection  and  Control  of  Feral  Rodents.  Inspection 
for  the  native  mice  and  rats  involves  finding  the  cause  of 
damage  and  searching  for  runways  and  tracks.  Native  mice 
and  rats  can  be  controlled  at  military  installations  by 
trapping  or  poisoning. 

Trapping,  This  is  the  best  way  to  determine  species  and 
numbers.  Meadov/  and  pine  mice  are  easily  trapped  in  small 
wooden-based  snap  traps.  Set  these  traps  in  the  runways  and 
at  right  angles  to  them  so  that  a  mouse  following  its  usual 
route  will  pass  directly  over  the  trigger.  Near  the  entrances 
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to  burrows  is  a  good  location  for  traps.  For  best  results,  the 
trap  should  be  baited  with  oatmeal,  apples,  or  vegetables, 
but  mice  can  be  caught  in  an  unbaited  trap  if  you  properly 
set  it  in  a  runway.  For  convenience  in  finding  a  trap,  mark 
the  site  with  a  bit  of  cotton  twisted  on  a  nearby  weed  or  twig 
or  on  a  stick  stuck  into  the  ground.  Examine  the  traps  and 
reset  them  twice  daily.  For  trapping  white-footed  mice  near 
buildings,  the  small  wooden-based  snap  trap  is  very 
satisfactory.  Bait  the  traps  with  rolled  oats  breakfast  cereal 
or  nutmeats.  Mice  can  be  controlled  around  seedbeds  in 
forestry  nurseries  by  trapping  if  enough  traps  are  used  to 
cover  the  area  well.  Set  larger  traps  for  the  wood  rats  and 
cotton  rats. 

Baiting,  The  most  effective  and  least  expensive  way  to 
control  meadow  and  pine  mice  is  to  use  poisoned  baits.  For 
large-scale  operations,  you  can  also  use  poisoned  baits  to 
reduce  the  numbers  of  white-footed  mice.  Although  the 
effectiveness  of  baits  varies  in  different  localities,  even 
under  some  unfavorable  local  conditions,  the  proper 
application  of  well-prepared  poisoned  baits  will  kill  enough 
mice  to  protect  trees  and  crops. 

In  many  cases,  nearly  all  the  meadow  mice  and  pine  mice 
may  be  killed  by  baits  poisoned  with  zinc  phosphide  and 
strychnine.  For  controlling  deer  mice,  strychnine  alkaloid  is 
only  fairly  efficient  under  most  conditions.  In  areas  where 
the  acceptance  of  strychnine-poisoned  bait  is  very  low,  you 
can  use  zinc  phosphide  baits  as  a  foUowup,  Zinc  phosphide 
is  highly  toxic  to  mice  and  is  taken  readily. 

Most  phosphide  compounds  deteriorate  rapidly  on 
exposure  to  the  air,  but  zinc  phosphide  retains  its  toxicity 
f '  V  3  weeks  or  more  on  dry  bait  material.  On  moist  bait,  it 
loses  its  toxicity  more  rapidly,  but  even  so,  it  is  toxic  long 
enough  to  make  the  bait  effective.  Zinc  phosphide  is 
insoluble  in  water  but  slightly  soluble  in  fats  and  oils. 
Hence,  oils  may  be  used  in  the  formulas. 

Strychnine  alkaloid  is  an  effective  poison,  but  its 
bitterness  and  its  initial  physiological  action  in  cramping 
the  muscles  may  cause  the  mice  to  fail  to  cat  enough  at  one 
time  to  be  fatal,  !n  Western  States  where  the  mice  are 
accustomed  to  feeding  on  grains,  strychnine  placed  on  oat 
baits  often  produces  satisfactory  results. 

There  are  four  good  bait  materials  for  meadow  and  pine 
mice:  fruits,  vegetables,  grains,  and  seeds.  Of  the  fruits,  the 
apple  is  best;  of  the  vegetables,  sweet  potato  or  carrot;  and, 
of  the  grains  and  seeds,  oats. 


Figure  1-18,  Cotton  rat  {Sigmodon  spp.). 
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Deer  mice  prefer  steamed  rolled  oats  or  wheat,  but  they 
accept  rolled  oats  breakfast  cereal  and  com  meal  fairly 
well,  and  you  can  use  them  in  a  limited  way.  Such  special 
baits  as  steamed  rolled-oat  gioats  and  hulled  sunflower 
seeds  are  well  accepted  by  these  mice.  You  can  use  them 
extensively  if  the  materials  are  available  at  a  reasonable 
cost.  Poisons  such  as  strychnine  for  mice  and  zinc 
phosphide  for  rats  or  mice  are  suitable  for  controlling  these 
rodents.  If  you're  conducting  a  long-term  control  program, 
weather-resistant  anticoagulants  are  most  useful. 

Deer  mice  often  follow  meadow  mice  trails  in  orchards  in 
tall  grass,  under  mulch,  in  ruts,  and  along  furrows.  You  can 
usually  tell  whether  a  runway  is  in  use  by  its  appearance  and 
by  the  presence  of  freshly  cut,  short  pieces  of  grass  stems  or 
of  fresh  droppings  on  the  trail  floor. 

Place  poisoned  baits  directly  on  the  floor  of  used  trails 
and  cover  them  with  a  handful  of  grass  or  other  litter.  In 
areas  where  pine  mice  occur  with  or  without  moles,  but  not 
meadow  mice,  there  may  be  few  or  no  trails  on  the  ground 
surface.  This  is  often  the  case  in  sandy  loam  soil.  The 
presence  of  mice  is  indicated  by  small,  open  holes  about  1 
inch  in  diameter.  You  can  drop  poisoned  baits  into  these 
holes.  Bait  the  area  thoroughly,  taking  care  to  see  that  both 
the  surface  trails  and  the  deeper  pine  mouse  burrows  are 
treated.  Control  depends  as  much  on  complete  coverage  of 
all  rnouse-infested  sites  within  the  area  as  on  the 
effectiveness  of  the  poisoned  bait.  Place  baits  wherever  you 
find  used  trails,  especially  at  all  rock  outcrops,  along  stone 
walls  and  drainage  ditch  banks,  as  well  as  at  the  base  of 
each  tree  where  you  find  mouse  trails  or  holes.  Baits  not 
placed  in  trails  are  usually  wasted. 

Fumigating.  You  can  use  aluminum  phosphide  tablets 
very  effectively  to  control  burrowing  field  rodents  and  other 
burrowing  pests.  Apply  2-4  round  tablets  or  10-20  pellets 
to  each  den  opening.  Then  seal  the  opening  tightly  by 
packing  it  with  crumpled  newspaper  and  shovel  soil  over 
the  entrance.  (Given  the  small  size  of  burrows,  you'll 
probably  want  to  use  smaller  amounts  than  with  animals 
such  as  woodchucks  and  prairie  dogs  unless  soil  moisture  is 
low  or  the  soil  is  very  porous.)  Make  sure  you  follow  all 
safety  precautions  on  the  label  when  you  use  aluminum 
phosphide. 

Exercises  (A09): 

1 .  Where  should  you  place  snap  traps  for  meadow  and 
pine  mice? 


2.  What  baits  should  you  put  on  traps  for  pine  or  meadow 
mice? 


3.  Where  should  you  use  zinc  phosphide  as  a  followup 
rodenticide? 


4.  How  long  does  zinc  phosphide  retain  its  toxicity? 


5.  What  bait  materials  work  best  for  meadow  and  pine 
mice?  For  deer  mice? 


6.  What  poisoning  materials  should  you  use  for  a  long- 
term  contrcl  program  for  field  rodents? 


7.  Where  should  you  place  baits  in  outdoor  areas? 


8.  What  are  the  application  rates  for  fumigating  burrows 
with  aluminum  phosphide? 


AlO,  Identify  feral  rodents  of  the  squirrel  family  with 
their  physical  descriptions* 

Feral  Rodents  in  the  Squirrel  Family*  Of  the  many 
species  in  the  squirrel  family  Sciuridae,  the  most 
troublesome  at  military  installations  are  the  ground 
squirrels  (Citeiius),  the  prairie  dogs  (Cynomys),  and  the 
woodchuck,  groundhog,  or  marmot  (Marmota),  The 
burrowing  members  can  cause  serious  economic  damage 
(including  erosion)  by  their  extensive  digging,  but  the 
family's  greatest  importance  is  that  they  serve  as  reservoirs 
of  disease, — mainly  plague  and  tuleremia.  They  also  are 
hosts  of  the  ticks  that  carry  Rocky  Mountain  spotted  fever. 

Ground  squirrels  {Citellus).  These  rodents  (fig.  1-19), 
erroneously  called  gophers,  are  found  in  Western  North 
America  from  Alaska  to  Mexico.  They  are  also  found  in 
eastern  Europe  and  Asia  south  to  Turkestan  and  Western 
Mongolia.  Those  of  Western  North  America  range  from  23 
to  48  cm  from  the  tip  of  the  nose  to  the  end  of  the  tail.  They 
are  gray  to  reddish  brown.  Most  species  have  large  ears,  a 
rather  long  and  narrow  skull,  well-developed  cheek 
pouches,  and  long,  fully  haired  tails. 

These  feral  rodents  burrow  extensively  when  numerous. 
Temporary  burrows  are  sometimes  made  to  extend  the  area 
of  foraging.  They  feed  chiefly  upon  green  vegetation  early 
in  the  spring.  Later  they  will  feed  on  grass  stems,  fruit, 
berri'^s,  and  many  species  of  insects.  They  store  seeds.  In 
areas  with  cold  winters,  ground  squirrels  will  hibernate. 

Prairie  dogs  (Cynomys).  These  rodents  are  also  found  in 
the  western  United  States  and  Northern  Mexico.  They  are 
heavier  bodied  than  are  ground  squirrels  and  have  shorter 
hair,  which  lies  close  to  the  body,  'ihe  head  and  back  are 
tan  or  light  brown.  While  the  ground  squirrels  tend  to  be 
somewhat  gregjinous,  the  prairie  dogs  are  truly  colonial  and 
live  in  ''towns."  Like  the  ground  squirrel,  the  prairie  dog 
feeds  pnmarily  on  vegetation,  but  it  will  eat  insects  readily. 
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Figure  1~19.  Ground  squirrel  (feral  rodent). 


Woodchucks,  groundhogs*  or  marmots  (Marmota). 
These  feral  rodents  are  found  from  the  Eastern  United 
States  to  the  mountain  ranges  of  California.  They  are  also 
found  in  Western  Europe  and  most  of  Asia.  They  are  heavy, 
robust,  well-furred  animals.  The  crown  of  the  head  is 
darker  than  the  body.  Where  terrain  permits,  burrows  are 
constructed  on  hillsides  or  low,  sloping  banks.  While  they 
will  occasionally  eat  grasshoppers,  snails,  and  small  birds, 
they  are  more  herbivorous  than  are  ground  squirrels  or 
prairie  dog«.  They  enjoy  clover,  alfalfa,  flower  heads,  and 
other  herbaceous  plants.  In  some  mountainous  areas  of  the 
Western  United  States,  they  are  nearly  as  gregarious  as 
ground  squirrels.  In  the  Eastern  States,  their  burrows 
usually  are  more  isolated.  Hibernation  usually  lasts  through 
late  winter. 

Exercises  (AlO): 

1.  To  which  species  does  each  of  these  feral  rodents 
belong?  Give  the  species  as  well  as  the  common 
names. 

a.  This  northern  California  rodent  is  gray  to  reddish 
brown,  and  it  hibernates  in  the  winter. 


b.  This  Georgia  rodent  is  heavy  and  well  furred  and 
the  crown  of  its  head  is  darker  than  its  body.  It  is 
mostly  herbivorous,  but  it  may  eat  small  birds. 


c.  This  rodent  lives  in  a  colony  in  Northern  Mexico. 
It  is  heavy  bodied  wi^h  a  tan  head  and  back. 
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All.  Verify  or  correct  statements  about  controls  for 
members  of  the  squirrel  f  Muily. 

Control  of  the  Squirrel  Family.  There  arc  no  special 
inspection  techniques  for  burrowing  members  of  the 
squirrel  family.  You  can  control  them  by  baiting,  gassing, 
trapping,  or  shooting  them.  Your  choice  depends  mainly  on 
the  size  of  the  job. 

Shooting.  This  can  be  the  easiest  and  cheapest  control  for 
an  occasional  ground  squirrel  or  woodchuck,  but  hmd  use 
may  prevent  it.  Shooting  is  not  an  economical  method  for 
control  in  large  iu*eas  of  infestation. 

Trapping.  L»ke  shooting,  trapping  can  be  a  cheap  and 
effective  conlrol  for  a  limited  infestation.  Stool  traps  baited 
with  bacon  or  peanut  butter  will  readily  take  ground 
squirrels.  Be  sure  to  attach  the  traps  to  sturdy  objects  to 
keep  them  from  being  dragged  into  burrows. 

Fumigating.  Various  fumigants  are  effective  for  the 
control  of  ground  squirrels,  prairie  dogs,  and  woodchucks. 
To  use  carbon  monoxide,  park  a  jeep,  truck,  or  tractor  near 
the  burrow  and  use  a  hose  to  direct  the  exhaust  to  the 
burrow.  Pack  soil  around  the  hose.  This  procedure  can  be 
effective,  but  it  is  time  consuming. 

Calcium  cyanide  dust  and  aluminum  phosphide  arc 
useful  in  control  over  small  areas  or  as  cleanup  applications 
to  eliminate  scattered  rodents  not  killed  by  poison  when  an 
area  is  baited.  They  are  also  useful  at  times  when  the 
animals  will  not  accept  poisoned  baits.  You  can  pump 
calcium  cyanide  into  the  burrows  with  a  foot-pump  duster 
or  apply  it  to  burrows  with  a  tablespoon  attached  to  the  end 
of  a  20-inch  wood  handle.  Place  a  taolespoonful  (P/2  to  2 
ounces)  of  the  toxicant  on  the  burrow  floor  as  far  in  as  you 
can  reach.  Cover  the  mouth  of  the  burrow  with  sod.  Place 
the  sod  upside  down  so  that  less  soil  will  fall  in  to  cover  up 
the  cyanide  dust.  Apply  <  uminum  phosphide  in  the  same 
manner  as  for  feral  rats  and  mice. 

Exercises  (All): 

Mark  each  statement  true  (T)  or  false  (F),  correcting  any 
false  ones. 

  I .  The   choice   of   methods   of  controlling 

burrowing  members  of  the  squirrel  family 
depends  primarily  on  the  size  of  the  job. 


2.  The  easiest  and  cheapest  control  for  an 
occasional  squirrel  or  woodchuck  is  usually 
shooting. 


3.  Steel  traps  baited  with  bacon  or  peanut  butter 
may  readily  take  ground  squirrels. 
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.   4,  Fumi^iints  used  to  gas  ground  squirrels  and 

prairie  dogs  are  most  effective  when  the  soil 
is  dry, 

I 

  5,  Poisoned    baits    are    usually    the  most 

economical  way  to  control  burrowing 
members  of  the  squirrel  family. 


A12.  State  the  importance,  features,  inspection,  and 
controls  for  pocket  gophers. 

Pocket  Gophers.  On*^  of  the  most  harmful  and  annoying 
rodent  pests  is  the  pocket  gopher,  a  medium-sized 
burrowing  animal,  which  gets  its  name  from  the  fur-lined 
external  cheek  pouches  in  which  it  carries  its  food.  The 
pocket  gopher  causes  damage  both  by  what  it  eats  and  by 
the  aboveground  mounds  it  leaves  in  burrowing  and 
foraging.  There  are  more  than  100  varieties  of  pockr^t 
gophers  in  the  United  States.  Most  of  them  fall  into  three 
main  genera:  Geomys,  Thomomys,  and  Cratogeomys.  The 
genus  Thomomys,  (the  western  pocket  gopher),  includes  all 
species  west  of  the  Rocky  Mountains.  The  eastern  pocket 
gopher,  genus  Geomys,  occurs  in  the  Eastern  Gulf  states 
and  all  over  East  and  Noilh  Central  Themerica.  A  third 
genus  (Cratogeomys)  occurs  in  parts  of  the  Southwestern 
United  States  and  Mexico. 

General  characteristics.  All  pocket  gophers  have  many 
characteristics  in  common  (fig.  1-20).  They  average  about 
5-7  inches,  with  some  growing  as  long  as  13  inches.  Adult 
males  are  a  little  larger  than  adult  females.  Their  front  limbs 
are  strong  and  carry  long  claws  which  are  used  for  digging 
and,  occasionally,  fighting.  They  have  relatively  large 
incisors  (front  teeth)  which  are  used  for  the  same  purposes. 
'Tie  musculai-  lips  close  around  and  behind  the  teeth,  so  that 
he  gopher  can  use  its  teeth  for  digging  without  **eating 
dirt."  Certain  species  often  run  backwards  through  their 
jurrows  with  great  case,  using  their  short,  hairless  tails  as  a 


Figure  1-20,  Western  pocket  gopher  {Thomomys  bottae). 


guide.  Coloring  varit^s  from  light  to  dark  brown.  Chins  and 
bellies  may  be  almost  white,  redd»sh  brown,  or  nearly 
black. 

The  pocket  gopher  is  active  year  round  and  lives  alone, 
except  during  the  spring  mating  season,  A  population  of  50 
gophers  per  acre  is  quite  high,  while  meadow  mice  may 
reach  20  times  this  number  during  population  eruptions. 
Diseases  that  can  exert  sudden  and  severe  reduction  in  more 
crowded  rodent  populations  are  not  as  readily  transmiited 
among  gophers.  Therefore,  gopher  population  ticnds  arc 
not  as  markedly  cyclic  as  those  of  some  other  species. 

Control  measures.  The  gopher's  preference  for 
underground  solitude  makes  control  difficult,  but  persistent 
effort  will  reduce  and  even  eliminate  them  over  a 
considerable  area.  Prompt  attention  to  the  first  evidence — 
new  mounds — in  a  garden  or  field  will  often  save  valuable 
plants  and  prevent  other  damage.  Control  is  most  effective 
when  green  surface  vegetation  starts  to  grow  early  in  the  fall 
or  spring.  Gophers  are  most  active  when  the  ground  is  soft 
and  before  young  are  bom.  Methods  of  control  include 
trapping,  fumigation,  Hooding,  excluson,  encouraging 
natural  enemies,  and  poisoning.  As  we  said,  pocket  gopher 
control  is  done  best  by  trapping  and  poisoning.  This  is 
difficult,  because  the  bait  or  trap  can't  be  placed  on  top  of 
the  ground  near  a  gopher  mound  but  must  be  carefully 
located  in  the  underground  burrow. 

Trapping,  Because  pocket  gophers  live  in  small 
underground  burrows,  special  types  of  traps  are  required 
(ordinary  mouse  or  rat  traps  are  useless).  The  most 
successful  trap  is  the  Macabee — about  SVi  inches  long  and 
made  of  wire  except  for  the  trigger  (fig,  1-21),  It  springs 
when  a  gopher  pushes  against  the  fiat  trigger  pan.  Next 
most  popular  is  a  box  type  with  a  choker  loop,  that  releases 
when  the  gopher  seizes  special  bait  on  a  trigger. 

Traps  are  quick  and  positive  when  they're  set  right.  They 
are  inexpensive,  they  last  indefinitely,  and  they're  simple  to 
use,  but  the  labor  of  setting  them  is  till  a  problem.  You  use 
a  light  shovel  to  dig  down  to  the  main  run,  which  the  gopher 
always  keeps  open,  A  12-inch,  stout  iron  spoon  or  narrow 
trowel  is  useful  for  exposing  the  main  run  and  placing  the 
trap  properly.  Select  the  freshest  mount,  and  you  can  find 
the  main  run  (probably)  by  following  the  angle  of  the  dirt- 
plugged  hole.  Mounds  are  usually  6-15  inches  from  the 
main  run,  with  the  laterals  nearly  at  right  angles  to  it. 

With  the  shovel,  clear  a  place  to  set  a  trap  in  each 
direction  (fig,  1-22).  Clean  out  the  main  run  with  the  spoon, 
disturbing  it  no  more  than  necessary.  A  little  loose  dirt  may 
be  left  in  the  bottom  of  the  tunnel  to  cover  the  prongs  and 
front  end  after  you    jsh  the  trap  into  place. 

Many  people  cover  the  burrow  with  a  clod  or  handful  of 
grass  or  aJfalfa  so  that  little  light  reaches  the  trap.  A  gopher 
instinctively  closes  all  open  burrows  tightly  to  keep  out 
natural  enemies.  A  trap  placed  in  an  uncovered  hole  may  be 
sprung  by  the  dirt  the  gopher  pushes  ahead  in  plugging  the 
hole. 

Each  trap  should  have  a  light  wire  or  cord  fastening  it  to  a 
marker  stake  that  will  keep  it  from  being  dragged  far  back 
into  the  tunnel  by  a  wounded  gopher  or  being  removed  by  a 
dog  or  cat  when  it  contains  a  gopher. 

After  you  put  out  the  traps,  tramp  down  or  kick  the  tops 
off  all  mounds  nearby  so  that  the  next  visit  will  show  any 
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new  mounds  where  further  effort  is  needed.  For  most 
efficient  use  of  traps  and  best  results,  visit  each  setting 
morning  and  evening »  or  more  often. 

Fumigation,  Fuuiigation,  a  successful  method  for 
controlling  some  rodents,  is  of  limited  effectiveness  against 
pocket  gophers.  The  extent  of  the  burrow  system,  the 
chance  for  leakage  through  the  softer  earth  of  laterals,  the 
closeness  of  the  main  runs  to  the  surface,  and  the  fact  that 
gophers  may  quickly  plug  off  their  burrows  to  escape 
poisonous  gas  all  make  gas  unsatisfactory. 

Flooding,  This  method  may  drive  gophers  from  their 
runways,  but  few  actually  drown.  Individual  gophers  in 
lawns  and  gardens  can  be  forced  out  by  turning  the  stream 
from  a  hose  down  the  burrow  so  the  gopher  can  be  clubbed 
as  it  emerges.  A  variation  to  flooding  involves  adding  a 
high-suds  laundry  detergent  to  the  water.  Then  as  the  water 
is  sprayed  in,  ^he  suds  develop  ahead  of  the  water.  You 
therefore  get  the  same  response  from  the  gopher  but  use  less 
water. 


Figure  1-21.  Macabee  gopher  trap . 


Exclusion,  You  can  protect  small  gardens  or  ornamental 
plantings  of  high  value  by  fencing.  To  protect  against  both 
underground  and  overland  invasion >  the  fence  of  small- 
mesh  wire,  sheet  metal  or  concrete  should  extend  a  foot 
above  the  ground  and  2  feet  below.  Protect  young  trees  or 
grapevines  by  enclosing  them  in  a  wire-mesh  basket  or 
cylinder  from  ground  level  to  2  feet  deep.  Cases  of 
unusually  heavy  and  persistent  burrowing  in  canal  and  ditch 
banks  may  require  underground  fences  of  wire  mesh  or 
concrete  but  this  is  expensive,  and  it's  warranted  only  when 
gopher  damage  is  quite  costly. 

Natural  enemies.  The  bam  owl  and  gopher  snake  are 
useful  aids  in  gopher  control.  The  owl  nests  in  bams, 
steeples,  palm  trees,  and  holes  in  cliffs  or  earth  bank.  Its 
diet  is  almost  entirely  rodents,  often  mainly  pocket 
gophers,  A  pair  of  owls  may  take  3-6  gophers  daily  in 
feeding  their  young;  they  rarely  eat  birds  and  never  kill 
poultry.  The  gopher  snake  commonly  eats  gophers  in  fields 
and  orchards  but  sometimes  takes  eggs  from  wild  birds  or 
from  henhouses.  Some  house  cats  become  expert  at 
catching  gophers. 

Poisoning,  Pocket  gophers  are  controlled  best  by 
poisoning.  Over  large  areas  heavily  infested  with  gophers, 
the  cheapest  control  is  poison  bait.  Probe  to  locate  an  open 
burrow  (fig,  1-23),  then  drop  poison  bait  through  the  probe 
hole  (enlarged  by  digging).  Take  care  not  to  drop  dirt  into 
the  tunnel  or  cover  the  bait  with  dirt.  Since  pocket  gophers' 
external  cheek  pouches  are  lined  with  fur,  they  don't  absorb 
poison,  and  we  have  to  depend  on  stomach  {X)isons, 
Strychnine  is  effective  for  this  purpose.  Baits  should  be 
tinted  with  green  food  coloring  so  they  don't  attrac*  other 
animals  or  birds,  wild  or  domestic. 

Strychnine  alkaloid — coated  grain  is  a  relatively  safe 
poison.  It  i-^  extremely  distasteful  to  humans  and  it  has  no 
secondary  effect.  An  animal  eating  only  the  flesh  of  a 
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Figure  1-22,  Gopher  Uap  placement. 
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Figure  1-23.  Probing  for  gopher  runways. 


poisoned  gopher  will  not  be  affected.  Use  grains  coated 
with  0.25  or  0.50  percent  strychnine  alkaloid.  Use  grains 
such  as  milo  and  barley  for  best  results.  The  effective  life  of 
these  baits  is  2-3  weeks,  depending  on  germination 
conditions  in  the  soil.  It  is  possible  for  a  nontarget  animal 
to  get  a  lethal  dose  of  strychnine  by  eating  whole  gophers. 
The  rodent  may  have  some  of  the  bait  in  its  cheek  pouches 
or  undigested  in  its  stomach.  This  type  of  poisoning  is 
unlikely,  but  it  is  possible. 

Exercises  (A12): 
1 .  How  do  pocket  gophers  cause  damage? 


3.  During  what  seasons  are  pocket  gophers  active? 


4.  What  are  the  best  controls  for  pocket  gophers? 


5.  Why  is  trapping  for  pocket  gophers  so  hard? 


2.  What  physical  features  help  a  pocket  gopher  adapt  to 
its  environment? 


6.  Why  doesn't  fumigation  help  much  in  controlling 
pocket  guphers? 
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EACH  YEAR  THE  U.S.  Air  Force  loses  millions  of  dollars 
and  hundreds  of  work-hours  in  maintenance  because  of 
damage  to  aircraft  and  equipment  caused  by  birds.  These 
losses  result  from  bird  strikes  to  aircraft  and  from  bird 
droppings  and  nesting  materials  in  and  around  airbase 
structures  and  equipment.  The  seriousness  of  this  problem 
and  the  potential  health  hazards  caused  by  birds  in  certain 
situations  require  pest  bird  management  procedures  for 
each  airdrome  environment.  Bird  control  in  the  airdome 
environment  can  be  a  complex  problem,  but  simple 
procedures  done  regularly  can  greatly  reduce  pest  bird 
problems. 

People  have  always  been  fascinated  with  birds, 
particularly  with  their  ability  to  fly,  but  this  fascination  did 
not  lead  to  an  understanding  of  birds  and  their  importance 
until  recent  times.  Even  when  birds  were  recognized  as  an 
important  food  source,  we  hunted  some  species  so 
extensively  that  we  contributed  to  their  elimination.  Our 
failure  to  understand  the  role  that  birds  play  in  nature  also 
has  destroyed  their  habitat  and  damaged  the  environment  to 
the  extent  that  some  species  have  been  eradicated  toially, 
while  others  are  near  extinction.  At  the  same  time,  some 
species  have  either  benefited  from  habitat  changes  or  have 
adapted  to  living  near  humans.  Many  of  these  species 
multiplied,  and  some  that  fonnerly  were  limited  in  their 
range  are  now  found  nearly  worldwide.  As  the  importance 
of  birds  became  apparent  and  we  began  to  understand  our 
impact  on  birds  and  their  populations,  the  protection  and 
management  of  birds  gained  new  emphasis.  Laws,  treaties, 
and  regulations  were  established  to  protect  birds  and  to 
ensure  that  they  would  be  maintained  as  important  natural 
resources.  At  first  these  laws  concerned  only  game  species, 
but  now  almost  all  of  the  birds  in  North  America  are 
protected  by  a  number  of  laws,  treaties,  and  regulations. 
You  must  be  aware  of  the  legal  protection  that  has  been 
given  to  birds.  Any  bird  control  program  must  comply  with 
applicable  regulations  and  should  be  coordinated  with  the 
appropriate  local.  State,  and  Feiieral  wildlife  authorities. 

The  information  here  is  background  you  need  to  contain 
or  eliminate  real  or  potential  pest  bird  problems.  You 
should  know  and  understand  the  basic  principles  of  bird 
biology  and  behavior  as  they  affect  bird  control  and  then 
choose  the  n.ost  appropriate  control  technique  for  the 
situation  at  hand. 

2-1.  Introduction  to  Bird  IManagement 

To  develop  and  implement  effective  bird  management 
programs,  you  need  a  basic  understanding  of  terms  that 


apply  to  bird  management  and  the  characteristics  of  some  of 
the  most  common  pest  and  hazardous  bird  species.  That's 
the  aim  of  this  section. 


A13.  Associate  bird  management  terms  with  their 
meanings. 

Bird  Management  Terms.  Let's  look  at  six  terms  that 
have  special  meanings  in  bird  management.  Bird  damage 
results  when  material  or  equipment  is  damaged  as  a  result  of 
bird  activities.  There  is  a  distinct  difference  between  a  bird 
nuisance  and  bird  damage.  For  example,  a  few  noisy  house 
sparrows  around  an  office  building  may  seem  to  be  a 
problem  but  only  may  be  an  annoyance  to  workers.  Bird 
damage  occurs  when  the  sparrows  build  nests  in  the 
building,  leaving  corrosive  droppings  or  holes  in  screening. 
Bird  damage  comrol  seeks  to  reduce  the  potential  for 
damage  caused  by  birds.  The  term  **bird  control'' 
sometimes  includes  the  control  of  both  damage  and 
hazards,  but  our  goal  is  to  reduce  the  damage  and  the 
hazards  that  birds  can  cause,  rather  than  to  control  the  birds, 
A  bird  hazard  exists  when  birds  represent  a  potential  threat 
to  health  or  safety.  We  should  concentrate  on  bird  hazards, 
rather  than  bird  damage.  In  and  near  an  airdrome  the 
bird/aircraft  strike  hazard  is  frequently  serious,  and 
reducing  this  hazard  becomes  the  most  important  task  you 
have. 

Bird  management  depends  on  changing  the 
characteristics  and  interactions  of  birds,  their  habitat,  and 
people  to  reach  human  goals.  It  refers  to  everything  we  do 
vieliberately  to  affect  birds,  whether  to  encourage  or 
discourage  them  from  a  given  area,  or  to  increase  or 
decrease  their  populations. 

Bird  strikes  (contact  between  a  bird  and  a  moving 
aircraft)  cost  lives  and  equipment;  even  minor  bird  strikes 
add  up  to  thousands  of  dollars  in  annual  repair  costs.  Bird 
strikes  also  can  interrupt  base  missions.  Aircraft  collisions 
with  birds  are  the  most  serious  problem.  Bird/aircraft  strike 
problems  can  come  during  the  takeoff,  en  route,  or  at 
landing  and  they're  hazardous  particularly  during  the  low- 
level  phase.  The  hazards  during  takeoff  and  landing  are 
your  main  concern,  so  you  must  control  bird  activity  on  or 
near  the  airfield, 

A  given  bird  may  be  beneficial  or  injurious  to  human 
interests,  depending  on  its  activities  at  a  specific  time  and 
place.  The  term  pest  bird  refers  to  an  individual,  flock,  or 
population  causing  economic  damage  or  creating  a  health  or 
safety  hazard  by  its  activities  at  a  given  time  and  place, 
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Certain  species  may  become  involved  in  ha/.ardous  or 
damaging  situations  more  frequently  than  others  because  of 
their  behavior  patterns  or  habitat  requirements. 

Exercises  (A13): 

What  is  the  temi  for  each  of  these? 

 I .  Any  bird  that  is  causing  damage  or  creating  a 

hazard  by  its  specific  activity, 

  2.  A  danger  to  health  or  safety  caused  by  birds. 

 3.  Economic  loss  caused  by  pest  birds, 

  4,  Anything  done  deliberately  to  affect  birds. 

 5.  Bird  management  in  which  the  specific  goal 

is  to  minimize  the  potential  for  damage, 
  6,  Any  contact  between  a  bird  and  a  moving 

aircraft. 


A14.  Identify  various  anatomical  part  <  of  birds. 

Importance  of  Identification.  Because  of  differences  in 
habitat,  requirements,  and  behavior,  various  groups  and 
species  of  birds  create  different  types  of  pest  problems. 
Birds  differ  in  their  response  to  a  given  control  measure. 
An  effective  technique  for  one  species  may  be  useless  (or 
even  illegal)  for  controlling  another.  Thus,  it  is  very 
important  to  identify  the  birds  causing  the  problem  (the 
target  species)  before  beginning  any  management  or  control 
measures.  Proper  identification  of  nontarget  species  also  is 
necessary  to  evaluate  the  potential  for  undesirable 
consequences  of  a  bird  control  measure. 

Bird  Topography.  The  body  of  a  bird  can  be  divided 
into  logical  sections;  head,  trunk,  wings,  and  tail.  Each  of 
these  sections  has  several  parts  upon  which  we  base  its 
ideniifi  cation. 

Head.  The  hea<'l  of  a  bird  includes  the  neck,  bill, 
forehead,  crown,  nap,  lores,  chin,  and  throat.  The  dorsal 
(top)  part  of  the  head  and  neck  is  divided  into  the  forehead, 
crown,  and  nape.  The  part  between  the  base  of  the  bill  and 
an  imaginary  line  between  the  eyes  is  the  forehead.  The  top 
of  the  head  to  the  base  of  the  skull  is  the  crown.  The  nape, 
or  hindneck,  is  the  part  between  the  crown  and  the  back. 
The  sides  and  undersides  of  the  head  have  four  major 
divisions.  The  lores  are  small  areas  behind  the  base  of  the 
bill  and  anterior  to  (in  front  of)  the  eyes.  The  side  of  the 
head  from  the  base  of  the  lower  portion  of  the  bill  lo  just 
behind  the  eye  is  the  cheek.  The  chin  is  the  small  area 
between  the  forks  of  the  base  of  the  lower  half  of  the  bill, 
and  the  part  of  the  neck  below  this  area  is  the  throat.  This  is 
all  well  illustrated  in  figure  2-1 . 

The  bill  or  beak  is  often  the  mosi  notable  structure  on  a 
bird.  The  size  and  shape  of  a  bird's  bill  can  tell  you  a  great 
deal  about  the  bird,  including  the  type  of  food  it  eats  and  its 
mode  of  feeding.  Always  notice  whether  the  bill  is  long, 
short,  hooked,  curved,  wider  than  it  is  high,  or  distinctive 
in  any  other  way  (fig.  2-2).  The  shape  of  the  bill  indicates 
whether  the  bird  feeds  by  probing  (the  tubular  bills  of 


EKLC 


sandpipers),  tearing  (the  hooked  bill  of  a  hawk),  seed- 
eating  (the  strong,  conical  bills  of  many  sparrows).  On 
birds  such  as  hawks,  pigeons,  and  doves,  the  upper  part  of 
the  bill  has  a  prominent  fleshy  base  called  the  cere  (fig.  2-2) 
that  may  help  you  identify  them. 

Trunk.  The  upper  part  of  the  body  or  trunk  is  divided  into 
the  back  and  the  rump.  The  back  is  the  anterior  two-thirds 
of  the  upper  trmk.  The  rump  is  the  remaining  area, 
extending  from  the  back  to  the  base  of  the  tail.  The 
underpart  of  the  bird's  trunk  is  d'vided  into  the  breast, 
abdomen,  sides,  and  flanks.  The  sides  and  flanks  are  the 
areas  just  under  the  wings.  The  breast  is  the  anterior 
rounded  part  of  the  underside,  while  the  abdomen,  or  belly, 
is  the  flatter  part  around  and  between  the  legs  of  the  bird. 

Wings,  Although  the  wing  feathers  of  a  bird  are  divided 
into  many  groups,  only  a  few  are  used  repeatedly  in  bird 
identification.  These  include  the  primaries,  secondaries, 
speculum,  coverts,  scapulars,  and  wing  linings.  The  flight 
feathers  are  the  primary  and  secondary  feathers.  The 
primary  feathers  ore  those  longer  feathers  that  make  up  the 
end  of  the  wing  and  let  the  bird  fly  forward.  They  are 
attached  to  the  manus  (hand)  of  the  bird.  The  secondary, 
inner,  flight  feathers  are  responsible  mainly  for  lift,  acting 
with  the  forward  part  of  the  wing  much  like  an  airplane 
wing.  They  attach  to  the  ulna  (forearm)  of  the  wing.  The 
secondary  feathers  of  birds  such  as  ducks  have  a  color- 
patterned  area  known  as  the  speculum.  The  majority  of  the 
smaller  feathers  on  the  wing  arc  known  as  coverts.  Covert 
feathers  overlie  the  base  of  the  primaries  and  secondaries 
and  cover  the  rcst  of  the  wing.  The  covert  feathers  of  the 
shoulder  area  are  the  scapulars.  The  wing  lining  is  the 
covert  feathers  on  the  underside  of  the  wing.  On  the  upper 
surface  of  the  wing,  the  edges  of  the  scapulars  or  a  row  of 
coverts  is  often  tipped  with  a  color  that  is  different  from,  the 
surrounding  feathers,  appearing  ar  >yingbars  when  the  oird 
is  sitting.  A  wing  stripe  also  can  be  seen  in  some  birds  when 
the  bases  of  the  secondary  or  primjiry  feathers  arc  lighter  in 
color  than  the  tips  of  the  feathers.  Noting  the  shape  of  a 
bird's  wings  (fig,  2-3)  also  can  help  identify  a  bird  species. 

Tail.  The  tail  of  a  bird  consists  of  the  prominent  tail 
feathers  and  the  tail  coverts.  The  large  conspicuous  flight 
feathers  of  the  tail  are  used  as  a  rudder  to  steer,  and  then 
they  sprcad  to  act  as  a  brake.  Tail  shapes  vary  and  can  be 
used  as  identifying  ch.iracters  (fig.  2-3),  Some  birds  may 
have  color*td  spots  near  the  tips  of  the  outermost  tail 
feathers,  and  these  tail  spots  often  are  used  in  identification. 
The  upper  tai'  coverts  lie  above  the  base  of  the  tail  feathers 
and  arc  not  distir:gv.j'^^«i-:5  casiiy  from  the  rump.  The  under 
tail  coverts,  at  »^:se  of  the  underside  of  the  tail,  are 
known  coS'ectivel'  as  r  cris;::urTi, 

Le^s  and  feet.  Noting  the  shape,  size,  and  color  of  birds' 
legs  and  feet  can  be  useful  in  field  identification  of  some 
larger  birds.  Although  the/e  structures  -ire  sometimes  hard 
to  spot  as  field  marks  on  smaller  biros,  the  legs  and  ^eet 
help  identify  in-hand  birds.  Scale  and  webbing  patterns, 
shape  of  leg  cross  sections,  toe  placement,  and  the  shape  of 
the  nail  or  claw  are  all  important  identifying  characters. 
Often  bird  rcmains  can  be  identified  using  only  the  foot  of 
the  biru. 
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Figure  2-1 .  Topography  of  8  bird. 
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Figure  2-2.  Bird  bill  shapes. 
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WING 
SHAPES 


Rounded  Ishorll 
[red -winged  blackbird] 


----  -sSiJj^^sS^a 


Pointed 
[  swallowt  ] 


Rounded  ( narrow  | 
f  marsh  hav/k  ] 


Rounded 

(cooper's  hswk) 


TAIL 

SHAPrS 


Squaro 

(sharp -shinned  hawk 


Broad 
(rod -tailed  hawk  ) 


Rounded     I  broad | 
(red-lailed  hawk] 


Notched 
(tree  swallow] 


Pointed 
[  herring  gull  J 


Pointed  or  Wedged 
(common   grackle  ) 


Narrow 
(american  kestrel) 


1  barn  swallow ) 

CFB-022 


Figure  2-3.  Wing  and  tail  shapes. 
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Exercises  (A14): 
I .  On  figure  2-4,  label  each  topographical  feature. 


2.  What  two  feather  groups  make  up  the  flight  feathers? 


3.  What  happens  when  a  bird  spreads  its  tail  feathers? 


4.  What  mode  of  feeding  would  be  indicated  by  a  hooked 
bill? 


A15.  Associate  bird-borne  diseastj  with  their 
characteristics;  cite  economic,  hazardous,  and  other 
bird  problems. 

Health  Hazards.  Birds  are  associated  with  several 
diseases.  They  can  trnnsmit  disease  to  humans  and  animals 
by  becoming  a  reservoir  for  disease  organisms,  by 
transmitting  organisms  into  the  air  or  through  their 
droppings,  or  by  serving  as  intermediate  hosts  for  disease 
organisms.  Among  the  better  known  diseases  are 
histoplasmosis,  psittacosis,  and  encephalitis,  although 
nearly  100  diseases  are  alleged  to  have  been  transmitted  to 
man  by  birds. 

Histoplasmosis.  Histoplasmosis  is  caused  by  a  fungus, 
Histoplasma  capsulatum.  The  disease  is  worldwide  in 
distribution,  but  it  is  more  common  in  certain  geographical 
areas  such  as  the  Mississippi  River  Valley  region  and  other 
river  valleys  in  the  Eastern  and  Southeastern  United  States. 
The  disease  is  contracted  by  inhaling  the  organisms,  which 
thrive  in  soils  enriched  by  bird  droppings.  Histoplasmosis 
usually  results  in  benign  lesions  of  the  lungs  caused  by  an 
infection  which  often  shows  no  symptoms.  However,  in 
advanced  stages  the  disease  can  be  fatal.  You  should  be 
aware  of  the  increased  potential  for  the  spread  of 
histoplasmosis  that  exists  in  certain  situations.  When 
species  such  as  domestic  pigeons,  starlings,  and  house 
sparrows  roost  near  areas  where  people  work,  the  potential 
for  histoplasmosis  increases.  The  histoplasmosis  spores 
usually  are  spread  vhen  soils  enriched  by  bird  droppings 
are  disturbed.  For  example,  construction  near  active  or 
unused  bird  roosts  can  expose  workers  to  the  disease.  You 
should  give  special  attention  to  these  situations  and  include 
control  measures  in  any  pest  management  program. 

Psittacosis.  Psittacosis,  often  called  ornithosis  or  parrot 
fever,  is  caused  by  a  rickettsia  organism  called  a  bedsonia. 
The  name  ''ornithosis"  was  applied  after  the  disease  was 
found  in  many  wild  nonpsittacine  (nonparrot)  birds.  This 
disease  is  distributed  throughout  the  world  wherever  birds 
are  found.  Inhaling  dust  with  infective  panicles  from  bird 
droppings,  feathers,  bird  bodies,  and  nasal  secretions  is  a 
common  source  of  human  infection.  During  recent  years, 
researchers  have  found  that  birds,  such  as  pigeons,  often 
carry  the  disease.  Pigeons  have  been  responsible  for  a 
number  of  outbreaks  in  New  York,  Massachusetts, 
Minnesota,  and  California.  The  disease  often  has  been 
traced  to  pigeons  that  nest  or  roost  on  or  in  buildings  where 
people  work.  Wild  birds  also  can  spread  the  organism  to 
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commercially  raised  chickens,  ducks,  and  turkeys,  wliir  » 
die  quickly  after  showing  only  brief  signs  of  illness. 

Encephalitis,  lEncephalitis  is  one  of  the  most  serious 
diseases  associated  with  birds.  A  number  of  encephalitis 
viruses  are  carried  by  birds  (the  primary  hosts)  and  can  be 
spread  to  people  and  horses  by  arthropod  vectors,  mainly 
mosquitoes  and  ticks.  The  viruses  for  Western  equine 
encephalitis.  Eastern  equine  encephalitis,  St.  Louis  equine 
encephalitis,  and  several  other  encephalitides  have  been 
isolated  in  birds.  These  viruses  attack  the  central  nervous 
system,  and  the  mortality  rate  during  outbreaks  often  is 
high.  Birds  host  a  variety  of  other  diseases  that  can  be 
transmitted  to  man.  Human  infection  usually  is  caused  bv 
the  transmittal  of  the  disease  organism  by  an  arthrop<xi 
vector  or  through  inhalation  or  ingestion  of  contaminated 
air,  water,  or  food.  The  potential  for  such  diseases  is 
highest  where  large  numbers  of  birds  congregate,  roost,  or 
nest. 

Personal  hygiene.  You  must  guard  against  personal 
infection,  particularly  when  you  handle  birds  or  work  in 
areas  where  birds  have  congregated.  Always  wear  gloves 
when  you  handle  live  or  dead  birds.  When  you  work  in 
roosting  areas,  enclosed  areas,  or  any  where  bird  droppings 
are  prevalent,  wear  rubber  boots  and  gloves.  To  prevent 
infection  by  inhalation,  wear  a  protective  mask,  preferably 
a  disposable  one.  Immediately  after  the  operation,  shower 
and  wash  your  clothes  and  all  equipment  in  hot  wat^r  with  a 
strong  soap. 

Sanitary  disposal  of  birds.  If  you  must  handle  dead 
birds,  take  strict  precautions  to  keep  from  spreading 
infectious  materials.  Always  wear  gloves.  Wet  the  feathers 
of  any  dead  birds  thoroughly  with  a  detergent  disinfectant 
before  you  handle  them,  to  immobilize  lice  and  mites  and 
help  prevent  the  spread  of  airborne  infective  particles.  Place 
such  specimens  inside  plastic  bags  or  other  such  containers 
before  moving  them  to  any  other  area.  Get  rid  of  specimens 
by  incineration. 

Bird  strike  losses.  Each  year  the  dollar  loss  from 
bird/aircraft  collisions  runs  into  the  millions  of  dollars.  The 
seriousness  of  the  problem  is  indicated  further  by  the  loss  of 
lives  and  the  destruction  of  aircraft  as  a  result  of  collisions 
with  birds,  A  large  part  of  the  aircraft  loss  and  damage  is 
caused  by  birds  striking  aircraft  windscreens  or  canopies. 
Such  impacts  account  for  more  than  half  of  the  aircraft  that 
are  destroyed  by  bird  strikes  and  about  40  percent  of  all 
accidents.  You  should  note  that  about  half  of  all  birds 
strikes,  and  42  percent  of  the  bird  collisions  with  aircraft 
windscreens  and  canopies,  happen  during  takeoff  and 
landing.  Appropriate  bird  control  in  the  airdrome 
environment  can  significantly  reduce  these  incidents.  You 
must  realize  that  damage  to  aircraft  is  not  caused  only  by 
large  birds.  While  collisions  with  birds  such  as  swans, 
hawks,  and  vultures  have  caused  damage  and  loss  of 
aircraft,  collisions  and  engine  ingestions  of  much  smaller 
birds,  such  as  starlings  and  swallows,  have  also  caused 
damage  and  loss  of  aircraft  and  lives. 

Other  damage  due  to  birds.  While  bird  strikes  account 
for  most  of  the  dollar  losses  caused  by  birds,  other 
situations  also  cause  concern.  Bird  droppings  and  nesting 
materials  can  damage  equipment  and  supplies,  particularly 
around  hangers,  warehouses,  and  other  buildings.  Birds 
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also  can  damage  agricultural  crops,  trees,  and  ornamental 
shrubs.  Even  small  groups  of  birds  ean  damage  shade  trees 
by  eating  buds  during  spring.  Inside  aircraft  hangars,  birds 
enter  engine  housings  and  can  accumulate  a  considerable 
volume  of  nesting  material  within  a  matter  of  hours. 
Engines,  idle  for  repair,  are  prime  targets.  Nesting  material 
can  cause  jet  engines  to  fail  by  clogging  intakes,  and  static 
and  rotating  blades  can  be  significantly  damaged  by  nesting 
material.  Such  problems  usually  are  associated  with  house 
sparrows  and  starlings  that  enter  hangars.  Birds  that  nest  in 
buildings  or  on  equipment  also  present  fire  hazards  if  their 
nests  are  built  around  or  near  electrical  wiring  and  switch 
boxes.  Even  if  nests  are  not  in  a  situation  to  cause  fires, 
electrical  failures  can  arise  from  birds  shorting  electrical 
systems  or  from  the  corrosive  effects  of  bird  droppings  on 
wires  or  wire  insulation.  Bird  droppings  in  buildings  are  not 
only  unpleasant  but  can  result  in  substantial  economic  loss. 
Bird  droppings  corrode  many  metals  and  can  cause  serious 
damage  if  they  fall  into  dismantled  engines  or  build  up  on 
other  equipment.  In  warehouses  and  other  storage 
buildings,  bird  droppings  on  supplies  often  render  them 
unusable  or  result  in  costly  cleanup. 

You  must  consider  loutine  control  of  pest  species, 
particularly  pigeons,  starlings  and  house  sparrows  as 
necessary  to  reduce  hazards  and  prevent  damage.  These 
species  should  be  eliminated  to  the  greatest  extent  possible 
in  the  airdrome  environment. 

Exercises  (Al5): 

1,  To  which  diseases  does   each   statement  refer — 
histo.     »nosis,  psittacosis,  or  encephalitis? 

  (1)  Distribution  is  very  com:  ion  in  river 

valleys  of  the  southeastern  part  of  the 
U.S. 

  (2)  Attacks  the  central  nervous  system  and 

has  a  high  mortality  rate. 
 (3)  Has  been  traced  to  pigeons  that  occupy 

or  roost  on  buildings. 
  (4)  Birds  are  the  primary  host  of  this 

arthropod-borne  disease. 

  (5)  This  is  a  fungal  disease. 

  (6)  This  is  found  primarily  in  soil  enriched 

by  bird  droppings. 


2,  What  disease  is  caused  by  a  rickettsia  called  a 
Bedsonial 


3.  What  keeps  you  from  inhaling  infection  when  you 
must  work  around  bird  droppings? 


4.  How  should  you  get  rid  of  dead  bird  specimens? 


5.  What  two  otiier  factors  are  even  more  serious  than  tlie 
dollar  loss  From  bird/aircraft  collisions? 


6.   Around  hangars,  what  are  considered  prime  targets  for 
birds  to  build  nes.s? 


7,  What  two  small  birds  create  special  problems  in 
aircraft  hangars? 


A16.  Verify  or  correct  statements  about  bird  habits  that 
conflict  with  people  and  about  feeding  habits  of  various 
birds. 

Behavioral  Habits  of  Birds.  Birds  have  many 
behavioral  characteristics  that  make  their  control  different 
from  that  for  other  pests.  In  this  lesson,  you'll  learn  about 
some  of  these  behavioral  characteristics  and  patterns  that 
are  important  to  you. 

Bird  habitat.  Each  bird  species  has  habitat  requirements 
that  determine  where  it  will  nest,  roost,  and  feed.  Pest  bird 
problems  often  result  from  environmental  situations  that 
produce  attractive  habitats  for  I^rge  bird  populations  of  a 
single  species  (a  building  with  abundant  roosting  area  for 
pigeons),  or  habitat  that  attracts  large  bird  populations  of 
different  species  (carelessly  harvested  grain  crops  attracting 
large  flocks  of  blackbirds  and  starlings).  Marshes,  pine 
plantations,  grarslands,  and  wooded  areas  are  examples  of 
natural  habitats.  Buildings  with  accessible  girders,  short 
grass  on  an  airfield,  and  ornamental  trees  planted  close 
together  are  examples  of  manmade  habitats.  You  must  learn 
to  recognize  these  conditions.  The  advice  of  local  wildHfe 
authorities  or  State  and  Federal  agencies  often  can  help. 

Roosting.  A  roost  is  where  birds  congregate  at  night,  in 
bad  weather,  cr  at  other  times  when  they  are  not  feeding. 
You  usually  will  be  concerned  with  birds  that  roost  in  large 
flocks.  Gulls  that  roost  on  the  ground  during  the  day  or 
night  can  become  pest  problems,  as  can  large  flocks  of 
blackbirds,  swallows,  or  other  small  birds  that  roost  during 
the  night.  The  areas  where  birds  such  as  gulls,  ducks,  and 
geese  roost  in  daylight,  when  they  are  inactive  are  called 
loafmg  areas.  Roosting  preferences  vary  widely  from 
species  to  species.  The  roost  site  usually  provides 
protection  from  weather  and  predators.  Plantings,  such  as 
ornamental  evergreens  around  buildings,  often  provide 
shelters  and  become  roosting  sites.  Short  grass  on  the 
airfield  offers  the  birds  protection  from  predators  by 
allowing  an  unobstructed  field  of  vision.  Such  situations  are 
usually  controlled  by  proper  grounds  maintenance.  Even  if 
the  roosting  site  is  some  distance  away  from  potential  bird 
strike  hazards,  the  pathway  birds  use  to  enter  or  leave  the 
roost  may  create  a  problem.  In  such  a  case,  reducing  the 
attractiveness  of  the  roost  site  is  more  effective  than  trying 
to  alter  the  birds'  routes.  Species  that  typically  roost  on  or 
in  manmade  structures  are  of  particular  concern.  Domestic 
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pigeons,  starlings,  and  house  sparrows  find  suitable 
roosting  areas  on  ledges,  rafters,  and  other  structures  that 
give  them  protection  from  harsh  weather  and  predators. 
Since  starlings  and  house  sparrows  will  roost  or  nest  in 
aircraft  enclosures,  try  to  reduce  the  attractiveness  of  such 
roosting  areas. 

Feeding.  If  a  food  source  is  related  directly  to  bird 
control  problems,  control  of  the  food  source  may  be  easier 
and  more  effective  than  direct  control  of  the  birds.  Food  and 
feeding  habits  of  birds  vary  with  species,  sea,son,  and 
availability  of  particular  food  items.  Several  terms  describe 
birds  according  to  the  type  of  food  they  consume.  An 
insectivorous  bird,  such  as  a  swallow,  feeds  primarily  on 
insects.  Carnivorous  birds,  such  as  hawks  or  owls,  arc  meat 
eaters,  feeding  mainly  on  other  birds,  mammals,  reptiles, 
amphibians,  or  fish.  A  herbivorous  bird,  such  as  a  dove, 
feeds  on  plant  material.  A  hervibore  that  feeds  mainly  on 
seeds  and  grains  often  is  referred  to  as  granivorous.  Many 
species  are  omnivorous;  thai  is,  they  feed  on  both  plant  and 
animal  foods.  The  common  crow  and  starling  are  good 
examples  of  omnivores.  Crows  consume  fruits,  grains, 
insects,  young  birds  or  bird  eggs,  reptiles,  frogs,  small 
mammals,  carrion,  and  discarded  human  food.  The 
starling,  which  feed  on  insects,  fruits,  grains,  and  seeds, 
also  is  known  for  feeding  on  garbage  in  and  around  towns 
and  cities.  Gulls  are  also  a  well-known  omnivorous  species. 

Several  of  these  terms  may  apply  to  a  single  species, 
depending  on  time  of  year  or  food  availability.  For 
example,  during  the  nesting  season  red-winged  blackbirds 
eat  largely  insects,  while  during  the  winter  months  they  are 
granivorous.  If  weed  seed  availability  is  good,  red-winged 
blackbirds  consume  large  quantities  of  ragweed,  bristle 
grass,  panic  grass,  or  other  seeds  during  the  summer.  This 
feeding  habit  makes  these  birds  beneficial  to  farmers  during 
the  summer,  but  since  they  eat  large  amounts  of  com,  oats, 
wheat,  sunflowers,  barley,  and  rice,  they  are  also  farm 
pests. 

Some  species,  called  scavengers,  feed  on  the  remains  of 
plants  and  animals.  Carrion  eaters  such  as  vultures  are 
scavengers,  as  are  those  omnivores  that  feed  on  dead  plants 
and  animals  and  on  garbage.  Gulls  and  crows  associated 
with  garbage  dumps  and  landfills  are  scavengers  and  can 
become  serious  pests  when  the  dumps  or  landfills  are  near 
airfields. 

Feeding  flocks  or  individual  birds  may  pose  a 
bird/aircraft  strike  hazard.  Species  that  feed  on  the  ground, 
among  vegetation,  or  on  bodies  of  water  may  pose  a 
problem  as  they  move  to  and  from  a  feeding  area.  Aerial 
feeders  such  as  swallows  can  present  a  pest  bird  problem  by 
feeding  in  the  airdrome  area.  Terns,  kingfishers,  ospreys, 
and  kestrels  can  pose  a  problem  because  they  often  hunt 
their  prey  by  flying  or  hovering  over  a  feeding  area. 
Knowing  the  feeding  habits  of  birds  may  help  you  tell 
whether  a  food  source  is  the  direct  cause  of  the  problem. 
You  must  find  out  whether  pest  birds  are  feeding,  since 
controls  for  feeding  flocks  may  be  quite  different  from 
those  for  other  flocks.  Direct  observation  should  tell  you 
whether  a  bird  or  a  flock  of  birds  is  feeding,  roosting, 
loafing,  or  nesting. 

Learning.  Another  important  concept  of  bird  behavior  is 
their  ability  to  leam.  Learning  results  from  experience. 


practice,  trial,  and  error.  For  example,  a  bird  may  learn  to 
find  food  at  a  certain  location  through  experience  if  it  has 
found  food  there  in  the  past  Through  practice  or  through 
trial  and  error,  the  bird  may  even  leam  how  to  remove  food 
from  a  container  at  that  location.  Bird  species  differ  in  their 
ability  to  leam. 

Habituation,  Habituation  is  a  type  of  learning  defined  as 
the  declining  response  to  a  simple  stimulus  because  no 
reward  or  punishment  is  associated  with  the  stimulus. 
Simply,  the  bird  gets  so  accustomed  to  a  specific  condition 
that  it  no  longer  reacts  to  that  condition.  A  bird  initially 
frightened  away  by  the  presence  of  a  person  may  soon 
become  tame  if  the  presence  of  the  person  (the  stimulus) 
doesn'i  result  in  any  danger. 

Habituation  is  extremely  important  to  you  because  it  can 
affect  many  pest  control  methods.  At  first,  devices  that 
repel  birds  with  sharp,  loud  noises  are  often  quite  effective. 
The  birds  react  to  the  loud  noise  and  are  frightened  away. 
After  some  time,  however,  the  birds'  reaction  to  the  noise 
decreases  because  they  do  :iot  associate  the  noise  with  any 
punishment.  Using  repulsion  techniques  in  conjunction 
with  occasional  real  danger  (such  as  live  ammunition)  can 
keep  birds  from  becoming  habituated  to  techniques. 
Control  techniques  will  be  discussed  in  length  later  in  this 
chapter. 

Exercises  (A16): 

Indicate  each  true  statement  and  correct  any  false  ones. 

  1.  Nesting,  roosting,  and  feeding  are  determined 

within  each  bird  species  by  habitat  requirements. 


Short  grass  on  an  airfield  and  omamental  trees 
planted  close  together  are  examples  of  natural 
habitats. 


3.  You,  the  pest  manager,  usually  will  be  concerned 
with  birds  that  roost  in  small  flocks. 


4.  Roost  preferences  vary  widely  from  species  to 
species. 


5.  Short  grass  on  airfields  protects  birds  from 
predators  by  giving  them  an  unobstructed  field  of 
vision. 


6.  Species  of  birds  that  typically  roost  in  or  on 
natural  structures  are  of  particular  concem  to  you. 
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7,  Domestic  pigeons  will  roost  or  nest  in  enclosures 
of  aircraft. 


8.  Control  of  a  food  source  may  be  easier  and  more 
effective  than  direct  control  of  the  bird. 


9,  Food  and  feeding  habits  of  birds  are  the  same  with 
species,  season,  and  availability  of  food  items. 


10,  Hawks  and  owls  are  well  known  as  carnivorous 
birds. 


11,  During    the    nesting    season,    the  red-winged 
blackbirds'  diet  consists  largely  of  grains. 


12.  Some  of  the  red-winged  blackbird's  feeding  habits 
are  beneficial  to  farmers. 


13.  Feeding  flocks  of  birds  pose  no  threat  as  a 
bird/ aircraft  strike  hazard. 


14.0spreys  and  kestrels  can  pose  a  problem  because 
they  hover  over  a  feeding  area  hunting  their  prey. 


15.  All  bird  species'  ability  to  learn  it  the  same. 


16.  Habituation  is  an  increasing  response  to  a  simple 
5:tiniulus  without  punishment. 


17.  Habituation  is  extremely  important  because  it  can 
affect  pest  control  methods. 


Match  birds  to  their  identiflcation  characteristics. 

Common  Pest  Birds.  To  identify  common  pest  birds  and 
select  effective  control  measures,  carefully  note  the  basic 
descriptions  and  characteristics.  The  most  troublesome  pest 


birds  are  gulls,  pigeons  and  roek  doves,  house  sparrows, 
starlings,  and  various  types  of  blackbirds. 

Gulls,  Gulls  are  a  group  cf  large  shore  birds  with  long 
pointed  wings,  usually  vSquare  tails,  strong  hooked  bills,  and 
webbed  feet.  Many  species  are  similar  in  appearance,  and 
field  identification  requires  practice.  You  should  note 
carefully  field  marks  such  as  leg  color,  color  patterns  on 
back,  head,  and  wing  tips  and  the  size  of  the  bird  relative  to 
a  known  species, 

domestic  pigeon,.  The  Domestic  pigeon  apparently 
developed  from  the  rock  dove  of  Europe,  Asia,  and  Africa 
and  was  introduced  to  this  country  as  a  domestic  bird.  Its 
rapid  ;^rowth  gave  rise  to  the  wild  (feral)  populations.  The 
habifdt  of  the  wild  pigeons  was  rocky  cliffs,  so  the  artificial 
cliffs  created  by  buildings  are  appropriate  habitat.  Now 
pigeons  are  almost  entirely  dependent  on  the  habitat 
humans  have  built.  Domestic  pigeons  are  common  in 
towns,  cities,  farmyards,  and  other  areas.  Pigeons  of  North 
America  vary  greatly  in  color  and  even  in  size.  Various 
co!or  patterns  of  gray,  black,  white,  and  brown  are 
common.  Most  types  are  plump  birds  with  pointed  wings 
and  a  square  tail.  Pigeon  activities  frequently  conflict  with 
our  interests. 

House  sparrow.  This  particular  bird,  often  called  the 
english  sparrow,  is  not  a  true  sparrow;  it  is  a  small  weaver 
finch  introduced  from  Europe  into  N'-^th  America.  The 
house  sparrow  is  very  aggressive,  has  very  few  natural 
enemies,  and  has  found  abundant  habitat  associated  with 
buildings  and  other  manmade  structures.  Its  messy  habits 
are  objectionable,  and  this  species  has  outmaneuvered  more 
desirable  native  songbirds  for  the  available  habitat.  Adult 
males  have  a  gray  crown,  black  chin  and  upper  throat, 
light-gray  lower  breast  and  belly,  white  cheek,  and  brown 
back  and  wings.  Females  and  immature  birds  are  dull 
brown  with  a  tan  stripe  above  the  eye. 

Starling.  Starlings,  another  introduced  species,  are 
somewhat  similar  to  to  the  blackbirds  with  which  it  often 
roosts  and  flocks.  Spring  birds  have  a  bright  yellow  bill  and 
a  green  and  purple  iridescence  to  their  dark  plumage.  In  fall 
the  adult  plumage  becomes  spotted  with  white,  and  the  bill 
turns  dark  gray.  The  short  tail  and  pointed  wings  are  good 
field  marks,  especially  for  the  drab,  gray,  immature  birds. 
Because  of  the  absence  of  natural  enemies  and  other  natural 
checks,  the  starling  has  increased  rapidly.  This  adaptable 
and  aggressive  bird  has  prevailed  over  native  birds  in  the 
struggle  for  available  habitat  and  has  found  abundant 
nesting  and  roosting  sites  in  our  cities,  where  its  presence  in 
large  numbers  is  likely  to  be  objectionable.  Large 
wintering  flocks  also  are  frequent  pests  at  livestock  and 
poultry  feed  lots. 

Red-winged  blackbird.  The  adult  male  red- winged 
blackbird  is  identified  readily  by  the  bright  red  covert 
feathers  edged  in  yellow  on  a  totally  black  body.  Females 
are  brown,  heavily  streaked,  and  spotted.  Immature  males 
are  patterned  like  the  female,  although  a  trace  of  a  reddish- 
orange  wing  patch  often  is  evident. 

Common  grackle.  There  ai  -  t-  -  o\ov  phases  (purple 
and  bronzed)  of  this  species  <■  .^id.  The  long  wedge- 

shaped  tail  is  the  best  field  n...  .>r  this  black-bodied  bird 
with  a  purple,  green,  or  bronze  iridescence  to  its  plumage. 
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Females  are  less  iridescent  than  males,  and  juveniV^  birds 
are  a  uniform  dull  brown. 

Other  blackbirds.  Several  other  blackbird  species  often 
are  found  in  blackbird  flocks  or  roosts  that  present  a  pest 
situation.  You  should  be  able  to  identify  the  brown-headed 
cowbird,  rusty  blackbird,  brewer's  blackbird,  and  yellow- 
headed  blackbird,  if  they  occur  near  your  base. 

Exercises  (A17): 

Match  the  bird  in  column  B  with  the  description  in  column 
A. 

Column  A  Column  B 

  1.   Gray     crown.     black  a.  Common  zrackle. 

cheek  and  upper  throat  b.  Gull. 

(adult  male).  c.  House  sparrow. 
  2.    Long.      wedge-shaped           d.  Red-winged  blackbird. 

tail,  black  body,  purple.  e.  Rock  dove. 

grceii,  or  bronze  irides-  f.  Sartling. 

cence  to  its  plumage. 
 3.    Varies  greatly  in  color 

and  size;  various  color 

patterns  of  gray,  black, 

while,  ani?  bronze  are 

common. 
  4.    Pointed  wings,  square 

tail,  and  webbed  feel. 
  5.    Spring  birds  have  bright 

yellow  bill  and  a  green 

and  purple  iridescence. 
  6.    Females     are  brown. 

heavily   streaked,  and 

spotted. 

2-2.  Bird  Surveys 

Surveying  for  birds,  as  for  other  pests,  is  in  deciding 
when — and  if — controls  are  needed.  As  compared  with 
other  pests,  however,  bird  surveys  take  on  an  added 
importance.  Since  many  are  protected  by  law,  and  the 
public  generally  holds  birds  in  high  esteem,  you  want  a 
strong  survey  record  to  justify  any  conirol  measures  you 
lake, 

A18.  Cite  general  principles  of  pest  and  hazardous  bird 
surveys. 

Surveying  a  Bird  Management  Problem.  Before  any 
bird  problem  can  be  controlled  effectively  and  efficiently,  it 
must  first  be  identified  and  evaluated.  For  many  types  of 
pest  bird  piv;blems,  it's  important  to  begin  a  control 
program  while  the  problem  is  just  beginning  to  develop  or 
even  before  it  begins.  You  should  inspect  the  entire  airbase 
at  least  once  a  month  throughout  the  year.  During  spring 
and  fall,  when  birds  are  migrating  through  the  area,  daily 
spot  checks  are  needed  in  addition  to  the  monthly 
inspections.  For  an  effective  survey,  you  must  establish 
certain  objectives  to  guide  you. 

Bird  species  identification.  A  primary  objective  of  the 
survey  is  to  identify  the  bird  species  that  might  pose  damage 
problems  or  strike  hazards.  Some  species  or  species  groups 
(such  as  gulls  and  blackbirds)  are  more  likely  to  become 
involved  in  pest  situations  than  others  and  different  birds 
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will  visit  a  given  locality  at  different  times  of  the  year. 
During  periodic  surveys  you  should  watch  for  the  arrival  of 
problem  birds  and  to  be  ready  to  begin  a  control  program 
before  the  birds  establish  a  pattern  for  the  season. 

Existence  of  bird  problems.  The  second  objective  of  the 
survey  is  to  find  out  whether  there  is  a  problem.  The 
presence  of  birds,  even  in  large  numbers,  is  not  a  problem 
unless  the  birds  are  creating  a  strike  hazard,  a  health 
hazard,  or  causmg  damage  to  buildings  or  equipment.  If 
you  find  a  problem,  you  must  decide  whether  an  active 
management  program  will  help.  During  migration,  the 
birds  may  soon  leave  on  their  own.  In  other  cases,  the 
expense  of  a  management  program  might  exceed  the  cost  of 
the  damage  that  would  result  if  nothing  were  done. 

Identification  of  bird  behavior  patterns.  Another 
objective  of  the  survey  is  to  identify  the  specific  behavior 
patterns  that  are  causing  the  damage  or  hazard.  Find  out 
what  the  birds  are  doing,  where  they  are  doing  it,  and  when 
they  are  doing  it.  For  example:  Are  birds  a  problem  because 
they  feed  neai'  the  runway,  try  to  nest  in  aircraft,  or  roost 
near  a  housing  area?  These  examples  of  bird  behavior  may 
cause  problems  because  of  where  they  happen,  1  he  time  of 
day  and  time  of  year  also  can  be  imf>ortant  factors  in  the 
behavior  patterns  you  must  identify  during  the  surveys. 
When  are  the  birds  doing  the  feeding,  nesting,  or  roosting 
that  cause  the  problem? 

Relationships  between  birds  and  the  airdrome 
environment.  Another  objective  of  your  survey  is  to 
analyze  the  relationship  between  the  birds  and  the  airdrome 
environment,  looking  for  the  specific  attraction  that's 
bringing  the  birds.  Birds,  in  general,  need  four  things:  food, 
water,  a  place  to  nest,  and  a  place  to  escape  their  enemies  or 
avoid  harsh  weather.  Your  periodic  survey  should  tell  you 
which  of  these  four  things  is  attracting  the  problem  birds. 
More  than  one  factor  may  be  important  to  any  situation,  but 
quite  often  one  is  the  key;  if  you  get  rid  of  it  by  habitat 
manipulation,  the  pest  problem  will  be  solved. 

Survey  Checklist.  Along  with  conducting  surveys,  you 
need  to  devise  a  checklist  for  historical  data  on  pests  and 
hazardous  bird  species  on  your  base.  In  addition  to  helping 
you  identify  and  evaluate  a  pest  problem  and  decide 
whether  you  need  active  control,  these  checklists  document 
the  inspection.  Save  them  for  reference  when  future  pest 
problems  arise  or  when  the  same  problem  recurs.  Pest 
problems  change  with  time,  so  it  is  very  important  to  fill  out 
the  date,  the  time  of  day,  and  the  weather  conditions.  Your 
checklist  should  cover  about  a  dozen  major  areas. 

Types  of  habitat.  First,  list  the  different  types  of  habitat 
present  on  your  base  (obviously,  habitats  will  vary  from 
base  to  base).  Second,  during  spot  checks,  this  item  lets  you 
checic  the  specific  areas  you  inspected. 

Inspecting  building  features  for  evidence  of  pest  birds. 
List  building  features  (all  types  of  ledges,  ventilators, 
beams,  rafters,  etc.)  that  pigeons,  starlings  or  house 
sparrows  like  to  use  for  roosting  or  nesting.  For  each 
feature,  you  can  indicate  the  species  and  number  of  birds, 
bird  droppings,  nest  material  you  find  during  inspections  of 
housing  areas,  hangars,  and  other  buildings.  Try  to  sketch 
the  situation  as  well  as  describe  it  in  words. 

Other  pest  bird  problem  evidence.  This  item  is  used  to 
document  evidence  of  other  types  of  potential  damage  or 
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hazards  such  as  reports  or  complaints,  birds  loafing  or 
feeding  on  or  near  runways,  and  birds  crossing  the 
flightpath  of  aircraft.  You  personally  should  investigate 
complaints  before  beginning  a  control  program. 

Summary  of  birds  observed.  Here  you  should  record  the 
species,  numbers,  location,  and  activity  of  birds  you  see 
during  the  inspection.  Remember  that  you  need  a  Federal 
permit  before  you  start  a  ccntro^  program  that  might  affect 
any  protected  bird  sj>ecies.  You  can  supplement  your  report 
with  a  map  of  the  airbase  and  surrounding  area,  showing  the 
locations  of  bird  concentrations,  attractive  habitat  features, 
and  bird  movement  patterns  (fig.  2-5). 

Economic  damage  and  health  or  safety  hazard.  This 
item  requires  careful  analysis  of  the  situation.  Is  damage 
being  caused  that  will  cost  money  to  repair,  or  is  it  just  a 
nuisance  situation?  Are  the  birds  a  hazard  to  aircraft  or 
people? 

Attraction  of  problem  birds.  Check  for  ecological  factors 
that  attract  the  birds  to  the  place  where  they  are  a  problem. 
This  takes  careful  field  observation;  don't  jump  to 
conclusions. 

Length  of  bird  problem.  Record  how  long  the  problem 
has  existed.  Check  the  lists  from  earlier  inspections  and  ask 
people  who  have  been  working  in  the  area. 

Season(s)  when  problems  exist.  Record  the  season  or 
seasons  of  the  year.  Again  people  and  previous  inspection 
records  will  help  you. 

Resident  or  transient  birds.  If  you  don't  know  whether 
the  birds  are  resident  or  transient  State  or  U.S.  Fish  and 
Wildlife  Service  biologists  will  identify  the  species,  then 
tell  you  whether  the  birds  are  residents  or  just  passing 
through.  This  answer  will  help  determine  the  need  for 
active  management  program. 

Time  frame  of  bird  'problem.  The  time  of  a  problem 
helps  you  decide  whether  a  strike  hazard  can  be  avoided  by 
careful  mission  scheduling.  Use  a  graph  with  bird  numbers 
plotted  against  time  of  day. 

Active  management  needs.  You  need  to  find  out  whether 
the  situation  warrants  the  time  and  expense  of  an  active 
management  program.  What  would  happ-^n  if  you  took  no 
action?  Take  all  available  evidence  and  p  experience  into 
account,  and  don't  jump  to  conclusions.  l!  j  ou  are  not  sure, 
say  so,  and  collect  more  information. 

Exercises  (A18): 

1.  For  the  many  types  of  pest  bird  problems,  when  is  it 
most  appropriate  to  start  a  control  program? 

2.  How  can  you  anticipate  the  arrival  of  problem  birds? 


3.  Briefly,  what  is  our  concern  with  bird  behavior 
patterns? 


4,  What  four  factors  usually  attract  birds  to  the  airdrome, 
and  how  can  we  best  solve  the  problem? 


5.  Why  is  a  survey  checklist  essential  in  relationship  to 
bird  problems? 


2-3.  Bird  Management  Categories  and  Techniques 

This  section  covers  bird  management  techniques  for 
hazardous  and  p>est  birds,  but  you  should  choose  the  control 
measures  only  after  you've  fully  surveyed  the  situation.  By 
doing  this,  you  can  develop  the  most  effective  control 
program  possible  and  also  avoid  the  public  reactions  that 
could  result  if  your  pmgram  isn't  properly  develop>ed. 
Damage  and  hazard  controls  techniques  fall  into  five 
general  categories:  altering  the  concept,  altering  the 
situation,  exclusion,  repulsion,  and  removal  or  reduction. 
For  each  specific  bird  problem,  you  should  think  through 
these  five  categories  in  turn,  with  an  awareness  of  the 
variety  of  techniques  available  in  each  category.  Each 
successive  approach  should  be  rejected  only  if  there  is  no 
acceptable  technique  likely  to  be  successful  within  that 
approach  for  the  specific  problem  at  hand.  Table  2-1  lists 
active  management  techniques  for  some  common  damage 
and  hazard  situations.  Let's  look  rather  briefly  at  the  first 
three  control  categories  in  this  objective,  then  devote 
separate  objectives  to  the  last  two  categories, 

A19.  Cite  ways  we  control  birds  by  altering  the  concept, 
altering  the  situation,  and  excluding  birds. 

Altering  the  Concept.  Altering  the  concept  involves 
making  a  complete  assessment  of  the  situation  at  hand  and 
deciding  whether  active  management  is  really  needed.  The 
birds  may  merely  be  a  nuisance  or  a  transient  problem 
caused  by  migration,  with  no  active  management  program 
required.  The  cost  of  a  management  program  also  might 
exceed  that  of  the  damage  being  caused.  Suspected  bird 
damage  situations  should  always  be  evaluated  carefully.  If 
thorough  inspection  reveals  no  economic  damage,  health 
hazard,  or  safety  hazard,  take  no  action.  For  example, 
someone  may  report  large  numbers  of  birds  at  a  certain 
locality.  If  you  find  that  their  presence  doesn't  conflict  with 
mission  activities,  don't  try  to  control  them.  Not  all  birds 
around  buildings  are  pests,  and  birds  some  people  consider 
pests,  others  consider  desirable. 

Altering  the  Situation.  Altering  the  situation  involves 
either  changing  mission  oi>erations  to  avoid  conflicts  with 
birds  or  modifying  the  habitat  by  eliminating  or  reducing 
food,  water,  roost  or  nest  sites,  and  perches  near  the  airfield 
(the  most  permanent  solution  to  many  bird  problems). 
Changing  mission  activities  applies  to  many  situations  of  a 
temporary  nature  (such  as  migratory  birds).  After 
evaluating  the  potential  hazard  in  the  particular  situation, 
responsible  individuals  (at  Base  Operations,  for  example) 
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TABLE  2-1 

GUIDE  TO  ACTIVE  BIRD  MANAGEMENT  TECHNIQUES 


Sprcin 


House 

Sparrovbv 


Starlings 


Starlings 


Gulls 


Otncr 
water 
birds 


Siiusiion 

Around 
butldtngs 


Roosting  in 
or  on 
buddings 


Nesting 
around 
buildings 


Feeding 
on  or 
near 
airfield 


Creating 
strike 

hazard  near 
airfield 


Potrnlial  Confrul 
Mei%urf«  (in  iht  ordrr 
to  be  considered) 

Design  and  consliuction 
Screening  or  netting 
Sharp  projecionv 
Sticky  repellents 
Water  hoses 
Avitfol 
l*igeon  trap 
Shooting 

Design  and  construction 
Screening  and  netting 
Sharp  projections 
Sticky  repellents 
Water  hoses 
A  vitrol 

Modified  Australian  crovw  trap 
Commercial  live  trap 
Nest-box  trap 

Design  and  construction 
Screening  or  netting 
Sharp  projections 
Siicky  repellents 
O istress.' alarm  calls 
Electronically  produced 

noises 
Bird  bombs 

Design  and  construction 
Screening  or  netting 
Sharp  projections 
Sticky  repellents 
Nest-box  trap 

Elimination  of  food  source 
Distress/alarm  calls 
Electronically  produced 
noises 

Airbursts  or  scare  cartridges. 

bird  bombs 
Automatic  exploders 

Elimination  of  water  source 
El\mvr\alion  of  food  source 
Netting  or  wire 
Airbursts,  scare  cartridges, 

bird  bombs 
Automatic  exploders 
Rope  firecrackers 
Shooting  (waterfowl  hunting) 


Specie! 

Birds 
of  prey 


Other 
land 
birds 


Starlings 


Situation 

Creating 
strike 

hazard  near 
airfield 


Creating 
strike 

hazard  near 
airfiehf 

Feeding 
situations 


Blackbirds 
and/ or 
Starlings 


Roosting 
in  trees 


Gulls 


Loafing 
on 

airfields 


Potential  Control 
Measures  (In  ihe  order 
to  be  considered) 

Elimination  of  food  source 
Elimination  of  nesting, 

roosting,  or  perching  sites 
Sharp  projections 
Sticky  repellents 
Raptor  traps 

Elimirvation  of  food  source 
Elimination  of  nesting, 
roosting,  or  perching  sites 


.unation  of  food  source 
i>istrcss '  alarm  calls 


Airburstf,  scare  cartridges, 

bird  bomb* 
Automatic  exploders 
Rope  firecrackers 
Avitrol 

Mc>dif»cd  Australian  crow  trap 
Commercial  live  traps 
Starlicide 

Elimination  of  roosting  sites 
Distress/alarm  calls 


Airbursts.  scare  cartridges, 

bird  bombs 
Automatic  exploders 
Sticky  repellents 
Wetting  agents 

Elimination  of  roosting  sites 
Elimination  of  food  sources 
Elimiaation  of  water  sources 
Distress '  alarm  calls 


Airbi        or  scare  cartridges. 

bi  ,•  v^ombs 
Automatic  exploders 


•Alteringthe  concept  and  usingadvoidance  measures,  which  are  not  listed,  should  be  considered  (if  applicable)  prior  to  -n  active 
bird  management  program 
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can  select  the  type  of  changes  in  mission  activities  that  may 
solve  a  particular  problem.  Two  or  more  specific 
recommendations  may  be  combined,  depending  on  the 
severity  of  the  problem  at  hand.  You  should  go  over  the 
conflicting  circumstances  with  the  base  flight  safety  officer, 
who  can  recommend  the  changes  to  the  appropriate 
oiganization.  Providing  pilots  information  on  birds  is  one 
way  to  alter  the  situation  by  changing  mission  activities. 
Pilots  can  be  alerted  to  hazardous  bird  areas  by  posting 
information  in  Base  Operations  and  by  communication 
from  the  tower.  Pilots  can  be  told  the  numbers,  location, 
and  altitude  of  birds  the  same  way  they're  told  of  severe 
weather  conditions.  Some  changes  that  have  been 
recommended  by  the  Air  Force  Engineering  and  Services 
Center's  Environmental  Planning  Directorate  include 
restricting  the  use  of  certain  runways,  allowing  only  full- 
stop  landings,  avoiding  long  final  approaches,  reducing 
approach  and  climb-out  speeds,  restricting  formation 
rejoins  on  departure,  and  raising  radar  vectoring  altitudes. 
A  base  Bird  Hazard  Working  Group  (BHWG)  is  made  up  of 
members  from  Flying  Safety,  Director  of  Operations,  Flight 
Facilities,  Base  Operations,  and  Civil  Engineering.  Ideally 
it  is  a  subcommittee  of  an  existing  group  such  as  the  Air 
Traffic  Control  Board  or  the  Safety  Council.  The  group 
should  review  local  flying  to  find  what  modifications  are 
needed  to  reduce  bird  hazards  and  make  pilots  more  aware 
of  the  hazards.  Your  shop  and  the  BHWG  should  work 
together  to  eliminate  food  and  water  sources;  to  eliminate 
nesting,  roosting,  and  perching  sites;  and  to  exclude  birds. 

Eliminating  food  sources.  In  many  cases  food  is  the 
major  attraction  for  birds,  and  removing  the  food  source 
will  result  in  fewer  birds  in  the  area.  Here  are  some  typical 
food  sources  and  ways  to  eliminate  them.  Exposed  garbage 
at  landfills  attracts  scavengers  such  as  gulls,  crows,  and 
starlings.  If  a  landfill  is  properly  operated,  with  refuse 
being  continuously  covered  with  soil,  large  numbers  of 
birds  won't  be  attracted.  You  can  encourage  proper  landfill 
operations.  If  necessary,  landfills  causing  serious  bird  strike 
hazards  should  be  closed  and  the  refuse  covered 
permanently.  Garbage  around  buildings  should  be 
eliminated  or  kept  in  covered  containers  to  preclude 
attracting  pest  birds  such  as  starlings  and  pigeons. 

Weed  seeds  in  grassy  areas  attract  many  birds  such  as 
mourning  doves  and  homed  larks.  The  amount  of  weed 
seeds  produced  can  be  reduced  by  mowing  or  by  regular 
herbicidal  applications.  For  areas  that  can't  be  mowed, 
controlled  burning  may  be  an  alternative.  Safe  burning 
takes  predictable  weather  conditions  and  considerable  skill; 
burning  should  be  done  only  by  experienced  personnel. 

Insects  in  grassy  areas  attract  many  types  of  birds 
including  cattle  egrets  and  meadowlarks.  Timing  the 
mowing  to  avoid  exposing  insects  during  heavy  runway  use 
may  keep  insect  populations  in  check  without  creating  a 
strike  hazard.  The  mowing  may  have  to  be  done  at  night  or 
on  weekends.  If  necessary,  insects  can  be  controlled  by 
spraying. 

Earthworms  attract  birds  such  as  american  robins  to 
short-grass  areas.  After  a  rain,  scavengers  such  as  gulls  may 
be  attracted  to  runways  to  feed  on  earthworms.  Runways 
can  be  swept  clean  of  earthworms  with  runway  sweepers. 
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Fvoden'.  populations  in  grassy  areas  may  attract  raptors 
(hawks  and  owls).  Keeping  the  grasi,  mowed  short  will 
eliminate  the  rodent  habitat  and,  in  turn,  reduce  the  food 
source  that  attracts  the  raptors.  A  grass  height  of  8-12 
inches  will  to  discourage  birds  that  prefer  shorter  grass  for 
roosting  without  attracting  large  numbers  of  rodents  and 
birds  that  prefer  taller  grass. 

Carrion-eating  birds  (such  as  vultures,  crows,  and  gulls) 
may  be  attracted  by  dead  animals  on  the  airfield.  This  food 
source  can  be  reduced  by  frequent  inspections,  removal, 
and  proper  disposal  of  the  carcasses. 

Fruit  and  berries  from  trees,  shrubs,  and  vines  (including 
ornamentals)  may  attract  birds  such  as  swallows,  warblers, 
or  starlings.  This  food  source  can  be  eliminated  entirely  by 
removing  the  fruit-bearing  vegetation.  With  ornamental 
plantings,  it  may  be  preferable  to  exclude  the  birds  by 
netting  during  the  fruiting  time.  Plant  growth  inhibitors 
may  be  used  before  fruiting  to  reduce  food  supply. 

Agricultural  land  near  an  airfield  can  create  a  bird  strike 
hazard  by  attracting  large  numbers  of  birds  to  a  food  source . 
For  example,  flocks  of  blackbirds  may  be  attracted  by  grain 
crops  or  by  grain  wasted  at  harvest.  Plowing  or  mowing 
exposes  worms,  grubs,  and  flying  insects  that  attract  birds. 
Such  problems  may  be  beyond  your  immediate  control,  but 
if  the  land  is  Government  owned,  the  problem  may  be 
solved  by  not  leasing  for  agriculture  or  by  stipulating  in  the 
lease  agreement  that  grain  crops  not  be  grown.  Local 
farmers  can  be  encouraged  to  plow  the  fields  after  harvest  to 
reduce  the  amount  of  waste  grain  available. 

Eliminating  water  sources.  If  birds  are  attracted  by  a 
source  of  water,  removing  that  source  will  result  in  fewer 
birds  in  the  area.  Low  areas  or  clogged  drainage  ditches 
may  collect  water,  attracting  waterfowl,  gulls,  or  smaller 
shore  birds.  Eliminating  such  temporary  water  sources  will 
reduce  the  attractiveness  of  the  area  to  birds.  You  can  get 
rid  of  the  water  by  installing  covered  tile  drains  or  by  filling 
and  regrading.  Replace  drainage  ditches  with  buried 
drainpipe.  Unclog  all  ditches,  drains,  and  culverts  and  clear 
open  drainage  ditches  at  regular  intervals.  If  permanent 
ponds  create  a  strike  hazard,  draining  and  filling  may  be 
necessary. 

Eliminating  water  sources  solves  the  problem 
permanently  at  its  origin  if  you  follow  periodic  maintenance 
of  drainage  systems.  Breeding  areas  for  mosquitoes  and 
other  insects  are  also  eliminated  by  removing  water 
sources.  Major  filling  and  installation  of  drainage  pipes  and 
culverts  are  costly.  Draining  and  filling  permanent  f>onds  is 
impractical,  unless  there's  a  very  serious  bird  strike 
potential.  Ponds,  streams,  marshes,  and  swamps  often  are 
strictly  regulated  by  law.  You  may  need  local  and  State 
permits  before  you  alter  or  eliminate  them. 

Eliminating  nestings  roosting^  and  perching  sites.  If 
birds  are  attracted  by  the  vegetation  cover  (or  the  openness) 
of  an  area  reducing  the  cover  will  reduce  the  number  of 
birds.  Sometimes  removing  favored  perches  will 
discourage  birds.  Crows,  starlings,  and  blackbirds  that 
roost  in  trees  often  can  be  discouraged  from  using  the 
roosting  site  by  topping  or  thinning  (pruning)  the  trees.  A. 
sparse  tree  canopy  gives  fewer  perching  sites  and  little 
protection.  Remove  more  branches  than  you  normally 
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would  remove  in  residential  pruning.  Where  birds  roost  in 
tall  trees,  topping  the  trees  to  20-30  feet  may  be  effective. 
A  more  drastic  measure  would  be  the  complete  or  nearly 
complete  removal  of  the  trees.  You  can  discourage  birds 
that  roost  in  tall  reeds  (blackbirds  or  swallows)  or  birds 
(meadowlarks)  that  roost  or  nest  in  tall  grass  by  cutting  or 
mowing  the  plants  shorter.  For  areas  that  can't  be  mowed, 
controlled  burning  may  be  an  alternative.  If  gulls  loaf  in 
open  areas  of  short  grass,  they  can  be  discouraged  by  letting 
the  grass  grow  tall  enough  to  obstruct  their  vision  and  make 
it  hard  for  them  to  spread  their  wings  freely.  Removing 
dead  snags  where  hawks  frequently  perch  may  discourage 
the  hawks.  You  must  recognize  that  removing  or  thinning 
vegetation  may  just  make  the  bird  lOve  to  nearby  sites.  As 
with  other  methods  of  habitat  manipulation,  some  of  these 
controls  can  be  costly  in  terms  of  labor  requirements.  As  we 
said  about  water,  habitat  modification  that  may  disturb  or 
harass  protected  species  will  require  appropriate  permits. 
Since  active  raptor  nests  are  protected  by  Federal  law,  you 
can't  cut  their  trees  without  a  permit.  Controlled  burning 
also  requires  appropriate  permits. 

Exclusion.  Exclusion  keeps  birds  from  gaining  physical 
access  to  an  area  where  they  can  cause  a  problem,  such  as 
roosting  or  nesting  in  buildings.  Some  exclusion  techniques 
are  habitat  modification.  Exclusion  is  most  effective  when 
it  is  part  of  the  design  and  construction  of  new  structures, 
but  there  are  ways  to  exclude  birds  from  existing  structures. 
Design  modiJiccUions.  Structural  design  often  is 
responsible  for  attracting  domestic  pigeons,  starlings,  and 
house  sparrows.  Unfortunately,  you  may  not  have  a  chance 
to  comment  on  structural  design  during  the  planning  stages, 
but  design  modifications  or  more  construction  may  modify 
the  features  that  attract  roosting  or  nesting  birds.  You  can 
box  open  eaves  of  a  building  and  seal  cracks  or  crevices  thai 
attract  starlings  or  house  sparrows.  The  building  materials 
you  need  depend  on  the  design  modifications.  ards, 
bricks,  mortar,  or  sheet  metal  are  often  appropriate,  and 
screening  is  an  alternative.  Look  for  accumulations  of  bird 
droppings,  protruding  nest  materials,  or  watch  the  birds 
with  field  glasses  to  keep  from  scaring  them  away  from 
their  nesting  cavities.  When  you  know  the  problem  areas, 
choose  the  appropriate  building  material,  remove  nests,  and 
seal  off  the  opening. 

Eliminate  ledges  used  as  perches  by  installing  angled 
board,  a  piece  of  sheet  metal,  or  a  row  of  bricks.  Design 
modification  can  be  a  permanent  method  of  pest  bird 
exclusion,  and  if  it's  not  done  during  nesting,  it  is  not  likely 
to  cause  an  adverse  public  reaction.  This  makes  it  a  s<  .ally 
acceptable  way  to  keep  protected  species,  such  as  robins  or 
swallows,  from  nesting  on  structures  in  the  future. 

Screens,  nets,  or  wires.  Exclusion  by  screens,  nets,  or 
wires  consists  of  installing  materials  that  will  prevent  the 
physical  access  of  birds  to  areas  where  they  roost,  nest,  or 
feed.  Screening  or  netting  frequendy  is  used  to  keep 
pigeons,  starlings,  or  house  sparrows  from  roosting  or 
nesting  in  or  on  buildings  or  other  structures.  Ventilation 
holes  and  chimneys  can  be  covered  with  scree  ng.  Netting 
or  crisscrossed  wire  can  seat  off  drainage  ditches  or  other 
water  areas  that  attract  water  fowl,  gulls,  or  other  birds. 
Screening  can  exclude  starlings  and  gulls  from  filter  beds 
and  settling  tanks  of  sewage  treatment  facilities. 


Pigeons  and  starlings  sometimes  can  be  discouraged  from 
hangars  or  warehouses  by  suspending  netting  from  the  top 
of  the  large  doorways.  The  birds  may  be  reluctant  to  fly  low 
enough  to  enter  under  the  netting.  This  technique  is  not 
effective  against  house  sparrows,  nor  has  it  been 
scientifically  tested,  so  the  maximum  ground  clearance  that 
will  be  effective  and  the  probability  of  success  are 
unknown.  Netting  also  is  used  in  agricultural  situations  to 
protect  fruit  crops,  vines,  shrubs,  or  ornamental  trees.  In 
relatively  small  areas,  use  I/2-inch  mesh  screening.  To 
enclose  larger  areas,  such  as  an  aircraft  hangar 
superstructure,  or  to  partially  screen  large  doorways,  use 
nylon  or  polyethylene  netting.  Several  materials  can  be 
used  to  cover  fruit  trees  or  vines,  including  acrylic  fiber 
webbing  and  plastic  netting. 

To  control  pigeons,  starlings,  and  house  sparrows  in 
aircraft  hangars,  clean  the  hangar  with  high-pressure  water. 
Use  deicing  booms  to  wash  down  griders  and  remove  nests. 
Turn  off  all  electrical  power  to  the  building  to  eliminate  the 
shock  hazard.  Scrape  dropings  from  beams  accumulated 
before  you  wash  them,  then  spray  with  disinfectant  where 
you  remove  nests.  Wash  hangar  floors  and  treat  them  with 
disinfectant.  Incinerate  all  removed  nests  and  dead  birds. 
Replace  torn  out  insulation.  Be  sure  the  screening  does  not 
touch  (tie  insulation,  or  birds  will  pull  insulation  fibers 
through  the  mesh.  Screen  off  all  nesting  and  resting  areas, 
such  as  edges  of  runs,  ducts,  and  conduit  races,  spaces 
between  the  wall  and  utility  runs,  and  around  heating  units. 
Suspend  netting  as  required  to  enclose  larger  areas. 

NOTE:  If  you  think  this  sounds  challenging,  you're  quite 
right.  If  you're  planning  to  do  this  to  any  hangars  or  other 
areas,  first  contact  your  Command  Pest  Management 
professional  or  the  Environmental  Planning  Directorate  of 
the  Air  Force  Engineering  and  Services  Center. 

Crisscrossing  wire  across  water  bodies  takes  at  least  10- 
gauge  wire  to  minimize  the  potential  for  injury  to  birds. 
Nylon  monofilament  lines  of  50-  to  100-pound  test  can  be 
substituted  for  wire.  Place  posts  about  6  feet  apart  on  each 
side  of  the  body  of  water,  alternating  their  positions  with 
those  on  the  opposite  site,  and  string  the  wire  in  a  zigzag 
pattern  about  12  to  18  inches  above  the  waterline.  This 
technique  is  effective  against  large  birds  only.  If  it's 
installed  right,  screening  or  netting  is  a  permanent  solution 
to  a  pest  bird  problem,  although  it  takes  periodic  inspection 
and  maintenance.  Exclusion  of  birds  is  socially  acceptable 
and  should  not  cause  a  public  relations  problem.  Netting 
and  screening  are  appropriate  ways  to  exclude  protected 
species. 

Sharp  projections.  S.narp  ;       .  wires,  or  spikes 

can  be  used  as  barriers  and  repellents  to  perching  birds  on 
building  ledges  or  other  surfaces  (fig.  2-6).  Usually 
installed  to  discourage  pigeons,  starlings,  and  house 
sparrows  from  structures,  sharp  spikes  also  have  been  used 
to  keep  raptors  from  perching  on  runway  marker  lights. 
Tnese  devices  aie  available  in  strip  form  and  are  attached 
with  clips,  fasteners,  wire  ties,  or  adhesive.  Different 
designs  are  available  for  large  birds,  such  as  gulls  or 
pigeons,  and  for  smaller  birds,  such  as  Starlings  or  house 
sparrows.  This  material  can  be  installed  on  ledges,  rafters, 
window  sills,  or  other  locations  where  birds  might  roost, 
loaf,  or  nest.  Wide  surfaces  may  require  two  or  more 
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Figure  2-6.  Application  of  sharp  projections. 


parallel  rows  of  the  material.  You'll  get  instructions  on 
adhesives,  or  fasteners,  and  spacing  with  the  material.  Find 
the  appropriate  locations  for  this  material  by  watching  birds 
directly  or  by  noting  heavy  concentrations  of  droppings. 
Sharp  projections  are  effective  and  permanent  on  ledges, 
rafters,  and  other  structures,  but  obviously  they  mustn't  be 
used  in  accessible  areas  where  a  safety  hazard  might  result. 

Exercises  (A  19): 

1 .  When  may  you  decide  that  no  action  is  needed? 


2.   W^at     ^hc  most  permanent  solution  to  many  pest  bird 
P'  hlems  -  ♦!  a  field'^? 


3,     •  ,.,4.  .11..         viv>  oetore  you  cut  trees  thai  have  active 
raptor  nests? 


4.  Which  type  of  exclusion  technique  will  keep  water 
fowl  from  drainage  ditches  and  other  water  areas? 


5.   Which  exclusion  method  is  used  to  keep  raptors  from 
perching  on  runway  lights? 


A20.  Cite  repulsion  methods  for  bird  management 
programs. 

Repulsion.  Repulsion  is  simply  scaring  birds  away. 
Many  devices  and  techniques  have  been  designed  to  repel 
birds.  Techniques  used  for  birds  on  airfields  usually  are 
visual  (sight),  tactile  (touch),  and  auditory  (hearing).  For 
our  purpose  here  we  will  concentrate  on  the  auditory 
repulsion  technique.  I  luditory  repulsion  (the  type  most 
commonly  used  :o  jvent  strike  hazards),  the  keys  to 
su. .  ^  ^^  v.  •  diver    .  .:iu  Hrensi 

RetotKicd  distress/ aiarm  calls.  This  bioacoustic 
technique  consists  of  using  a  loudspeaker  and  cassette  tape 
player  to  broadcast  a  recording  of  actual  bird  distress  or 
alarm  calls  to  frighten  away  flocks  of  birds.  Distress  or 
alarm  calls  are  highly  recommended  for  dispersing  flocks  of 
gulls  or  other  birds  from  an  airtleld.  In  the  Air  Force,  gull 
control  is  their  primary  use.  This  technique  also  is 
frequently  effective  in  dispersing  blackbirds  or  starlings 
from  roosts  in  trees  or  starlings  roosting  in  hangars,  and  in 
other  situations  where  flocks  are  a  problem,  in  the  past,  it 
was  thought  that  you  needed  a  recording  of  the  specific 
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species  involved  for  it  to  be  eftective.  but  this  isn't 
necessarily  true.  You  may  want  to  try  different  distress  call 
tapes,  or  even  barking  dogs.  Repulsion  is  most  effective 
with  transient  birds,  and  they're  more  effective  with 
roosting  or  loafing  birds  than  with  those  that  are  nesting. 
Auditory  repulsion  is  not  recommended  for  pigeons  or 
house  sparrows. 

Equipment  consists  of  a  vehicle  from  which  to  broadcast 
the  calls,  sound  equipment  (tape  player  with  loudspeaker), 
and  the  cassette  tape  recordings.  The  loudspeaker  can  be 
mounted  on  the  vehicle.  The  sound  equipment  must  play 
the  tapes  loudly  and  with  good  fidelity.  A  system  with 
30-50- watts  power  without  distortion  to  produce  90-1 10  db 
(several  feet  in  front  of  the  speaker)  and  a  frequency 
response  of  up  to  at  least  20. (XX)  Hz  is  recommended.  The 
system  can  be  powered  directly  by  the  vehicle  through  the 
cigarette  lighter,  using  an  AC/DC  transfonner.  You  can  get 
recorded  tapes  of  distress  and  alarm  calls  for  various  species 
from  the  Air  Force  Engineering  and  Services  Center, 
Tyndall  AFB,  Florida. 

As  with  other  control  techniques,  it  is  best  to  start  a 
repulsion  program  before  the  birds  establish  the  habit  of 
using  the  area.  If  the  birds  already  frequent  the  area,  watch 
their  usual  movement  pattern;  it's  easier  to  herd  them  along 
accustomed  flight  patterns  than  to  disperse  them  at  random. 

For  loafing  gulls,  drive  to  within  100- 2(X^  yards  of  the 
birds.  Note  the  wind  direction  because  sound  carries  farther 
downwind.  If  birds  are  roosting  in  trees,  you'll  need  to  get 
even  closer,  because  the  trees  will  muffle  the  sound.  In 
hangars,  the  sound  may  echo,  making  it  unrecognizable  to 
the  birds.  Try  different  spots  within  the  hangar;  you  may 
need  to  move  the  speaker  up  to  ceiling  level.  At  tree  roosts 
and  loafing  areas,  play  the  tape  from  different  locations. 

To  keep  birds  from  getting  used  to  this  control  technique, 
play  the  tape  as  little  as  possible  and  never  let  it  run 
continuously.  Two  or  three  attempts  should  be  enough.  If 
the  birds  don't  disperse  after  the  third  try,  the  call  probably 
isn't  going  to  work.  Don't  let  the  tape  keep  running, 
because  this  will  persuade  the  birds  that  they  are  not  in 
danger,  and  they  will  ignore  the  tapes. 

Often  the  birds  rise  up  and  fly  toward  the  loudspeaker 
when  they  hear  the  distress  call.  Sometimes  they  circle  for  a 
short  time  over  :he  source  and  then  fly  away.  At  other  times 
they  may  circle  the  vehicle  and  spiral  higher  and  higher, 
creating  a  hazard  to  aircraft.  For  these  reasons,  you  should 
use  pyrotechnics,  airbursts,  scare  cartridges,  or  live 
ammunition  after  ^  tap<-  to  snec^  their  departs  • 
-1-ng.  or  hi  is  .  ,  .^y  the  tape  i-  .  j-3  . 

cond  inter-  n  a  few  minutes  as  the  birds  are  arriving 
at  the  roost.  I  *br  4  to  7  successive  nights. 

In  many  situations,  tapes  are  probably  the  most  effective 
repulsion  technique.  If  the  tapes  are  used  propedy, 
habituation  is  not  as  likely  to  occur  as  with  other  methods. 
Except  for  the  reinforcing  measures,  you  don't  need  other 
supplies.  The  birds  are  not  harmed  physically  by  the 
distress  or  alarm  calls,  and  there's  no  fire  hazard,  no  soiling 
problems,  and  no  chemical  residues. 

Circling  gulls  may  create  an  immediate  strike  hazard 
until  they  disperse.  High  background  noise  can  keep  the 
birds  from  hearing  the  recording.  Echoes  and  distortion  of 
the  calls  inside  a  hangar  or  between  buildings  may  reduce 
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effectiveness.  The  recordikigs  are  disturbing  to  some 
people.  As  with  any  repulsion  method,  the  birds  may 
become  a  problem  elsewhere.  Repulsion  alone  will  not 
permanently  solve  a  problem;  habitat  changes  also  should 
be  made.  Playing  recorded  distress  and  alarm  calls  is 
harassment,  and  you  can't  use  it  on  some  protected  species 
without  a  permit.  If  you  use  live  ammunition  as 
reinforcement,  depredation  permits  also  are  required  for 
protected  species,  including  gulls. 

Electronic  noises.  Other  electronic  noises  that  simulate 
bird  calls  have  been  broadcast  by  loudspeakers  much  the 
same  as  the  distress  and  alarm  calls  to  repel  birds.  Ultrahigh 
frequency  sounds  (ultrasonics),  which  cannot  be  heard  by 
humans,  are  noi  recommended  for  bird  control  because 
their  effectiveness  is  unprcven. 

M-74  airbursts  and  scare  cartridges.  M-74  (M-74A1) 
airbursts  are  explosive  charges  fired  from  an  AN~M8 
pyrotecnnic  pistol  (flare  gun).  Commercial  scare  cartridges 
are  12-gauge  shotgun  shells  that  propel  a  second  charge 
instead  of  pellets.  Fired  in  a  flare  gun  with  an  insert  or  an 
open-choke  or  unchoked  shotgun,  the  propelling  charge 
ignites  the  fuse  on  the  second  charge  as  it  projects  the 
charge  about  100  yards,  where  it  explodes  with  a  loud  noise 
and  a  flash  of  light.  Airburst  and  scare  cartridges  are  fired 
into  the  air  to  repel  flocks  of  birds  such  as  blackbirds, 
starlings,  crows,  gulls,  or  waterfowl.  Pyrotechnics  in 
conjunction  with  distress  and  alarm  calls  will  repel  birds 
coming  in  to  roost  (blackbirds  and  starlings)  or  gulls  loafing 
in  the  vicinity  of  runways,  but  they're  seldom  effective  for 
pigeons  or  house  sparrows. 

You  can  get  procedures  for  ordering  M-74  airbursts  from 
the  munitions  supply  office.  Security  Police  squadron 
(supply  account  code  FK)  on  each  base.  Technical  Order 
1IA-1"46,  Fire  Fighting  Guidance,  Transportation  and 
Storage  Management  Data  and  Ammunition  Complete 
Round  Chart,  gives  information  on  shipping,  storing,  and 
handling  airbursts.  Technical  Order  11W2-9--2-31  gives 
directions  for  manufacturing  an  insert  (fig.  2-7)  to  fire  12- 
gauge  scare  cartridges  in  the  flare  gun.  This  combination 
gives  you  about  the  same  range  and  efficiency  as  the  M-74 
airbursts  but  at  a  considerably  lower  cost.  Also,  it's  easier 
to  care  for  the  flare  pistol  than  the  12-gauge  shotgun.  The 
following  instructions   apply  to   the  M74A1  simulator 
airburst  and  the  12-gauge  scare  cartridge.  Whichever  type 
you  use.  fire  pyrotechnics  at  not  less  than  45"^  from  ground 
level  a'  .i  never       ie  G.:.-  tioi.      any  person,  vehicle,  or 
,lo        *        ivhjv  feet.    Carefully  follow  all 
area:        ifety  rules  listed  on  AF  Form  497,  Air  Force 
Polic}      aement-Firearms  Safety  and  Use  of  Force.  The 
user  must  wear  leather  gloves,  ear  protectors,  and  goggles. 
All  other  people  in  the  area  should  have  ear  protectors. 
There  must  be  no  smoking  at  any  time  within  50  feet  of 
pyrotechnics.   If  pyrotechnics  malfunction,  stay  clear  of 
that  area  for  at  least  30  minutes.  Relay  the  exact  position  of 
the  malfunction  to  the  base  explosive  ordinance  disposal 
(EOD)  office.  They  will  send  a  team  to  the  area  for 
disposal.  At  no  time  may  pest  management  personnel 
dispose  of  any  malfunctioned  pyrotechnics.  Except  during 
transportation,  keep  pyrotechnics  under  visual  observation 
at  all  times  after  they  are  issued  and  until  they  are 
expended.    Use  two-way  radios  to  coordinate  with  the 
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cont»-ol  lower  before  you  fire  any  pyrotechnics.  Store 
pyrotechnics  in  a  metal  box  and  secure  the  box  in  the 
vehicle  during  transportation.  Before  using  pyrotechnics, 
notify  the  command  post,  hospital.  Security  Police,  flying 
safety,  and  explosives  safety  offices. 

Proceed  to  the  area  where  the  birds  are  a  hazard.  Get 
control  tower  clearance,  Don  all  applicable  safety 
equipment.  Remove  the  pyrotechnics  from  the  storage  box 
and  load  the  weapon.  Grip  the  weapon  with  both  hands, 
aim  high  towards  the  target,  and  fire.  Inspect  the  weapon 
chamber  and  barrel  before  reloading  to  be  sure  it  is  free  of 
obstruction.  Dispose  of  empty  casings  properly.  If  they're 
left  on  the  airfield,  they  may  be  picked  up  by  birds  and 
dropped  on  the  runway,  where  they  can  be  ingested  by  a  jet 
engine.  For  the  same  reason,  unexploded  projectiles  must 
be  recovered  by  EOD  personnel.  After  bird  dispersal, 
return  the  pyrotechnics  to  the  storage  box  and  then  to  the 
appropriate  office.  To  protect  against  fires,  two  10-pound 
extinguishers  for  type  B  and  C  fires  always  must  be 
available.  In  the  event  of  a  f:re  on  the  airfield,  immediately 
stop  using  pyrotechnics,  try  to  extinguish  the  fire,  and  have 
the  control  tower  inform  the  fire  department. 

When  pyrotechnic  devices  are  used  without  other 
repulsion  techniques,  birds  may  habituate  to  the  noise, 
reducing  the  effect.  This  tendency  can  be  reduced  by 
occasionally  mixing  in  live  ammunition  to  show  the  birds 
that  a  hazard  is  present.  As  we*ve  seen,  using  pyrotechnic 
devices  n  conjunction  with  recorded  distress  or  alarm  calls 
can  reduce  the  potential  for  habituation  to  eithei  technique. 
The  keys  to  success  are  diversity  and  intensity.  Fire  the 
airbursts  or  scare  cartridges  at  irregular  intervals,  and 
combine  their  use  with  other  repulsion  techniques.  In  trying 
to  disperse  a  roost,  provide  daily  harassment  (as  the  birds 
arrive)  for  up  to  2  weeks. 

Automatic  exploders.  Automatic  exploders,  sometimes 
called  gas  cannons,  produce  loud  noises  similar  to  those  of 
a  12-gauge  shotgun,  but  at  regular  intervals,  to  frighten 
birds  away  from  airfields  or  hangers.  Mainly  for  open 
situations,  these  exploders  are  reported  to  be  particularly 
effective  for  waterifowl  but  have  also  been  used  (with 
varying  degrees  of  success)  for  gulls,  blackbirds,  starlings, 
crows,  and  other  birds,  both  feeding  and  roosting.  They 
should  be  most  effective  on  species  that  are  regularly 
hunted  and  thus  are  likely  to  associate  the  noise  with 
gunfire.  Like  the  other  noisemakers,  they're  generally 
ineffective  on  pigeons  and  house  sparrows  and  they're  best 
in  combination  with  other  controls.  Airbursts  will  help  keep 
the  birds  from  getting  used  to  the  noise.  Where  birds  are 
attracted  strongly  to  an  area,  try  explosions  at  1-  to  2- 
minute  intervals.  One  cannon  can  repel  birds  from  about  10 
areas,  so  you'll  need  several  for  most  airdromes.  The 
effectiveness  is  increased  if  the  cannons  are  pointed 
downwind.  Change  the  location  frequently,  perhaps  every 
hour,  but  at  least  daily,  or  the  birds  will  soon  ignore  the 
noise.  For  ease  of  movement,  you  can  mount  the  exploders 
on  a  vehicle.  While  it's  in  operation,  check  the  mechanism 
periodically.  Repulsion  should  start  when  birds  start 
feeding  or  roosting  in  an  area,  rather  than  after  a  pattern  has 
been  set  for  the  season.  It  is  even  better  to  start  the  program 
before  the  birds'  estimated  arrival  time,  based  on  past 
years, 
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A  scareaway  gun  for  bird  dispersal  listed  in  Table  of 
Allowance  483  operates  from  liquid  propane,  ignited  by  a 
flint  that  sparks  when  it's  struck  by  the  firing  mechanism. 
The  timing  of  explosions  is  determined  by  gas  pressure. 
This  technique  is  not  harmful  to  birds.  Gas  cannons  have  a 
low  operating  cost  compared  to  shotguns  or  airbursts. 

Exercises  (A20): 

1,   Under  what  conditions  do  repulsion  techniques  work 
best? 


2,  In  dispersing  loafing  gulls  with  recorded  sound,  what 
is  the  minimum  distance  the  vehicle  is  driven  to  the 
birds? 


3,  What  is  likely  to  happen  to  birds  when  a  distress  call 
tape  is  allowed  to  run  continuously? 


4,  List  the  characteristic  that  is  essential  to  the  12-gauge 
shotgun  when  used  to  project  scare  cartridges. 


5,  When  using  pyrotechnics,  what  safety  equipment  must 
be  worn? 


6,  Pyrotechnic  devices  are  most  effective  when  they  are 
used  in  conjunction  with  what  other  repulsion 
technique? 


7,  What  beneficial  characteristic  do  gas-operated 
exploders  have  as  compared  with  12-gauge  shotguns 
or  airburst? 


A21.  Cite  removal  and  reduction  techniques  lor 
managing  birds. 

Removal  or  Reduction.  These  techniques  attempt  direct 
popula.  a  control  by  capture  or  killing.  This  approach  is 
rarely  effective.  Even  if  a  large  part  of  the  flock  is  removed 
(a  difficult  task),  other  birds  eventually  will  move  in  to 
replace  them  if  the  original  environmental  attraction 
remains.  Killing  birds  also  is  likely  to  result  in  adverse 
public  reaction.  Nevertheless,  there  are  instances  when 
habitat  modification,  exclusion,  or  repulsion  are  not  viable 
approaches,  and  direct  population  reduction  is  appropriate. 
In  this  area  we  are  talking  about  trapping  birds  unharmed. 
We  will  discuss  six  types  of  bird  traps. 


Commercial  live  traps.  Traps  designed  to  capture  birds 
unharmed  are  available  in  a  variety  of  designs  from 
commercial  sources.  Birds  are  attracted  by  bait,  perhaps  in 
combination  with  live  decoys.  Captured  birds  can  be  killed 
by  gassing  or,  preferably,  transported  for  relea:;e  elsewhere. 
You  can  use  commercial  live  traps  to  capture  domestic 
pigeons,  starlings,  or  house  sparrows.  Trapping  is  not 
practical  over  large  areas  or  where  large  populations  are 
present,  but  considerable  numbers  of  pest  birds  can  be 
removed  from  limited  areas  with  persistent  effort.  If  birds 
are  not  feeding,  they  may  be  encouraged  by  prebaiting. 
Birds  are  more  easily  attracted  to  bait  in  winter  because 
natural  food  is  less  available.  Starlings,  however,  do  not 
usually  feed  near  their  roosts. 

Traps  can  be  manufactured  within  your  unit  if  resources 
are  available.  Each  trap  is  designed  to  capture  a  particular 
species.  The  designs  include  swinging-bob  pigeon  traps, 
funnel  traps  for  pigeons,  center-drop  traps  for  starlings  and 
house  sparrows,  funnel  traps  for  house  sparrows,  and  some 
novel  designs.  Many  models  capture  dozens  of  birds  at 
once,  and  some  have  multiple  chambers  to  increase  their 
capacity  and  prevent  escape.  Try  to  place  traps  where  they 
will  not  be  disturbed.  Bait  them  (inside  and  around  the  trap) 
with  appropriate  food  and  ample  wal  Pigeons  can  be 
attracted  by  whole  com,  house  sparrows  by  finely  cracked 
com,  and  starlings  by  cracked  com,  peanut  butter,  or 
apples.  Check  all  traps  daily.  Several  calm,  healthy  birds 
left  in  the  trap  to  serve  as  decoys  will  often  increase 
efficiency.  Handle  protected  species  carefully  and  release 
them  immediately.  Nonprotected  birds  causing  a  pest 
problem  should  be  released  at  least  40  miles  away.  You  can 
cover  the  trap  with  a  tarpaulin  (after  you  remove  protected 
species  and  kill  decoys)  and  the  birds  by  piping  gas  through 
a  hose  connected  to  the  exhaust  pipe  of  a  vehicle.  Incinerate 
dead  birds. 

Live-trapping  and  release  is  socially  acceptable;  and  even 
if  pest  birds  are  killed  by  gassing,  live-trapping  is  less  likely 
to  cause  a  public  relations  problem  than  poisoning. 
Protected  species  usually  can  be  released  unharmed, 
although  frantic  birds  may  be  injured  in  the  trap.  Live- 
trapping  is  expensive  and  time  consuming,  because  it  takes 
considerable  persistence  to  be  effective  even  on  relatively 
small  populations  in  limited  areas.  Removal  is  not  a 
permanent  solution  to  a  pest  problem,  as  other  birds  will 
move  in  to  fill  the  available  habitat.  Eliminating  the  habitat 
is  the  best  solution. 

Pigeon  traps.  You  can  use  these  traps  to  help  reduce  the 
numbers  of  pigeons  feeding,  roosting,  or  nesting  around 
buildings,  (Refer  to  Volume  3,  Chapter  2,)  Place  the  traps 
near  feeding  or  roosting  locations,  but  where  they  will  not 
be  disturbed;  a  flat  rooftop  is  often  a  good  location.  Watch 
the  pigeons'  feeding  habits  to  spot  suitable  trapping 
locations;  if  they're  feeding  in  open  fields,  place  the  traps  in 
a  field.  It  they've  been  feeding  near  the  runway,  don't  trap 
there,  but  try  to  lure  them  away.  Post  signs  to  keep  people 
clear  of  the  trapping  area.  Spread  preferred  food  such  as 
cracked  com  or  other  grain  around  the  door  of  the  trap  and 
put  an  ample  supply  of  bait  and  water  inside.  Tie  the  bobs 
open  and  prebait  for  2  weeks  to  lure  the  pigeons  to  the  food 
source  and  get  them  used  to  entering  the  traps,  then  untie 
the  bobs  to  activate  traps.  Over  several  weeks,  check  the 


traps  daily  to  remove  captured  birds  for  transport  and 
release;  leave  two  or  iliree  healthy  birds  as  decoys  and 
replenish  food  and  water  as  necessary.  If  you  leave  too  ( 
many  birds  in  the  trap,  they'll  eat  all  the  bait  and  few  other 
birds  will  be  attracted.  Try  to  leave  the  same  birds  as  decoys 
each  time  so  they  will  become  tame.  Leaving  birds  with 
distinctive  color  pattems  will  facilitate  identification; 
bright-colored  birds  also  seem  to  be  more  effective  decoys 
than  the  duller  blue-gray  birds.  Make  a  portable  holding 
cage  to  carry  the  captured  birds  and  mark  them  with  indigo 
red  dye  so  you'll  recognize  any  that  return  to  the  area.  Take 
the  birds  to  a  suitable  area  at  least  40  miles  from  the  base 
and  release  them.  If  any  marked  birds  retum,  dispose  of 
them  as  directed  by  the  hospital  commander.  After  several 
weeks  of  trapping,  another  prebaiting  period  is 
recommended,  followed  by  several  weeks  of  trapping.  If 
trapping  is  unsuccessful,  the  birds  must  be  destroyed. 

Pigeons  with  leg  bands  or  nontarget  species  such  as 
mourning  doves  can  be  released  unharmed.  Trapping  does 
not  involve  the  hazards  associated  with  toxic  chemicals. 
Fairly  large  numbers  of  birds  c?n  be  captured  and  removed, 
but  at  best,  trapping  will  remove  only  75-80  percent  of  the 
resident  pigeons  in  any  area.  Results  are  slow,  and  it  takes  a 
lot  of  effort.  As  we've  said  over  and  over,  removal  is  not 
permanent,  because  other  birds  will  move  in  if  the 
attraction  remains.  Pigeons  aren't  Icderally  protected,  so 
there  are  no  legal  restrictions  on  live-trapping  in  most 
places.  In  some  areas,  all  birds  are  protected  by  local 
regulations,  so  always  check  with  the  base  Staff  Judge 
Advocate  about  permit  requirements. 

Modified  australian  crow  traps.  These  traps  can  capture  { 
starlings,  house  sparrows,  blackbirds,  and  other  problem 
birds  in  a  fairly  small  They  should  be  at  least  8  feet  long,  6 
feet  wide,  and  6  feet  high  or  even  larger  if  practical,  A 
1,75-inch  width  of  the  entrance  slots  and  a  9-inch  minimum 
clearance  at  each  end  are  critical.  Place  traps  in  an  open 
area  rather  than  under  trees.  For  starlings  (as  well  as  many 
other  birds),  you  should  bait  the  traps  with  rotting  apples, 
finely  cracked  com,  or  feed  pellets.  Try  to  bait  with  a  food 
that  the  birds  are  used  to  eating.  If  one  trap  location  or  type 
of  bait  doesn't  work,  try  another.  The  trap  will  be  most 
effective  with  10  to  12  decoy  birds  in  it.  You  may  have  to 
catch  the  first  decoys  some  other  way. 
Provide  the  decoys  with  fresh  water.  You  can  make  two 
suitable  water  containers  by  splitting  an  old  rubber  tire 
down  the  middle.  Tend  the  traps  regularly. 

The  modified  australian  crow  trap  is  probably  the  best 
live  trap  yet  devised — simple  and  effective.  Protected 
species  usually  can  be  released  unharmed,  while 
nonprotected  species  can  be  killed  or  transported  and 
released.  Since  the  traps  are  iarge,  they  may  need 
disassembly  for  moving  or  storage, 

Nest'box  traps.  Nest-box  traps  are  used  to  reduce  local 
numbers  of  starlings  or  house  sparrows  during  their 
breeding  season.  Nest-box  traps  come  in  several  different 
designs.  There  are  plans  for  a  house  sparrow  trap  in  Volume 
3,  For  starlings,  the  trap  is  the  same,  but  the  opening  is 
slightly  larger  (2  inches  instead  of  P/2  inches).  The  front 
wall  is  put  on  last  and  fastened  by  screws  to  make  repair  I 
easier.  Glue  pieces  of  hay  and  feathers  to  the  back  of  the 
chamber,  and  use  a  tightly  woven  sack  to  receive  the  birds 
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as  they  are  captured.  Place  the  trap  on  the  side  of  a  building 
or  on  a  pole  where  the  sack  can  hang  freely  and  be  easily 
reached  with  the  use  of  a  ladder.  Getting  rid  of  existing 
nesting  sites  may  increase  the  effectiveness  of  the  traps. 

In  a  limited  area,  nest-box  traps  can  effectively  remove 
house  sparrows  or  starlings,  but  they  probably  won't 
eliminate  all  the  pest  birds  in  any  area. 

Raptor  traps.  If  raptors  (birds  of  prey)  create  a  strike 
hazard  and  you  can't  discourage  them  with  othier  measures 
(such  as  eliminating  the  food  source),  you  may  be  able  to 
trap  them  with  verbail  pole  traps  or  BaUChatri  traps,  and 
then  release  them  elsewhere.  Of  course  this  takes  the 
cooperation  of  the  U,S,  Fish  Wildlife  Service,  They'll 
provide  the  traps  or  the  information  you  need  to  build  traps, 
Verbail  traps  are  set  on  top  of  posts.  As  the  raptor  tries  to 
perch  on  the  post  it  lands  on  a  trigger  plate,  which  causes  a 
spring  to  loop  a  cord  around  its  feet.  The  Bal-Chatri  trap  is  a 
cage  of  hardware  cloth  with  the  top  covered  by  slipknot 
nooses  of  monofilament  nylon  (fishing  line).  Different  sizes 
of  traps  are  used  for  different  raptors,  A  live  lure  such  as  a 
mouse,  starling,  or  house  sparrow  (or  perhaps  a  rabbit, 
chicken,  or  pigeon  for  owls)  is  placed  inside  the  cage,  A 
raptor  Isinding  on  the  cage  gets  its  feet  tangled  in  the  nooses. 
Watch  raptor  u-aps  continuously  or  check  them  very 
frequently  to  remove  birds  before  they  are  injured,  Releast 
captured  birds  at  least  20  or  30  miles  away  to  keep  them 
from  returning. 

Trapping  has  no  advantages  over  habitat  modification  or 
tactile  repulsion  techniques  for  discouraging  raptors.  The 
Bal-Chatri  has  several  advantages  in  comparison  to  other 
raptor  traps;  specifically,  it  is  simple,  portable,  easier  to 
build  than  the  Verbail  trap,  and  there  is  litiie  danger  of 
accidentally  killing  the  birds.  As  it  is  with  other  traps, 
habitat  modification  (or  using  tactile  repellents  on  the 
perches)  is  a  better,  more  permanent  solution  to  a  strike 
hazard.  Raptors  are  protected  by  Federal  law;  you  need  a 
permit  tc  capture  them,  and  even  then  you  need  the 
cooperation  of  the  U,S.  Kish  and  Wildlife  Service, 

Nets,  Birds  can  be  captured  by  various  types  of  nets, 
including  cannon  nets,  mist  nets,  and  floodlight  traps.  The 
cannon  net  uses  rockets  or  mortar  projectiles  to  carry  a 
large,  light  net  over  a  flock  of  birds  attracted  by  bait.  Mist 
nets  are  made  of  fine  black  nylon  thread  (like  a  hairnet)  that 
's  virtually  invisible,  strung  between  two  poles  against  a 
dark  background.  The  floodlight  trap  is  a  huge  funnel- 
shaped  net  (supported  by  a  frame)  into  which  roosting  birds 
can  be  driven.  The  funnel  narrows  down  to  a  tent,  lit  by 
floodlighrc,  which  functions  as  a  holding  chamber. 

The  cannon  net  was  designed  for  waterfowl  but  it  works 
for  other  birds.  Mist  nets  will  capture  small  birds  such  as 
house  sparrows,  if  they  can  be  placed  to  block  the  birds' 
normal  flightpath.  The  floodlight  trap  was  designed  to  catch 
starlings  and  blackbirds  at  night  roosts.  Like  trappig, 
netting  isn't  likely  to  remove  enough  birds  to  be  practical. 
If  you  think  a  pest  situation  warrants  a  netting,  contact  the 
U,S,  Fish  and  Wildlife  Service  for  permission,  information, 
and  help. 

Shooting.  Shooting  can  be  used  to  eliminate  small  flocks 
of  pest  birds  in  limited  areas.  Live  ammunition  is  most 
effectively  used  to  frighten  away  flocks  of  birds  or  to 
reinforce  noise  techniques.    In   certain  circumstances. 
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hunting  may  be  encouraged  to  control  game  birds  such  as 
waterfowl  that  may  cause  a  strike  hazard.  Shooting  has 
been  tried  as  a  control  for  gulls  on  airfields  but  was 
generally  ineffective. 

The  firearm  and  ammunition  used  should  have  enough 
power  to  kill  quickly,  but  shooting  near  buildings  or 
equipment  or  using  excessive  firepower  increases  the 
chance  of  damage  and  the  hazard  to  personnel  For  pigeons, 
you  can  use  birdshot  in  a  .22-caliber  smoothbore  rifle  or  a 
,410  caliber  shotgun,  or  even  a  high-powered  air  rifle. 
Larger  bore  shotguns  can  be  effective  in  more  open  areas. 
Use  the  best  marksmen  available.  A  local  rod  and  gun  club 
or  Security  Police  personnel  may  do  the  job.  You  can  build 
a  blind  on  the  roof  of  a  hangar  from  which  to  shoot  the  birds 
as  they  fly  into  the  hangar  or  over  the  roof.  Take  adequate 
safety  precautions,  and  restrict  access  to  the  area.  Post 
guards  in  the  hangar  to  keep  people  out.  Remove  aircraft 
and  ground  equipment  from  the  washrack  and  hangar 
apron.  Limit  the  firing  zone  to  protect  other  buildings.  If 
firing  is  directed  toward  the  flight  line,  move  aircraft  to  a 
safe  area. 

When  you're  using  live  ammunition  to  reinforce 
repulsion  techniques,  just  kill  an  occasional  bird.  Leaving 
the  dead  bird  where  it  is  visible  to  the  rest  of  the  flock  may 
increase  the  effectiveness  of  the  program,  but  remove  it 
when  you  leave  the  area  to  keep  scavenger  birds  from 
getting  it.  It  is  important  to  be  persistent.  Discontinuing  a 
program  too  early  may  lose  whatever  progress  has  been 
made. 

Shooting  is  selective  in  terms  of  the  species  (or  individual 
bird)  to  be  eliminated.  In  some  circumstances,  it  may  be  the 
least  expensive  and  most  rapid  technique  available. 
Shooting  will  reinforce  other  repulsion  techniques  and  may 
greatly  increase  their  effectiveness.  Like  other  reduction 
techniques,  it's  rarely  effective  for  population  control. 
Other  birds  are  likely  to  replace  those  shot.  Live 
ammunition  is  hazardous  to  people  and  aircraft  and  may 
damage  buildings  or  equipment.  Shooting  birds  may  cause 
bad  public  reaction.  This  technique  cannot  be  used  where 
firearms  are  restricted  or  in  other  areas  where  a  safety 
hazard  may  result.  Federal  permits  are  required  to  kill 
protected  species,  including  gulls  and  blackbirds.  State 
permits  may  also  be  required. 

Poisoning.  All  the  other  techniques  are  preferable  to 
poisoning,  but  sometimes  other  approaches  are  not 
practical,  and  a  toxic  chemical  is  needed.  If  you  have  to  kill 
the  birds,  rather  than  to  merely  repel  them,  or  if  rapid 
results  are  mandatory,  you  can  use  poisons  more 
extensively,  but  only  poisons  registered  by  the  EPA  for 
birds.  Unauthorized  poisons  are  unlikely  to  be  effective  or 
may  present  a  severe  hazard  to  personnel.  For  one  or  more 
of  these  reasons,  strychnine,  thallium  sulfate,  and  poison 
perches  (containing  Fenthion  and  Endrin)  are  not 
recommended.  Poisons  you  may  consider  for  use  are 
Avitrol  and  Compound  DRC-1339  (which  is  sold  under  the 
tradename  Starlicide). 

Avitrol,  When  birds  eat  bait  treated  with  this  toxic 
chemical,  they  react  erratically,  exhibit  abnormal  behavior 
and  give  distress  calls.  This  frightens  the  rest  of  the  flock 
away  from  the  area.  Avitrol  is  currently  registered  for  use 
by  authorized  personnel  as  a  repellent  for  gulls,  starlings, 
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blackbirds  (including  common  grackles  and  wbirds). 
crows,  house  sparrows,  md  pigeons.  Sinco  bait  must  be 
eaten,  this  technique  only  applies  (o  situation  when*  birds 
are  feeding  or  can  be  prcbaited  to  feed.  Although  [)igcons 
react  less  than  other  species,  this  technique  is  reconiniended 
for  them,  b^  "sc  it  is  more  effective  than  audit(vv 
repulsion 

Although  .1..  '  \yd>-  Ix'cn  used  saccev:v}'ull>  to  repe! 
gulls  from  airfields.  ^  is  .  f  reconuncndcd  in  mi  }) 
situations  l>ecaiise  the  unacted  by  prcbaiting  may 

create  a  senou.-  'trikc  hazard.  You  can  use  Avitrol  to 
disperse  gu:i^  from  Ujnc'iilh  near  airfields,  Avitrol  is  not 
recommended  to  co'iirol  Starling  roosts,  because  starlings 
generally  don't  feed  near  their  roost,  but  in  feeding 
situations,  it's  quite  effective  against  starlings.  It's  often 
more  effective  with  large  flocks  of  birds  than  with  smaller 
ones. 

Various  types  of  grain  treated  with  the  chemical,  as  well 
as  untreated  grain  of  the  same  type  for  prebaiting,  are 
available  from  commercial  suppliers,  Diff^^rent 
concentratirns  and  types  of  treated  bait  are  registered  for 
different  uses.  For  pigeons,  using  whole  com  minimizes  the 
hazard  to  sn  dier,  nontarget  species  that  will  not  eat  whole 
kemals.  For  house  sparrows,  treated  mixed  grain  or  fine 
com  chops  (cracked  com)  can  be  ased.  Treated  com  chops 
(double  strength)  are  usually  accepted  by  starlings  in 
feeding  situations.  For  gulls  at  landfills,  you  can  apply 
powdered  concentrate  of  \vitrol  to  bread. 

Prebaiting  is  the  most  imponant  part  of  the  control 
progiam,  even  when  birds  are  already  feeding  in  the  area. 
The  birds  must  get  used  to  eating  the  same  type  of  food  and 
in  the  same  place  as  the  treated  bait  that  will  be  used.  Do 
not  prebait  in  an  area  where  protected  nontarget  species  are 
feeding  or  will  be  attracted.  Nontarget  species  that  do  not 
eat  grain  (e.g.,  american  robins,  mockingbirds,  purple 
martins)  do  not  pose  a  problem.  If  you  have  to  prebait 
where  the  birds  are  not  already  feeding  (such  as  hangar 
rooO,  allow  a  longer  prebaiting  period.  It  is  advisable  to 
allow  2  weeks  for  prebaiting  although  several  days  may  be 
enough  if  acceptance  is  good.  If  possible,  bait  above  the 
ground  to  minimize  exposure  of  people,  pets,  and  some 
nontarget  species  (e.g.,  mouming  doves).  A  flat  rooftop  is  a 
good  location  to  prebait  for  pigeons  Elevated  feeders  can 
be  built  for  house  sparrows. 

Prebaiting  does  several  things.  You  learn  the  feeding 
habits  of  both  target  and  nontarget  birds.  Prebaiting 
locations  thai  attract  protected  species  can  be  discontinued 
before  you  treat  the  bait.  Also,  the  target  birds  get  used  to 
being  fed  and  will  readily  take  the  treated  bait  when  it  is 
substituted  for  the  untreated  bait.  For  pigeons,  put  out  the 
feed  at  the  same  time  each  day.  A  break  in  the  pattem  will 
result  in  a  setback  to  the  prebaiting  program.  Keep  plenty  of 
bait  onhand,  so  that  the  supply  does  not  run  out  before  you 
get  total  acceptance. 

After  a  feeding  paltem  has  been  established,  immediately 
substitute  treated  bait  for  the  untreated.  When  you  handle 
treated  bait,  wear  gloves  and  follow  label  instructions 
carefully,  then  change  clothes  and  was  thoroughly.  Bum 
the  downed  birds  and  any  excess  bait  and  empty  containes. 
Do  not  expose  people  to  the  fumes  or  smoke. 


C  part  of  the  {lock  nc  ds  to  eat  treated  bait,  so  blend  it 
with  untreated  bait  of  the  same  type.  The  higher  the 
concentration  of  treated  bait,  the  more  birds  will  be  killed. 
For  example,  a  mixture  of  30  parts  untreated  to  1  part 
.Mted  (30:1)  may  repel  flocks  of  pigeons  with  little 
n.  a.mty  Mixtures  of  10:1  or  3:1  constitute  reduction 
rather  than  repulsion,  for  many  birds  will  be  f>oisoned.  The 
average  amount  of  blended  bait  needed  per  treatment  is  3-  4 
pc»unds  for  pigeons  and  about  1  pound  for  house  sparrows. 
It  may  take  daily  ircatment  over  a  period  of  several  weeks  at 
increasing  concentrations.  Don't  expect  one  hundred 
percent  repulsion  of  either  pigeons  or  house  sparrows.  You 
may  need  a  regular  maintenance  program  to  keep  the 
populations  at  acceptable  levels. 

For  gulls  ut  landfills,  cut  standard  slices  of  bread  »r»to  12 
sections.  Treat  only  one-tenth  of  the  sections  (i.e.,  a  10:1 
ratio with  Avitrol  concentrate  by  shaking  in  a  plastic  bag. 
After  prebaiting,  broadcast  the  untreated  bread  and  space 
the  treated  bread  throughout  the  area,  A  typical  application 
for  5000  gulls  is  240  untreated  pieces  (20  cut-up  slices  of 
bread)  and  24  treated  pieces  (3  pieces  at  each  of  8  widely 
separated  stati^^ns).  One-half  of  this  amount  in  any  one 
feeding  area  is  enough  for  smaller  flocks.  Repeated 
applications  and  site  maintenance  may  be  required  for 
continued  control.  Repulsion  is  not  a  permanent  solution  to 
a  pest  bird  problem.  Unless  techniques  such  as  habitat 
manipulation  or  exclusion  keep  the  situation  from 
recurring,  applications  may  need  to  be  repeated. 

Consult  U,S,  Fish  and  Wildlife  Service  personnel  before 
you  start  a  management  program  using  chemicals.  Permits 
are  required  for  use  on  protected  species,  including  gulls. 
Bait  used  for  nonprotected  species  should  not  be  exposed 
where  it  may  be  taken  by  protected  species  or  where 
streams  or  ponds  may  be  contaminated  by  runoff  (i,e,, 
drainage  of  rainwater), 

Starlicide,  Starlicide  is  the  registered  trademark  for 
compound  DRC-1339.  It's  available  as  a  0, 1  percent 
mixture  called  Starlicide  Complete,  Apply  Starlicide  in  a 
feeding  trough  4  feet  long,  12  inches  wide,  and  3  inches 
deep  or  in  plastic  pans.  You  may  need  to  prebait  with 
untreated  feed  pellets  to  get  the  birds  used  to  feeding  on 
pellets  in  the  trough  or  pans.  You  can  also  broadcast  bait  on 
dry  or  frozen  ground,  but  this  increases  the  danger  to 
protected  species.  If  protected  species  feed  on  the  bait, 
discontinue  the  program  or  try  prebaiting  in  another  spot. 
When  the  starlings  or  blackbirds  are  regularly  feeding  on 
the  untreated  bait,  replace  it  with  the  treated  mixture.  Use 
no  more  than  20  lbs  per  acre  for  feedlots  over  10  acres,  or 
more  than  50  lbs  f>er  acre  for  smaller  lots.  The  poison  may 
take  up  to  about  48  hours  to  take  effect,  and  birds  never  die 
less  thf»n  3  hours  after  ingestion.  As  always,  wear  gloves, 
bum  the  excess  bait  and  dead  birds,  keep  unused 
inaccessible  to  p>oultry  or  livestock,  and  follow  label 
instructions  carefully, 

Starlicide  is  less  toxic  to  mammals  than  Avitrol,  and  it's 
less  toxic  to  light-colored  birds  than  to  dark  birds  (such  as 
starlings)  so  the  danger  to  many  protected  species  is 
reduced.  There  is  Llways  some  danger  to  protected  species. 
Poisoning  birds  is  unpopular  and  may  cause  an  adverse 
public  reaction,  especially  since  the  slow-acting  poison  will 
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not  take  effect  until  birds  have  moved  to  another,  perhaps  9.  What's  the  most  effective  bird  control  use  of  live 
more  populated,  location.  rounds? 


Exercises  (A21): 

1,  Why  arc^  removal  and  reduction  techniques  rarely        ,^  ^^^^^^^^         ^^^^^^^^^^  ^^^.^^  ^-^.^^^  promptly  when 

ettective?  y^^^  llnish  shooiing? 


2,  What  are  the  two  main  attractants  to  birds  when  traps        j  j  ^^^^^^  ^^,.^^^^1  poisoning  have  on  a  bird? 
are  used'^ 

12.   What  birds  is  Avitrol  labelled  to  control? 

3,  What  should  you  use  to  bait  starhng  traps? 

.       ^      .  13.   Why  should  vou       use  Avitrol  to  repel  gulls  from  an 

4,  In  releasing  nonprotected  bird.s.  how  far  should  you  -urfield? 
take  them? 

^    .  ,  14.   Why  should  you  apply  Avitrol  baits  above  ground 

5,  Where  should  you  place  pigeon  traps  for  best  results  ?  level? 


6.  How  should  you  mark  captured  birds  to  help  you  List  three  reasons  for  prebaiting. 

recognize  those  that  return  to  the  trapping  area 


7.   How  do  the  two  most  common  types  of  raptor  traps        15    How  should  you  put  out  Starlicide  baits? 
work? 


8.  With  whom  must  you  coordinate  before  you  trap       17.   What  advantages  does  Starlicide  have  over  Avitrol  for 
raptors?  starling  poison? 
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CHAPTER  3 


Miscellaneous  Vertebrate  Pests 


THBRB  ARK  A  variety  of  vertebrate  pests  we  haven't 
discussed  yet.  Some  that  you  ll  learn  about  in  this  chapter 
are  rabbits  and  hares «  bats,  skunks,  and  moles.  This 
chapter  doesvi*t  make  a  strong  attempt  at  identifying  the 
various  s^>ccies  of  these  animals,  since  they  may  vary 
widely  by  region.  H  you  have  a  pest  problem  with  any  of 
these  animals,  consult  a  local  ficlu  guide  or  area  wildlife 
authorities. 

3*1 .  Rabbits  and  Hares 

Rabbits  and  hares  can  be  damaging  both  as  medical  and 
economic  pests.  Rabbits  in  particular  can  cause  extensive 
damage  to  home  gardens  and  newly  established  seedlings  in 
forests . 

A22.  Verify  or  correct  statements  about  the  importance, 
characteristics,  and  controls  for  rabbits  and  hares. 

Rabbits  and  hares  belong  to  the  order  Lagomorpha.  They 
used  to  be  grouped  with  rodents,  but  they  differ  from 
rodents  in  that  they  have  four  upper  incisor  teeth  rather  than 
two.  The  second  pair  of  incisors  is  smaller  and  is  behind  the 
first  pair. 

Importance.  Hares  and  rabbits  are  the  primary  reservoir 
of  tularemia.  They  are  also  reser\'oirs  of  spotted  fever  and, 
to  a  lesser  extent,  of  plague.  The  rabbit  tick, 
Haemaphysalis  ieporis  palustfis,  plays  an  important  role  in 
transmitting  spotted  fever  and  tularemia  from  rabbit  to 
rabbit  and  thus  in  maintaining  natural  reservoirs.  Rabbits 
and  hares  are  of  economic  importance  at  military 
installations  because  they  damage  trees  and  erosion-controi 
plantings.  Damage  is  most  prevalent  at  installations  in  the 
Western  Mnited  States  where  large  populations  of  jack 
rabbits  frequently  develop.  Although  epizootics  (sudden, 
widespread  disease  epidemics)  drastically  reduce  their 
numbers  at  intervals  of  about  7  years,  other  control 
measures  are  often  needed. 

Characters  and  Biolog>\  Hares  and  rabbits  are  heavily 
furred  animals  with  long  ears  and  elongated  hindlegs.  They 
inhabit  most  of  the  major  landmasses  and  some  islands. 
The  true  rabbits,  of  the  genus  Sylvilagus,  include  the 
cottontails,  which  range  from  Southern  Canada  south  to 
Argentina  and  Paraguay;  the  smaller  brush  rabbit  of  the 
United  States  Pacific  Coast;  and  the  marsh  rabbits,  or 
swamp  rabbits,  of  the  Southern  and  Southeastern  United 
States.  True  rabbit  young  are  bom  naked,  blind,  and 
helpless.  The  hares,  of  the  genus  Lepus,  are  represented  by 
the  jack  rabbit  and  by  the  varying  hare,  or  snowshoe  rabbit. 


The  young  hares  are  bom  in  an  advanced  state  with  the  eyes 
open  and  the  body  well  furred.  They  can  move  about  sot>ii 
after  binh. 

Control.  Methods  for  controlling  rabbits  and  hares 
include  poisoning,  trapping,  shooting,  using  repellents,  and 
building  barriers.  You  poison,  trap,  shoot,  and  reple  them 
much  the  same  as  you  wo.uld  ground  and  tree  squirrels. 
There  are  two  kinds  of  barriers  for  rabbit  control.  Individual 
trees  can  be  protected  by  banding  them  with  a  1  or  2-foot' 
wide  srr.\;  of  tar  paper  or  metal  sheeting.  Gardens  can  be 
protected  by  building  rabbiiproof  fences  and  box  traps 
baited  with  apples,  lettuce,  or  carrots. 

Since  rabbits  often  prefer  areas  of  heavy  vegetation, 
brush,  piles  of  debris,  etc.,  ycui  may  be  able  to  apply 
cultural  controls  by  having  these  harborages  eliminated. 
For  repelling  rabbits  from  a  given  area,  you  may  use 
Gustafiron  42—5,  a  commercial  formulation  of  thiram 
fungicide  labelled  for  repelling  rabbits  from  fruit  trees, 
shrubs,  cmainentals.  and  nursery  stock. 

Exercises  f  A22): 

Mark  each  statement  true  (T)  or  false  (F)  and  correct  any 
false  ones. 

  i .  Rabbits  and  hares  belong  to  the  order  Lagomorpha. 


2.  Rabbits  and  hares  have  two  upper  incisor  teeth. 


3.  Hares  and  rabbits  are  the  pnmary  reservoir  of 
tularemia. 


4.  Rabbits  and  hares  do  extensive  damage  to  trees  and 
erosion-control  planting. 


5.  Hares  and  rabbits  are  heavily  furred  animals  with 
long  ears  and  elongated  hindlegs. 
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6.  The  young  rabbits  arc  bovu  in  an  advanced  state 
with  eyes  open  and  the  body  well-t'urrcd. 


7.  To  protect  trees,  bands  must  be  3  or  4  feet  high. 


S.  Box  trap^  tor  rabbits  should  be  baited  with  apples, 
lettuce,  oi  carrots. 


3-2.  Bats 

Throughout  history,  bats  have  aroused  people's  curiosity 
and  interest.  Have  you.  tor  example,  heard  any  stories 
about  cattle  deaths  by  attacks  of  vampire  bats  or  seen  any 
old  vampire  movies  lately?  Luckily,  bats  ot  the  U.S.  feed 
on  insects,  many  of  them  noxious.  Natural  bat  roosts 
include  caves  and  tree  hollows,  but  a  few  species  live  in 
houses,  thus  earning  the  title  "house  bats."  Bats  found 
north  of  Mexico  are  almost  entirely  beneficial  to  people  but 
occasionally  become  nuisances  or  pose  public  health 
problems.  Fear  of  rabid  bats  has  resulted  in  the  use  of 
chemicals  to  control  them  in  buildings,  often  with 
disappointing  results  and  side  etfecls.  This  section 
discusses  the  biological  and  ecological  role  of  bats  and 
ways  you  can  manage  them  when  conflicts  develop. 

A23.  Verify  or  correct  statements  about  the  biology  and 
ecology  of  bats. 

Biology  and  Ecology  of  Insectivorous  Bats.  The  only 
truly  flying  mammals,  bats,  belong  to  the  order 
Chiroptera — ''flying  hand."  Bats  are  worldwide  in 
distribution  but  mainly  tropical.  Their  ability  to  fly,  theii 
secret iveness,  and  their  nocturnal  habits  have  undoubtedlv 
contributed  to  bat  folklore,  superstition,  and  fear.  Tbu 
natural  habitat  of  most  North  American  bats  is  caves  and 
trees.  Many  bats  are  found  in  mines  and  some  in  buildings. 
Day  roosts  are  dark  and  secluded.  Foraging  areas  are 
around  water,  forests,  ravines,  and  buildings.  With  the 
advent  of  cold  weather,  bats  migrate  or  hibernate  in  caves, 
mines,  and  sometimes  in  houses.  These  places  usually  have 
high  humidity  and  above-freezing  temperatures.  Active, 
nonhibemating  bats  spend  the  day  hanging  in  secluded 
retreats  and  become  restless  as  evening  approaches.  Upon 
leaving  their  roosts  to  feed,  bats  usually  first  fly  to  a  pond  or 
other  water  source  to  drink.  A  second  feeding  period  may 

ci    ust  before  daylight. 

/  bats  in  North  America  are  insectivorous,  catching 
snTuli  flying  insects,  many  harmful,  by  sonar  or 
echolocation.  Some  bats  may  consume  up  to  one-half  their 
weight  of  insects  in  a  night.  The  little  brown  bat  {Myotis 
lucifugus),  commonly  found  in  buildings,  feed  on  midges, 
mosquitoes,  caddis  flies,  moths,  and  beetles.  It's  been 
estimated  that  50  oats  can  easily  capture  500,000  insects 
each    night.     The    mexican  free-tailed   bat  (Tadarida 
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brosiliensis)  forms  the  largest  colonies  of  any  mammal. 
vSome  Texas  cave  colonics  contain  as  many  as  20  million 
individuals  and  can  eat  more  than  100.000  lb  of  insects 
nightly. 

Many  animals  use  sonar  to  navigate,  locate,  and  avoid 
obstacles.  Bats  use  sonar  for  those  purposes  and  to  capture 
flying  insects.  High-tVequency  sounds,  inaudible  to 
humans,  produce  echos  permitting  bats  to  measure 
distance.  Bats  also  make  audible  sounds. 

In  the  United  States  bats  mate  in  the  fall  and  winter,  but 
the  female  may  retain  sperm  in  the  uterus  until  spring  when 
ovulation  and  fertili/alion  lake  place.  Pregnant  females 
congregate  in  nursery  colonies  in  caves,  mines,  buildings, 
or  other  dark  retreats.  No  nests  are  built.  Binh  occurs  from. 
April  through  July  and  most  species  produce  a  single 
young,  although  some  have  twins  and  a  few  have  litters  of 
three  or  four.  Young  bats  grow  rapidly  and  are  able  to  fly 
within  3  weeks.  When  they're  adept  at  flying  and  catching 
food,  juveniles  become  less  dependent  on  their  mothers  and 
the  maternity  colonies  disperse  after  weaning  in  July  or 
August. 

Around  first  frost,  bats  prepare  for  winter.  Some  species 
migrate  relatively  short  distances,  whereas  certain 
populations  of  the  mexican  free-tailed  bat  may  fly  up  to 
1000  miles.  Bats  in  the  Northern  United  States  and  Canada 
may  hibernate  from  September  through  May;  hibernation 
for  the  same  species  in  the  southern  part  of  the  of  their  range 
may  be  shorter  or  even  sporadic,  and  some  fly  during  warm 
spells  in  winter.  Unlike  many  small  mammals,  whose 
average  life  spans  may  be  less  ihan  a  year,  bats  often  live  10 
years  or  more.  Two  little  brown  bats  were  recaptured  29 
and  30  years  after  being  banded. 

Almost  all  bats  are  of  some  economic  importance,  and 
those  of  the  United  States  and  Canada  are  beneficial 
because  they  are  insects.  The  guano  (accumulated  bat 
droppings)  was  once  commercially  mined  in  the  Southwest, 
and  it  is  still  mined  in  Mexico  as  nitrogen-rich  fertilizer. 
The  importance  of  the  bat  guano  has  declined  because  of 
reduced  bat  populations  ana  the  development  of  inorganic 
fertilizers. 

Exercises  (A23): 

  1.  Except  for  some  squirrels,  bats  are  the  only  true 

flying  mammals. 


2.  Caves  and  trees  provide  most  of  the  habitat  for 
North  American  bats. 


3.  Typical  winter  bat  roosts  are  caves  and  mmes 
where  humidity  is  high  and  temperatures  are  above 
freezing. 
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4.  In  the  U.S.,  bats  breed  in  the  sprini:  and  suninier 
months. 


5.  Young  bats  mature  slowly,  taking  up  to  2  inontlis 
before  being  capable  of  Hight. 


6.  Unlike  other  small  nianunals  with  short  litesp  ,ns. 
bats  often  live  10  ye:irs  or  more. 


7.  Bats  in  North  America  are  considered  beneficial 
because  of  their  diet. 


A24.  State  how  bats  present  nuisance  problems  to 
people. 

Nusiance  Problems  Caused  by  Bats.  Some  bat  species 
use  structures  in  preference  to  their  natural  roosts,  and 
others  are  forced  to  roost  in  buildings  when  natural  roosts, 
such  as  caves  and  hollow  trees,  are  destroyed  (Fig.  3-1). 
Some  caves  (Fig.  3-2)  are  ruined  by  flooding,  dam 
construction,  burning  of  debris  or  by  pesticides.  Cave 
roosts  also  are  destroyed  by  explosives  used  in  mining  and 
quarrying,  vandalism,  and  tourism.  Forest  management 
programs,  particularly  removing  diseased  or  old  trees  with 
hollows  (Fig.  3-3)  have  also  reduced  the  number  of  bat 
roosts. 

As  a  result  of  these  and  other  activities  by  people,  bats 
have  often  been  forced  away  from  their  natural  habitat  and 
toward  homes,  buildings,  and  other  structures.  In  these 
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Figure  3-1 .  Bat  roosting  sites  in  a  house. 
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Figure  3-2.  Bat  rtxjsting  sites  in  a  cave  and  under  riKks. 
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Figure  3-3.  Bat  roosting  sites  in  trees. 
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locations,  the  noise  bats  squeaking,  scratching,  scrambling, 
and  crawling  in  attics,  walls,  and  chimneys  can  be 
objectionable  if  the  roost  site  is  close  to  human  living 
quarters.  Bats  nearly  always  reveal  their  presence  by  their 
fecal  droppings  left  beneath  entrance  holes  and  below 
roosts.  Brown  stains  and  odors  from  urine,  feces,  and 
glandular  body  secretions  may  often  indicate  the  presence 
of  bats  inside  the  structures.  In  old.  loosely  constructed 
buildings  with  an  attic  roost  or  a  space  between  the  wall  and 
a  chimney,  excreta  may  seep  through  cracks  and  stain 
ceilings  and  walis.  In  churches,  bats  frequently  enter 
through  unscreened  belfry  louvers  and  leave  droppings  that 
are  plainly  visible  on  the  front  doorstep. 

Bats  inside  buildings.  Finding  one  or  two  bats  in  a 
building  is  probably  the  most  frequent  problem.  The  large 
brown  bat  accounts  for  most  of  these  sudden  appearances. 
Common  in  to./ns  and  cities,  it  often  enters  homes  through 
open  windows  or  ungrated  fireplaces.  These  bats  may  occur 
singly,  in  pairs,  or  in  small  groups.  If  chimneys  are  used  for 
summer  roosts,  the  young  may  fall  or  crawl  through  the 
damper  and  into  the  house  when  they  are  learning  to  fly. 
and  their  parents  may  follow.  Sometimes  one  or  more  bats 
may  appear  in  a  screened  room,  and  then  disappear  by 
crawling  under  a  door  crack.  In  the  latitude  of  New 
England,  the  big  brown  bat  frequently  hibernates  in  houses, 
getting  entrance  through  crevices  between  the  outer  wall 
and  the  chimney,  by  a  crack  around  a  window,  or  through 
holes  between  loose  boards  or  bricks.  These  bats  may 
suddenly  appear  in  midwinter  during  a  warm  weather  spell 
and  fly  about  the  building.  Migratory  bats  occasionally 
enter  buildings  overnight  during  their  spring  and  fall 
migrations.  A  bat  will  usually  fmd  the  way  out  by 
following  fresh  air;  so  the  simplest  way  to  get  rid  of  the  bat 
is  to  open  all  outside  windows  and  doors.  If  it  is  still  there  at 
nightfall,  tumoff  the  lights  to  help  it  find  open  w  indows  and 
doors  (instead,  it  may  try  to  hide)  behind  drapes,  curtains, 
or  wall  hangings).  Bats  usually  will  not  attack  a  person 
even  when  they're  being  chased.  If  the  bat  refuses  to  leave, 
catch  it  in  a  net,  small  box,  can,  or  a  gloved  hand  and 
release  it  outside. 

Most  bats  can  squeeze  through  surprisingly  narrow  slits 
and  cracks;  the  small  ones  can  pass  through  a  hole  the  size 
of  a  dime.  The  little  brown  bat  can  enter  a  space  5/8  by  7/8 
in;  the  large  brown  bat  can  squeeze  through  an  opening  1  Va 
by  1/2  in.  Attractive  openings  are  found  in  old  frame 
structures  where  boards  shrink,  waip,  or  become  loosened. 
Bats  commonly  enter  buildings  under  the  eaves,  where  gaps 
may  develop.  They  are  most  often  found  in  attics,  between 
roofs  and  ceilings  or  roof  spaces;  in  cornices,  fascias,  or 
other  crevices  around  the  roof;  in  walls,  in  chimneys, 
around  drainpipes;  behind  rafters  and  sheathing  in  open 
bams;  between  a  window  and  screen,  and  occasionally  in 
crawl  spaces.  Depending  on  the  size  of  the  space  and  on  the 
species,  bats  will  be  found  singly,  in  small  groups,  or  in 
colonies  of  hundreds  and  occasionally  thousands. 

GuanOy  urine,  odor,  and  ectoparasites.  Bat  guano  and 
urine  accumulating  in  attics  and  wall  spaces  attract 
arthropods  such  as  roaches  and  mites.  The  accompanying 
odor  can  be  pungent  but  not  dangerous.  Bat  ectoparasites, 
such  as  ticks,  mites,  fleas,  and  bugs,  rarely  attack  humans. 
They  are  most  likely  to  cause  a  nuisance  after  a  house  has 


been  batproofed.  thereby  ridding  the  edifice  of  bats  but 
leaving  aithropods.  Arthropod  problems  are  unlikely  except 
in  large,  well-established  bat  colonies  where  fumigation 
may  be  appropriate.  Ectoparasites  quickly  die  in  the 
absence  of  bats. 

Bats  outside  buildings.  Some  bats  temporarily  roost 
behind  shutters;  under  wood  shingle  siding  and  rooting, 
roof  gutters,  awnings,  and  trim  with  overhang,  under  loose 
chimney  or  roof  flashing  and  in  open  garages;  on  patios, 
pi^rches,  breeze  ways,  open  livestock  shelters;  and  under 
sheets  of  tarpaper.  Shutters  on  brick  houses  are  especially 
attractive  as  day  ruosts  for  transient  bats  in  migration  and 
for  males  that  frequently  take  refuge  behind  shutters  during 
the  nursing  season.  In  exceptionally  hot  weather, 
individuals  may  abandon  an  attic  and  reside  behind 
shutters.  Big  brown  bats  are  partial  to  nv^sting  behind  the 
trim  below  roofs  of  houses.  Unusual  roosting'  areas  include 
sewers,  wells,  and  graveyard  crypts.  Bats  also  will  fly 
around  swimming  pools,  from  which  they  may  drink  or 
catch  insects  attracted  to  water.  Street  and  porch  lights 
attract  flying  insects  which,  in  turn,  attract  bats. 

Exercises  (A24): 

1.   How  do  people  often  force  bats  into  buildings  and 
other  structures? 


2.   How  is  the  presence  of  bats  in  a  building  often 
revealed? 


3.   Under    what    conditions    may    big    brown  bats 
occasionally  appear  in  a  building  in  midwinter? 


4.   How  many  bats  are  usually  associated  with  problems 
within  a  building? 


5.   How  do  openings  to  buildings  become  available  to 
bats? 


6.  How  may  arthropods  become  a  problem  in  association 
with  bats? 


7.   How  are  shutters  on  brick  buildings  attractive  to  bats? 


A25.  Match  types  of  bats  with  their  characteristics. 

Species  of  Bats  Causing  Problems.  Among  the  40 
species  of  bats  in  the  United  States,  only  a  tew  cause 
problems  in  buildings.  The  most  common  house  bats 
congregating  in  groups  are  called  colonial  bats.  Other 
species  live  a  secluded  existence  and  are  known  as  solitary 
bats.  The  three  species  of  colonial  bats  people  see  most 
often  are  the  little  brown  bat.  big  brown  bat.  and  nicxican 
free-tailed  bat. 

The  little  brown  bat  (Myoris  lucifugus,  fig.  3-4),  is  one  o[ 
the  most  abundant  species,  often  forming  nursery  colonies 
in  buildings  during  the  summer.  Adults  and  young  vacate 
the  buildings  in  the  fall  to  hibernate  in  caves  and  mines. 
Colonies  may  be  as  large  as  2000,  They  have  a  wingspan  of 
8.9  to  10.8  inches.  Their  fur  is  dense,  fine,  and  glossy. 
There  are  many  species  of  small  brown  bats,  but  this  is  the 
one  most  often  found  in  buildings. 

The  big  brown  bat  (Eptesicus  fuscus,  fig.  3-5)  is 
undoubtedly  the  most  familiar  to  humans  and  the  only 
species  for  which  buildings  are  ideal  for  both  raising  young 
and  hibernating.  Colonics  are  small,  ranging  from  12  to 
200.  This  is  one  of  the  largest  bats  commonly  found  in 
buildings:  they  have  a  wingspan  of  13-14  inches.  Most 
adults  are  copper  colored,  but  may  vary  from  light  to  dark 
brown.  Each  hair  is  bicolored — the  basal  half  being  almost 
black  and  the  outer  half  brown. 

The  mexican  free-tailed  bat  (Tadarida  hrasiliensis,  fig, 
3-6)  is  the  most  colonial  of  all  bats.  Its  habits  vary  in 


Figure  3^.  Little  brown  bat  {Myotis  lucifugus), 
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Figure  3-5.  Big  brown  bat  {Eptesicus fuscus). 


Figure  3-6,  Mexican  free-tailed  bat  (Tadarida  brasiliensis). 


different  parts  of  the  country.  Primarily  a  cave  dweller  in 
the  Southwest,  a  colony  may  include  thousands  of 
individuals.  In  Florida  this  bat  never  enters  caves,  and 
thousands  have  been  found  in  a  single  building.  Some 
populations  migrate  1000  miles  to  overwinter  in  Mexico, 
while  others  are  year-round  residents.  This  is  a  rather  small 
bat  with  long,  narrow  wings.  Its  wingspan  is  11.3  to  13 
inches.  The  body  and  membrane  are  dark  brown.  Some 
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individuals  are  dark  gray  or  pale  brown  due  to  bleaching  by 
ammonia  fumes  from  guano  deposits. 

Solitary  bats  live  alone  in  tree  foliage  or  under  bark,  bul 
never  in  caves.  The  red  bat  {Lasiurus  horealis),  the  hoary 
bat  {Lasiurus  cinereus),  and  the  silverhaired  bat 
(Lasionycteris  noctivaf^ans)  may  occasionally  enler 
buildings  during  spring  and  fall  migrations  as  transients  but 
do  not  permanently  roost  in  buildings. 

Exercises  (A2S): 

Identify  each  of  these  as  a  little  brown  bat.  big  brown  bat. 
mexican  free-tailed  bat,  or  solitary  bat. 

  1,  These   are   rather  smali   bats  with  long. 

narrow  wings. 

 2.  These  bats  have  dense,  fine,  glossy  fur  and  a 

wingspan  of  8.9  lo  10.8  inches. 

  3.  These  bats  may  migrate  up  to  1000  miles  to 

overwinter  in  central  America. 

 4.  These  bats  often  use  buildings  for  both 

hibernation  and  for  raising  their  young, 

  5.  Adults  of  these  bats  often  have  coppery- 
colored  fur  and  each  hair  is  bicolored.  the 
outer  half  being  lighter  than  the  basal  half. 

  6.  These  bats  may  occasionally  enter  buildings 

during  migration,  bu'.  don't  permanently 
roost  there. 

  7.  This  is  one  of  the  most  abundant  species  of 

bats;  they  often  form  colonies  in  buildings  in 
summer  months. 


A26.  Verify  or  correct  statements  about  bat  control 
measures. 

Management  Techniques  for  Bats.  Many  approaches  to 
bat  management  have  been  tried  in  the  past,  with  varying 
degrees  of  success.  For  example,  DDT  is  highly  effective 
against  bats,  but  the  environmental  effects  of  it's  longevity, 
and  its  progression  up  the  food  chain  make  it  a  poor  control 
method. 

In  this  lesson,  we'll  focus  on  permanent,  nonchemical 
controls  for  bats,  as  well  as  how  you  as  a  pest  manager  may 
use  repellents  for  temporary  control  of  bats  in  structures, 

Batproofing.  Unlike  rodents,  bats  will  not  gnaw  their 
way  through  wood  or  building  materials.  Soft  materials 
such  as  insulation  batting  can  be  easily  attached  to  a 
building  with  a  heavy-duty  staple  gun.  Effective  materials 
are  those  used  in  caulking,  flashing,  screening,  and 
insulation,  Weatherstripping,  stainless  steel  wool,  or 
stainless  steel  rustproof  scouring  pads  will  block  long, 
narrow  cracks. 

Caulking.  Cracks  and  crevices  develop  in  a  structure  as  it 
ages,  and  bats  will  take  advantage  of  these  openings. 
Caulking  will  seal  the  openings.  There  are  various  caulks 
which  may  be  applied  with  a  caulking  gun.  Latex,  butyl, 
and  acrylic  have  a  durability  of  about  5  years  and  can  be 
painted.  Houses  may  need  to  be  caulked  in  these  places: 


a.   Between  window  drip  caps  (tops  of  windows)  and 
siding. 

h.  Between  door  drip  caps  and  siding. 

c\  At  joints  between  window  frames  and  siding, 

(/.  At  joints  between  door  frames  and  siding. 

t\  Between  window  sills  and  siding. 

/*.  At  corners  formed  by  siding. 

At  sills  where  wood  structure  meets  the  foundatioii, 

h.  Outside  water  faucets,  or  other  special  breaks  in  the 
outside  house  surface. 

/.  Where  pipes  and  wires  penetrate  the  ceiling  below  an 
unheated  attic. 

j.  Between  porches  and  the  main  body  of  the  house. 

A:.  Where  chimney  or  masonry  meets  siding, 

/  Where  storm  windows  meet  the  window  frame  (except 
for  drain  holes  at  window  sills), 

w.  Where  the  wall  meets  the  eave  at  the  gable  ends  of  a 
heated  attic, 

Weatherstripping.  When  bats  crawl  under  doors,  the 
space  between  the  floor  and  the  door  bottom  may  be  sealed 
with  weatherstripping,  a  draft  shield,  or  a  gap  stopper.  A 
sand  snake,  like  those  used  for  inplace  fumigation,  is  a 
simple  draft  excluder  for  the  bottom  of  seldom-used  doors. 
It's  simply  pushed  against  the  crack  at  the  bottom  of  the 
door. 

Screening,  Where  screening  is  necessary,  the  openings 
must  be  small  enough  to  prevent  the  access  of  bats.  Steel 
hardware  cloth  should  have  a  1/4-in  mesh  with  three  meshes 
or  more  to  the  inch.  Hardware  cloth  for  ventilators  should 
be  8  X  8  mesh.  Inlet  and  outlet  ventilators  should  be 
properly  installed.  The  type  of  ventilator  used,  its  location 
in  the  building,  and  the  direction  of  prevailing  air  currents 
may  be  important  factors  because  buildings  of  identical 
design,  bul  different  orientation,  vary  in  their  attractiveness 
to  bats.  Many  ventilators  are  made  with  metal  louvers  and 
frames;  others  are  custom  made  of  wood  to  match  the  house 
design  (fig,  3-7), 

The  soffit  (the  underside  of  an  overhanging  cornice) 
usually  has  ventilators  which  may  be  continuous,  round, 
single-framed,  or  the  soffit  itself  may  be  of  perforated 
hardboard.  Regardless  of  soffit  type,  the  slots  should  not 
exceed  1/4  x  1  in. 

Bats  may  use  an  unused  or  old  chimney  because  its  rough 
surfaces  offer  suitable  places  to  hang.  To  keep  bats  from 
entering  chimneys,  install  spark  arresters  or  bird  screens  of 
rust-resistant  material.  They  should  completely  enclose  the 
flue  discharge  area  and  be  securely  fastened  to  the  top  of  the 
chimney.  When  dampers  aren't  in  use,  they  should  be 
closed. 

Insulation.  Insulation  repels  bats  by  filling  the  roof  and 
wall  spaces  they  formerly  occupied.  Insulation  materials 
include  fiberglass,  rock  wool,  cellulose,  urea-based  foam, 
urethane,  vermiculite,  perlite,  polystyrene,  and  extruded 
polystyrene  foam. 

Bat  repellents.  Our  occasional  need  for  properly  applied 
chemical  repellents  can  be  eclipsed  quickly  by  the  problems 
that  develop  if  the  chemicals  are  misapplied. 
Unfortunately,  we  must  usually  apply  liquid  repellents 
(most  sprays)  directly  on  the  bats  instead  of  painting  it  on 
surfaces  where  they  land.  This  causes  the  affected  bats  to  be 
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Figure  3-7,  Ventil.-^^^or  screening:  A,  triangular;  B.  cross  section:  C.  half 
circle:  D,  square;  E,  vertical;  soffit. 


grounded  (after  scattering,  for  miles  around  in  some  cases), 
presenting  a  far  worse  problem.  This  means  we  need  to 
deliver  fumes  rather  than  liquid  in  most  instances.  As  in 
plugging  access  holes,  we're  limited  to  late  summer  and 
early  fail  for  application;  otherwise,  young  flightless  ba«^^s 
may  be  flushed  (spring  through  midsummer),  or  lethargic 
bats  may  be  expelled  (late  fall  and  winter).  Properly 
controlled,  fumigation  may  be  indicated  in  some  expertly 
handled  instances.  In  the  vast  majority  of  cases,  chemical 
repellents  are  superfluous,  because  we  can  get  better  results 
by  plugging  accesses.  Moreover,  chemical  repellents  are 
only  temporarily  effective. 

Naphthalene,  Naphthalene  (crystals  or  flakes)  is  the  only 
chemical  registered  by  the  Environmental  Protection 
Agency  (EPA)  as  a  bat  repellent  for  indoor  roosts  (EPA 
registration  Number  462-19).  Naphthalene  should  be 
spread  on  the  floor  or  applied  between  the  walls,  using 
about  5  lb  for  2,000  cubic  feet  (should  treat  an  average 
attic).  As  the  crystals  or  flakes  vaporize,  bats  may  be 
repelled.  Heavier  dosages  may  dislodge  bats  in  broad 
daylight  within  a  few  minutes  after  introduction.  The  bats 
do  not  return  so  long  as  the  strong  odor  remains,  but  they 
will  return  when  it  dissipates.  If  necessary,  repeat  the 
application.  Napthalene  is  most  effective  in  confined  air 
spaces.  Humans  should  avoid  breathing  it,  and  people  who 
are  sensitive  to  it  should  avoid  all  contact. 
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Contact  Repellents,  Sticky  repellents,  such  a?.  t*odent 
glue  boards  and  sticky  bird  repellents,  have  been  used  in 
situations  where  roost  surfaces  and  bat  accesses  may  be 
coated.  The  glue  may  have  to  be  replenished  from  time  to 
time  as  dust  makes  it  lose  its  tackiness.  Compared  to  sealing 
access  routes,  sticky  deterrents  can  only  slightly  successful, 
because  bats  are  avoid  the  substances  and  because  traffic 
over  the  treated  su^'faces  will  usually  reduce  their 
effectiveness. 

Bat  toxicants.  Some  public  antipathy  to  bats,  L,:;pecially 
when  they  become  a  nuisance  in  houses,  derives  from 
phobias  based  upon  myths.  To  many  people,  bat  prejudice 
suggests  that  the  answer  to  problem  bat,  is  a  bat  toxicant, 
but  you  should  avoid  this  approach  for  several  reasons.  It's 
a  waste  of  time,  because  the  animals  usually  are  replaced 
promptly  by  other  bats.  It  wastes,  time  and  money  that 
should  be  spent  on  the  only  permanent  solution,  physical 
exclusion.  It's  not  for  disease  control,  because  the 
incidence  of  rabies  infection  is  extremely  low.  Bats  are 
valuable  in  insect  control.  Most  important,  toxins  such  as 
DDT  scatter  sick  bats  over  wide  geographic  areas  where 
people  and  pets  can  be  bitten  as  they  investigate  them. 

The  only  rational  reasons  for  using  a  bat  toxicant  are  if  all 
other  feasible  methods  have  been  tried  and  failed,  and  if  bat 
control  is  needed  for  a  real  public  health  emergency.  Under 
these  conditions,  fumigants  such  as  methyl  bromide, 
hydrocyanic  acid,  or  sulfuryl  fluoride  may  be  used.  These 
products  have  directions  for  fumigating  entire  buildings, 
but  they  aren't  currently  labeled  specifically  for  bat  control. 
Therefore,  you  should  contact  Federal,  State,  and  local 
officials  before  you  try  to  fumigate  infested  buildings. 

Exercises  (A26): 

Identify  the  following  statements  as  being  true  (T)  or  false 
(F),  Correct  any  false  statements, 

  1,  Unlike  rodents,  bats  will  not  gnaw  their  way 

through  wood  or  building  materials. 


2,  Long,  narrow  cracks  can  be  blocked  easily  and 
effectively  with  weatherstripping,  stainless  steel 
wool,  or  rustproof  scouring  pads. 


3,  Once  a  building  is  caulked  right,  the  caulking 
should  last  10-15  years. 


4.  Weatherstripping,  a  draft  shield,  or  a  gap  stopper 
is  suitable  for  blocking  cracks  where  chimney  or 
masonry  meets  siding. 
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5.  Sand  snakes  arc  saitabic  tor  sealing  the  bottoms  of 
seldom -used  doors. 


6.  Half-inch  mesh  hardware  cloth  is  needed  when 
this  material  is  used  to  seal  otT  openings  available 
to  bats. 


7.  Openings  in  soffits  should  not  exceed  P4  \  I  in. 


8.  Spark  arresters  or  bird  screens  are  effective  items 
for  preventing  bats  from  entering  chimneys. 


9,  Naphthalene  used  to  repel  bats  from  enclosed 
areas  should  be  applied  at  the  rate  of  5  lbs  per 
2000  cubic  feet. 


10,  The  most  important  reason  for  not  using  toxicants 
is  that  you  may  scatter  sick  bats  over  a  large  area 
where  people  or  pets  may  contact  them. 


3-3.  Skunks 

Skunks  are  of  social  and  economic  importance  because 
they  emit  nauseous  odors,  they  are  a  reservoir  for  rabies, 
they  destroy  lawns  and  turf  digging  for  insects,  they  kill 
poultry  and  birds,  and  they  harbor  ectoparasites.  Except  for 
that  they're  okay.  They  belong  to  the  weasel  family  and  are 
well-known  furbearers.  Being  a  frequent  subject  of  stories 
and  cartoons,  skunks  have  characteristics  and  habits  thai 
you  probably  know  even  if  you've  never  seen  the  animals  in 
the  wild.  Since  skunks  are  not  particularly  disturbed  by 
people's  presence  and  activities,  they  will  frequently  move 
in  from  their  native  habitat  and  take  up  residence  beneath 
buildings.  This  is  when  you're  generally  called  in, 

A27«  Cite  behavioral  and  physical  characteristics  of 
skunks* 

Behavioral  Characteristics.  Skunks  are  most  active 
after  dusk.  They  emerge  from  their  burrows  to  feed  on 
grubs  and  other  insects,  small  rodents,  garbage,  birds  and 
their  eggs,  fruits,  and  berries.  In  searching  for  grubs,  they 
may  uproot  turf  in  lawns  and  golf  courses.  If  it's 
approached,  the  skunk  may  eject  its  musk  several  feet.  If  a 
skunk  is  aggressive,  stay  clear,  because  it  may  be  rabid, 
(This  isn't  to  suggest  that  you  try  to  shake  hands  if  it  isn't 
aggressive.  Let's  face  it — skunk  control  is  no  bed  of  roses, 
but  somebody  has  to  do  it,) 


Of  the  five  species  of  skunks  found  in  this  country,  only 
three  are  of  widespread  economic  or  public  health 
importance:  the  striped  skunk  and  the  western  and  eastern 
spotted  skunks.  The  hooded  and  hog-nosed  skunks  may  be 
local  pests. 

The  striped  skunk  is  found  throughout  the  country  except 
in  the  desert  areas  of  the  Southwest,  The  western  and 
eastern  spotted  skunks  live  througluuit  about  three-quarters 
of  the  country,  being  absent  along  most  of  the  Easteni 
Seaboard,  the  Northeastern  States,  and  the  region  around 
the  Great  Lakes,  Hooded  and  hog-nosed  skunks  are 
confined  primarily  to  areas  o*  the  Southwest  and  southward 
into  Mexico,  Their  biology  and  habits  don't  vary  much 
from  those  of  the  more  widely  distributed  skunks.  The 
problems  are  solved  the  same  way. 

Physical  Characteristics.  The  striped  skunk  is  about  the 
size  of  an  adult  house  cat,  and  its  fur  is  mostly  black  with 
white  on  the  top  of  the  head  and  neck.  In  most  animals  the 
white  extends  posteriorly,  usually  separating  into  two  white 
stripes.  All-black  or  nearly  all-black  individuals  are 
sometimes  seen. 

Spotted  skunks,  as  their  name  implies,  are  black  with 
v^hite  spots  or  short  streaks  of  white.  They  are  smaller  than 
the  striped  skunk  and  about  half  the  size  of  a  house  cat. 
They  are  found  in  a  variety  of  habitats,  including  brushy 
areas,  stream  beds,  rocky  outcrops,  road  culverts,  industrial 
yards  lairal  homes  and*  farm-yards,  and  suburban  areas 
within  about  1/2  mile  of  their  natural  habitat. 

Although  they  occasionally  dig  dens  in  a  fresh-cut  bank, 
their  dens  are  most  often  enlargements  of  burrows  of  other 
animals,  rock  piles  or  outcroppings,  hollow  logs,  or  even 
tree  holes.  When  no  natural  sites  are  available,  they  may 
establish  their  dens  beneath  a  house  or  other  building  if  they 
can  gain  access.  More  than  one  family  may  occupy  a  den, 
but  this  is  not  common.  Spotted  skunks  are  much  better 
climbers  than  striped  skunks,  so  they  are  more  likely  to 
enter  open  unscreened  windows  or  other  openings  of  a 
house.  Skunks  can  eject  their  * 'perfume"  6  to  10  feet 
against  the  wind  (striped  skunks  have  the  greatest  range). 
The  Secretion  is  acrid  enough  to  cause  nausea,  and  it  can 
produce  severe  burning  or  temporary  blindness  if  it  strikes 
the  eyes. 

The  odor  may  be  strong  or  only  faintly  evident  at  the 
dens.  Occupied  dens  will  often  show  signs  of  fresh  digging, 
at  least  in  the  spring.  Droppings  will  be  evident  and  usually 
contain  numerous  insect  fragments.  Hair  and  rub  marks  also 
can  be  found. 

Since  skunks  are  nocturnal,  they  may  go  unnoticed  until 
they  take  up  occupancy  under  a  building  or  confront  some 
animal  that  disturbs  them  enough  to  use  their  scent.  There  is 
sometimes  a  faint  lingering  skunk  odor  where  skunks  have 
fed  or  traveled,  even  though  they  have  not  sprayed  the  area. 

Exercises  (A27): 
1 ,  What  do  skunks  eat? 
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2,   What  three  skunks  are  most  widespread? 


3.   V/hat  is  the  range  of  the  striped  skunk  within  the  I'.S.? 


4,   What  does  the  striped  skunk  look  like? 


5,   What  kinds  of  habitat  do  spotted  skunks  tvpicallv 
have? 


6.   Where  do  skunks  typically  set  up  iheir  dens? 


A28.  State  how  to  control  skunks  and  their  odors. 

Skunk  Control  by  Re  loval  and  Management 
(SCRAM).  This  acronym  may  be  your  first  response  to  a 
skunk  control  situation,  but — properly  conducted — skunk 
control  doesn't  have  to  be  a  dangerous  job.  As  furbearers, 
skunks  are  harvested  seasonally  in  some  states,  so  check 
with  local  fish  and  game  officials  belbre  you  try  reduction. 
Legal  provisions  normally  let  us  remove  skunks  where 
there's  a  health  threat  or  damage.  The  best  long-term 
solution  to  skunk  problems  beneath  buildings  is  to  screen  or 
block  them  out.  Seal  all  spaces  beneath  porches  and  stairs 
and  all  entrances  or  openings  in  building  foundations. 

Once  skunks  have  made  their  home  under  a  building,  the 
problem  is  a  little  harder,  for  you  have  to  be  sure  they're 
gone  before  you  close  ih^  entrance.  You  can  do  this  by 
closing  off  all  but  one  entrance  and  then  sprinkling  a 
smooth  layer  of  flour,  about  1/8-inch  thick,  on  the  ground  at 
the  open  entrance  to  form  a  tracking  patch.  Then  examine 
the  area  for  skunk  tracks  soon  after  dark.  When  tracks  only 
lead  out  of  the  entrance,  the  opening  usually  can  be  safely 
closed  off. 

If  you  don't  know  how  may  skunks  there  are,  you  can 
hang  a  section  of  1/2-inch  hardware  cloth  over  the  opening, 
hinged  at  the  top  and  left  loose  on  the  other  three  sides.  It 
must  be  larger  than  the  opening,  so  that  it  can't  swing 
inward.  The  skunks  will  push  it  to  leave,  but  they  can't  get 
back  in.  A  pound  or  two  paradichlorobenzene  (PDB)  or 
naphthalene  crystals  divided  into  four  to  six  equal  parts  and 
placed  under  the  infested  building  away  from  the  entrance; 
this  sometimes  drives  skunks  out.  It  will  keep  them  out  if 
it's  replenished  occasionally.  Vapori  from  ordinary 
household  ammonia  in  shallow,  open-top  containers  may 
do  the  job.  Placing  several  floodlights  across  the  room  (or 
crawl  space)  from  the  skunks'  normal  entrance  sometimes 
drives  them  out. 

Live-catch  box-type  traps  of  wood,  sheet  metal,  or  wire 
mesh  probably  offer  the  best  short-tt  m  method  of 
removing  skunks  from  beneath  or  arojnd  buildings.  The 


traps  should  be  about  10  x  K)  x  30  inches  or  slightly  larger. 
Place  them  where  the  animals  are  entering  the  building  or  in 
trails  they  are  known  to  use.  Bait  can  be  fish  (canned  or 
fresh),  fish-fiavored  cat  food,  raw  or  cooked  bacon,  or 
cnicken  parts.  When  you  trap  a  skunk,  approach  it  from 
behind  and  throw  a  cloth  over  the  cage.  Since  a  skunk  isn't 
afraid  of  what  it  can't  see.  .his  might  keep  you  from 
suddenly  becoming  less  popular  with  friends.  You  can  use 
chloroform,  carbon  monoxide,  or  carbc^n  dioxide — orjust 
hold  the  trap  under  what  to  kill  the  skunk.  Because  of  the 
potential  for  spreading  rabies,  we  normally  don't  release 
trapped  skunks. 

Since  an  infestation  oeneath  or  around  buildings 
normally  involve;  only  a  few  skunks.  trappi;]g  is  the  best 
control.  In  years  past,  however,  skunks  were  occasionally 
controlled  with  acute  poisons  such  as  stiychnino. 
panicularly  where  a  rabies  epidemic  was  involved  in  rural 
areas.  Today,  rarely  does  the  situation  warrant  any 
toxicants  for  skunks  beneath  or  around  urban  or  occupied 
buildings. 

Personal  and  Pet  Deodorizing.  A  chemical  called 
neutroieum-alpha  is  probably  one  of  the  most  useful  odor 
neuiraiizers  available  for  getting  rid  of  the  unpleasant  odor 
ot  a  skunk  scent.  About  a  tablespoon  of  the  water-soluble 
form  in  a  water  bath  will  decontaminate  dogs  and  humans. 
It  also  can  be  used  to  scrub  basements,  garages,  floors, 
walls,  outdoor  furniture,  and  other  surfaces.  At  a  higher 
concentration  (two  ounces  to  one  gallon  of  water),  it  can  be 
sprayed  on  the  soil  in  a  coniammaied  area.  It  is  unfortunate 
that  neutroleum-alpha  is  not  alv/ays  readily  available  when 
needed.  If  you're  involved  with  skunk  control  keep  some  on 
hand.  You  may  find  the  only  local  source  to  be  a  hospital  or 
supply  house,  Neutroleum-alpha  is  used  in  a  variety  of 
deodorizing  products.  As  a  last  resort,  liberal  applications 
of  canned  tomato  juice  can  be  used  on  contaminated  dogs. 

Exercises  (A28): 

1,  Why  should  you  check  with  local  fish  and  game 
officials  before  starting  a  reduction  program  for 
skunks? 


2.  What's  the  best  way  to  keep  skunks  out  of  a  building? 


3,   How  can  you  exclude  them  afaier  they're  under  the 
house? 


4.   How  might  you  do  it  with  PDB  or  naphthalene? 


5.   Where  should  yo*  ^.ci  box  traps  for  skunks,  and  with 
what  do  you  bair  them? 
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6,  Why  don't  we  release  trapped  skunks? 


7,  What  dilutions  of  neutroleum-alpha  can  be  used  to 
deodorize  people,  pets,  and  contaminated  soil? 


3-4.  Moles 

Mole  burrows  may  caa5»e  a  great  amount  of  damage  to 
lawns,  gardens,  golf  courses,  and  other  turf  areas.  Moles 
damage  ornamental  plants  by  destroying  plant  roots  they 
search  for  earthworms  and  insect  larvae.  In  this  section, 
you'll  study  mole,  recognition  characteristics,  biology,  and 
control  techniques. 

A29.  State  the  importance,  physicafi  features,  and 
biology  of  moles. 

Importance  of  Moles.  Moles  belong  to  the  order 
Insectivora,  family  Talpidae.  Their  general  distribution 
seems  to  depend  largely  on  uln;ospheric  humidity  and  the 
resulting  condition  of  the  soil.  Tney  are  absent  altogether 
from  arid  regions,  and  where  th^  prairies  of  the  Middle 
West  merge  gradually  into  the  Plams,  they  live  only  along 
watercourses.  In  these  regions  the  ground  is  too  dry  and 
hard  during  most  of  the  year  to  support  the  earthworms  and 
insect  larvae  upon  which  the  mole  depends  for  food.  In  the 
East,  moles  are  most  abundant  in  moist,  rich  soils  along 
streams,  particularly  if  these  places  are  somewhat  shaded. 
In  the  cooler,  more  uniform  climate  of  the  Pacific 
Northwest,  they  are  plentiful  anywhere  in  the  well-watered 
valleys. 

Moles  often  disfigure  lawns,  damage  golf  courses,  and 
ruin  seedbeds  in  gardens  and  nurseries.  They  cause  damage 
in  cornfields,  gardens,  and  flowerbeds  by  eating  seed  com 
and  plant  roots  and  also  by  traveling  along  the  rows, 
heaving  the  plants  out  of  the  ground,  and  thus  causing 
heavy  crop  losses.  Mounds  raised  by  moles  in  hayfields 
break  or  quickly  dull  the  knives  of  the  mower  cutter  bar  or 
else  necessitate  raising  the  bar  so  much  as  to  reduce  the 
crop. 

The  mole  is  also  a  potential  carrier  of  plant  pests  and 
diseases,  and  it  may  seriously  increase  their  damage  by 
scratching  or  eating  infected  bulbs  or  roots  and  then  going 
to  healthy  plants.  Moles  spread  such  disease  organisms  as 
the  mosaic  virus  and  other  bacteria  or  spores,  as  well  as 
injurious  nematodes.  One  mole  can  easily  travel  about  100 
yards  a  day  through  loose  soil. 

Biology  of  Moles.  So  seldom  is  the  mole  seen,  even  by 
those  familiar  with  its  work,  that  it  is  often  confused  with 
other  small  creatures,  particularly  the  shrew,  the  mole  (or 
meadow  mouse),  and  the  pocket  gopher.  You  can  readily 
distinguish  the  mole  from  the  pocket  gopher  by  the  absence 
of  cheek  pouches  and  by  its  less  conspicious  eyes.  The  mole 
is  not  a  rodent,  and  it  can  be  readily  distinguished  from  any 
of  this  order  and  from  the  shrew  by  its  short,  stout,  front 
limbs  ending  in  broad,  rounded  hands  with  strong  claws  and 


with  palms  turned  outward.  It  has  a  rather  elongated  body, 
close,  plushlike  fur,  a  pointed  snout  and  a  short  tail. 

Neither  external  eyes  nor  ears  are  ordinarily  in  evidence. 
If  it's  not  totally  blind,  the  common  mole  of  the  Eastern 
United  States  can  at  best  mciely  distinguish  between  light 
and  darkness,  as  its  organs  of  sight  lie  wholly  beneath  the 
skin.  The  degeneration  of  these  organs  has  apparently  not 
proceeded  so  far  in  Townsend's  mole  (the  largest  niole  on 
the  continent),  which  usually  opens  its  eyes  when  annoyed 
by  an  observer.  The  eyes  of  the  star-nosed  mole  also  are 
readily  discernible.  The  mole  lives  mostly  underground.  Its 
experences  come  through  its  sensitive  touch,  acute 
hearing,  and  highly  developed  stkise  of  smell.  While  the 
animal  is  seldom  seen  above  ground,  it  sometimes  ventures 
out  its  tunnels,  chiefly  at  night. 

When  a  mole  is  living  in  lawns,  gardens,  or  fields, 
telltale  ridges  or  conspicuous  mounds  of  earth  plainly 
indicate  its  runways.  The  ridges  show  the  direction  and 
course  of  the  animafs  hunting  paths,  which  are  so  close  to 
the  sun'ace  that  the  sod  or  the  soil  crust  is  raised.  The 
mounds  indicate  deeper  tunneling.  Such  mounds  thickly  dot 
the  mole-infested  area  of  the  Pacific  Coast,  They  are  much 
rarer  in  the  habitat  of  the  common  eastern  species,  but  the 
star-nosed  mole  regularly  uses  this  method  to  dispose  of  dirt 
from  its  tunnels.  The  number  of  mounds  or  ridges  in  a  field 
does  not  indicate  the  number  of  moles.  One  Townsend's 
mole,  for  instance,  in  77  dayc  made  302  mounds  on  a 
quarter-acre  field. 

The  mounds  of  Townsend's  and  other  moles  of  the  West 
Coast  resemble  superficially  the  earth  hc«ps  thrown  up  by 
pocket  gophers,  but  usually  they  can  be  distinguished.  The 
mole  heaps  are  the  more  rounded  and  symmetrical  and  are 
built  up,  volcano  fashion,  by  successive  upheavals  t^eneath 
and  through  the  center  of  the  pile.  The  soil  that  is  thus 
excavated  rolls  down  the  sides  from  the  summit.  The  pocket 
gopher,  on  the  other  hand,  brings  up  the  soil  excavated  in 
its  workings  and  dumps  it  on  the  surface  in  armfuls,  thus 
forming  low,  semicircular  or  fan-shaped  accumulations  of 
fine  dirt  more  or  less  to  one  side  of  the  burrow  exit. 

The  more  permanent  tunnels  of  the  mole  commonly  ruM 
along  fences,  hedges,  walks,  plant  rows,  and  ridges  of  open 
fields,  where  the  mole  has  some  concealment  or  shelter. 
These  burrows  vary  in  depth  from  only  1  or  2  inches  to 
levels  beneath  the  reach  of  the  plow.  They  constitute  a 
labyrinth  of  runways,  apparently  constructed  with  no 
definite  plan  and  including  here  and  there  an  enlargement. 

A  mole's  appetite  sc,;ms  to  be  almost  insatiable.  Held  in 
captivity  and  given  food  to  its  liking,  one  will  sometimes 
eat  mo,re  than  its  weight  in  a  day.  The  large  quantity  of  food 
thus  required  is  no  doubt  due  to  the  intensely  active  life  the 
little  animal  leads.  Few  other  mammals  are  relatively  as 
strong  or  do  as  much  hard  work  in  a  day.  The  mole's  food 
generally  consists  of  adult  insects  and  their  larvae  and 
earthworms.  For  the  common  eastern  mole,  earthworms 
and  white  grubs  constitute  the  bulk  of  the  food.  Beetles  and 
larvae,  other  ground-inhabiting  insects  and  their  cocoons 
and  puparia,  spiders,  centipedes,  and  some  vegetable 
matter  are  also  in  the  eastern  mole's  diet,  Townsend's  mole 
lives  largely  on  earthworms  and  larval  and  adult  insects,  but 
it  takes  considerably  more  vegetable  matter  than  the  eastern 
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mole.  As  the  mole's  short  teeth  arc  not  well  suited 
gnawing,  damaged  roots  are  mangled  but  not  cut  clean. 

Moles  probably  never  become  dormant,  but  they  dig 
runways  mainly  when  soil  conditions  arc  favorable — after 
rriips  in  summer  or  during  periods  of  thaw  in  winter.  At 
other  times  they  search  for  food  in  their  old  runs  or  work  at 
depths  and  places  unaffected  by  frost  or  drought. 
Movements  of  soil-inhabiting  worms  and  insects,  including 
larvae,  tend  to  bring  fresh  supplies  of  food  into  these 
tunnels. 

Contrary  to  popular  opinion,  moles  are  slow  breeders. 
Since  their  life  of  seclusion  shelters  them  from  many 
dangers,  they  can  maintain  their  normal  numbers  without  a 
rapid  rate  of  increase.  Moles  grow  and  develop  with 
surprising  rapidity.  For  example,  in  the  Northwest,  most  of 
the  young  are  bom  in  the  latter  half  of  March  and  the  first 
half  of  April,  spend  about  a  month  in  the  nests,  and  early  in 
June  are  so  well  grown  as  not  ordinarily  to  be  distinguished 
from  the  parent  moles.  This  rapid  growth  accounts  for  the 
fact  that  small  young  moles  are  seldom  trapped.  By  the  time 
they  leave  the  home  nest  and  take  to  the  run^v'ays  for 
themselves,  they  already  have  attained  something  like  the 
size  and  proportions  of  adults. 

Exercises  (A29): 

1.  The  general  distribution  of  moles  depend  largely  upon 

the  atmospheric  and  the  resulting  condition  of 

the  . 

2.  In  making  their  mounds  and  runways,  moles  often 
disfigure  damage  and  ruin  


to  8.  A  mole's  appetite  seems  to  be  almost  insatiable. 


9.  A  mole's  food  generally  consists  of  adult  insects 
and  their  larvae  and  carthwomis. 


3. 


in  gardens. 
The  mole  is  a  potential  carrier  of  plant 


Place  the  letter 
false  ones. 


'T"  before  the  true  statements.  Corr;;ct  any 


4. The  mole  is  a  rodent  short,  stout,  front  limbs 
ending  in  broad,  rounded  hands  with  strong  claws 
and  with  palms  turned  outward. 


5. If  it's  not  totally  blind,  the  common  mole  of  the 
eastern  part  of  the  United  States  can  at  best  merely 
distinguish  between  light  and  darkness. 


6. The  mole  lives  mostly  underground. 


7.  The  mounds  show  the  direction  and  course  of  the 
animal's  hunting  paths,  which  are  so  close  to  the 
surface  that  the  sod  or  the  soil  ciust  is  raised. 


10.  Moles  grow  and  develop  with  surprising  rapidity. 


A30.  State  how  to  control  moles. 

No  special  inspection  methods  apply  to  moles.  Their 
presence  is  evident  from  their  digging.  The  only  way  you 
can  take  a  population  survey  is  to  watch  them.  If  you  make 
an  opening  in  a  runway,  the  mole  will  repair  the  hole  the 
next  time  it  comes  that  way.  You  can  get  a  lot  of 
information  by  checking,  at  short  intervals  through  the  day, 
small  breaks  you've  made  in  a  number  of  ru.is.  You  are  as 
likely  to  find  moles  working  at  one  hov  of  the  day  or  night 
as  at  another,  especially  in  seasons  when  there  is  little 
variation  in  temperature. 

Mole  Control.  You  can  control  moles  by  limiting  their 
food;  by  trapping,  drowning  or  fumigating;  and  by  using 
repellents.  You  can  control  them  in  lawns  and  other  turf 
areas  effectively,  though  indirectly,  with  insecticides  that 
control  the  beetle  grubs  and  other  lawn  insects  they  eat. 
and  moles  are  not  affected  directly  by  the  insecticides  in  the 

dosages  used,  but  they  stay  out  of  the  area  because  of  the 
absence  of  food. 

Trapping  is  a  universally  applicable  and  satisfactory 
method  of  mole  control,  but  it  is  successful  only  if  you 
carefully  consider  the  habits  and  instincts  of  the  mole.  The 
suspicious  mole,  for  instance,  is  aroused  when  its  sensitive 
nose  encounters  anything  foreign  in  its  runway,  and  it  will 
immediately  back  up  and  burrow  around  or  under  an 
ordinary  trap  set  in  its  tunnel.  It  is  not  suspicious  of  dirt 
blocking  the  runway,  however,  as  burrows  are  often  closed 
by  farm  machinery  and  by  people  and  large  animals 
stepping  on  them.  The  mole  will  immediately  push  its  way 
into  such  a  dirt  blockade,  reopen  it,  and  continue  on  its 
way.  This  lets  us  use  a  trap  that  straddles,  encircles,  or  is 
held  suspended  above  the  runway,  with  its  trigger  pan 
resting  on  or  hidden  in  the  dirt  blockade.  The  unsuspecting 
mole  pushes  into  the  dirt  obstruction,  either  lifting  the 
trigger  pan  or  pushing  the  dirt  against  the  hidden  trigger  arm 
and  thus  releasing  the  trap  spring. 

Another  fundamental  condition  you  should  remember  is 
that  the  mole  is  sensitive  to  an  unnatural  environment. 
Never  tear  up  large  or  numerous  sections  of  the  mole 
burrow  trying  to  find  a  good  spot  for  a  trap.  Keep  in  mind 
that  a  poorly  set  trap  is  a  detour  sign  for  the  ever-suspicious 
mole.  Selecting  a  frequently  used  runway  for  a  trap  set  is  of 
prime  importance. 

East  of  the  Rocky  Mountains,  place  the  traps  in  the 
hunting  tunnels,  which  are  close  to  the  surface  and  are 
indicated  by  the  conspicious  ridges.  Since  these  surface 
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runways  are  made  for  the  priniar>'  purpose  ot*  finding  food, 
many  of  them  are  not  used  more  than  once.  Others, 
however,  serve  as  highways  and  are  used  regularly. 
Ordinarily,  a  runway  that  takes  a  straight  course  for  some 
distance  or  seemc  to  connect  two  systems  of  workings  will 
be  in  constant  use.  You  can  often  find  the  used  tunnels  by 
poking  a  small  hole  into  all  tunnels  in  the  area  and  noting 
later,  usually  within  a  few  hours,  which  ones  have  been 
closed.  In  large  fields  you  can  drive  a  vehicle  back  and  forth 
at  intervals  of  50  to  100  feet.  The  next  day  the  regularly 
used  runways  will  be  raised  again.  When  you  can  locate  the 
deeper  runs*  which  often  are  highways  used  by  many 
moles,  you  can  catch  a  number  of  moles  by  continued  use 
of  traps  in  the  same  place.  Such  deep  tunnels  are  usually  3 
to  12  inches  or  more  below  the  surface,  along  fence  lines  or 
ridges  in  open  fields,  or  at  cros-.ings  from  sodded  to 
cultivated  ground. 

In  such  cases,  a  large  field  can  be  treated  successfully  by 
setting  tiaps  along  the  fence  rows.  As  moles  are  active 
throughout  the  year,  they  may  be  trapped  at  any  season, 
although  it  is  not  practical  to  carry  on  operations  when  the 
ground  is  frozen  or  very  dry.  The  best  time  to  trap  is  when 
you  find  fresh  signs  of  mole  activity. 

The  large  moles  of  coastal  Washington,  Oregon,  and 
California  (Scapanus  spp.)  push  to  the  surface  numerous 
piles  of  earth  (mole  hills),  indicating  the  approximate 
location  of  the  deeper  burrows.  This  habit  lets  us  trap  them 
in  the  deeper,  main-traveled  tunnels.  To  locate  the  runway, 
use  a  probe  or  slender  metal  rod  3V2  or  4  feet  long  and  about 
3/8  inch  in  diameter,  such  as  an  end-gate  rod,  or  a  piece  of 
1/4-inch  gas  pipe.  Push  the  probe  into  the  soil  3  or  4  inches 
away  from  a  mound,  if  you  are  directly  over  the  runway, 
you  will  feel  a  sudden  give  as  the  rod  breaks  into  the  tunnel 
opening.  If  not,  move  the  rod  to  either  side,  probing  at  2- 
inch  intervals  around  the  mound  until  you  break  through 
into  the  runway.  You  can  probe  again  a  foot  or  so  from  the 
mound  to  determine  the  line  of  the  tunnel. 

Mole  traps  on  the  m.arket  are  either  the  gripping  type  or 
the  harpoon  type  (fig.  3-8  and  3-9).  Gripping  traps  come  in 
several   designs,   including   the   choker-loop  trap,  the 


Figure  3-9.  Harpoon  trap  (typi  al). 


scissors-jaw  trap,  and  the  diamond-jaw  trap.  All  are  about 
equally  effective.  The  harpoon  trap  is  more  popular  than 
gripper  traps  because  it  is  set  more  easily.  It  is  somewhat 
less  efficient,  though,  because  the  mole  may  escape  if  the 
prongs  don't  hit  a  vital  spot. 

To  use  the  harpoon  trap,  pack  down  the  runway  ridge 
with  your  foot  and  push  the  set  trap  (with  safety  catch  in 
place)  into  the  ground  so  that  the  trigger  pan  rests  snugly  in 
the  depressed  ridge  and  the  two  pointed  supports  straddle 
the  runway  evenly.  Then  release  the  safety  catch.  If  the 
ground  is  hard  or  gravelly,  spring  the  trap  once  to  m£ike  sure 
that  the  inpaling  spikes  or  prongs  easily  penetrate  into  the 
soil  for  their  full  length.  If  they  do,  reset  the  trap  without 
changing  its  position;  if  not,  select  a  new  place. 

To  set  a  gripper  trap,  use  a  garden  trowel  to  dig  a  trough 
across  the  burrow,  a  little  deeper  than  the  burrow,  and  just 
the  width  of  the  trap.  Note  the  exact  direction  of  the  tunnel, 
and  place  the  set  trap  so  that  its  jaws  evenly  straddle,  or  its 
loop  encircles,  this  line  of  course.  Then  block  the  excavated 
section  with  loose,  damp  soil  from  which  you  have 
removed  all  gravel  and  rubbish.  Pack  the  soil  firmly 
underneath  the  trigger  pan  with  your  fingers  and  set  the  trap 
so  that  the  trigger  rests  snugly  on  the  built-up  soil  (omit  this 
step  for  the  diamond-jaw  trap).  Finally,  fill  the  trap  hole 
with  enough  loose  dirt  to  cover  the  trap  level  with  the 
trigger  pan  and  to  exclude  all  light  from  the  mole  burrow. 
The  mole  in  forcing  its  way  through  the  soil  blockade  will 
be  certain  to  spring  the  trap.  Choker-loop  and  diamond-jaw 
traps,  both  of  the  gripper  type,  may  be  set  successfully  in 
loose,  meliow,  damp  soils  without  making  an  excavation  by 
following  the  method  described  for  setting  the  harpoon  trap. 
You  can  drown  out  the  moles  by  flooding  the  runways, 
especially  during  April,  when  the  young  are  most  likely  to 
be  trapped  in  the  nest.  Gassing  has  gotten  increased 
attention  in  recent  years,  since  the  development  of  highly 
toxic  and  easily  applied  compounds.  Calcium  cyanide  dust 


Figure  3-8,  Gripper  irap  for  moles  (typical), 
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injected  into  the  runway  may  destroy  the  moles  under 
certain  conditions  or  may  cause  them  to  avoid  the  gassed 
areas.  The  method  is  not  very  dependable,  and  the  cost 
often  is  greater  than  the  results  justify.  Aluminum 
phosphide  pellets  can  be  used  for  mole  control  the  same  as 
for  Tield  rodents  (Chapter  1). 

Repellents,  The  mole's  ability  to  avoid  poison  often 
makes  repellents  more  practical  in  small  restricted  areas  of 
lawns  or  gardens.  Lye,  PDB,  and  napthalcne  are  effective. 
Open  the  visible  mole  runways  with  your  finger  or  a  small 
stick.  Insert  a  teaspooiiful  of  o.lC  of  these  materials  and 
close  the  opening  carefully.  Make  applications  at  intervals 
of  8  to  10  feet  along  the  raised  runways  and  repeat  them 
whenever  sections  of  old  runways  show  signs  of  use  or 
when  new  ridges  appear.  Fencing  small  areas  with  woven 
wire  or  with  concrete  is  sometimes  practicable  to  protect 
valuable  plants. 


3.   What  does  a  successful  trapping  program  require  of 
you? 


4.   East  of  the  Rockies,  where  should  you  place  mole 
traps? 


5.    What's  the  best  time  to  trap  moles? 


6.   What  are  the  two  main  types  of  mole  traps? 


Exercises  (A30): 
] .   List  the  general  methods  of  mole  control . 


7.   What  fumigants  are  suitable  for  controlling  moles? 


2.   How  can  you  control  moles  in  lawns  a.  A  yards? 


8.   What  mole  repellents  can  you  apply  in  small  areas? 
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Answers  for  Exercises 


CHAPTER  I 


Reference: 


AOl 
AOl 

AOl 
AOl 
AOl 
AOl 
AOl 
AOl 
AOl 
AOl 


1. 

2. 

3, 
4. 
5, 
6, 
7. 
8. 
9, 
10 


A02  -  1 , 


A02 


A03 
A03 
A03 
A03 
A03 
A03 
A03 
A03 
A03 
A03 
A03 
A03 

A04  ■ 
A04  ' 
A04  ■ 
A04  ' 
A04 
A04  ■ 
A04  ■ 
A04  ■ 

AOS  -  1. 


Buildings;  food;  property. 

Fields,  grain  elevators,  processing  mills,  trucks,  trains,  and 
homes. 

Feces  and  urine;  feed;  human  consumption;  ftxxl. 
For  food  and  for  the  sake  of  killing. 
Concrete,  brick,  wood,  and  even  metal. 
Spontaneous  combustion;  nesting. 
The  rat  flea. 

Teeth  and  gum;  bite;  rat. 
House  mouse;  bite;  mouse. 
Worldwide. 

(1)  Longer  than  head  plus  body. 

(2)  Shorter  than  head  plus  body. 

(3)  Slender. 

(4)  Heavy,  thick. 

(5)  Large. 

(6)  Small, 

(7)  Large, 

(8)  Small, 

(9)  Pointed. 

(10)  Blunt. 

(11)  Larger. 

(12)  Smaller, 

(13)  Larger, 

(14)  Smaller. 

a.  House  mouse, 

b.  Norway  rat, 

c.  Roof  rat. 

T. 
F; 
F; 
T, 
T, 
F; 
T. 
F; 
T. 


A05  -  2,  Building  occupants  or  other  CE  sections,  depending  on  the 
severity  of  the  problem, 

A05  ~  3.  Vegetation  should  be  closely  cut;  lumber,  rock  piles,  rubbish, 
old  equipment,  construction  materials,  etc.,  must  be  eliminated; 
other  items  should  be  stored  at  least  18"  off  the  ground  and  12" 
away  from  walls  and  fences;  spaces  under  loading  docks, 
outside  storage  sheds,  etc.  must  be  blocked  off  so  no  rodents 
can  gain  entry;  old  rat  burrows  and  holes  should  be  filled  in 
with  dirt;  etc. 

AOS  -  4.  Make  sure  enough  ratproofmg  is  done  for  your  trapping  and 

baiting  programs  to  be  successful. 
AOS  -  5.  a.    If  they're  larger  than  1/4",  they  should  be  closed, 

b.  Cover  with  1/4"  mesh  hardware  cloth  or  other  suitable 
material, 

c.  Close  off  and,  if  possible,  limit  to  sizes  that  will  prevent 
passage  by  rats  and  mice. 

d.  Sheath  in  sheet  metal  to  prevent  gnawing. 

AOS  -  6,  Where  there  is  a  danger  of  contaminating  food  products  or 

harming  pets  or  children, 
AOS  -  7,  Every  20  feet  for  rats;  every  10  feet  for  mice, 
AOS  -  8,  Because  rats  are  often  attracted  to  traps  having  the  txlor  of  other 

rats  on  them. 

AOS  -  9,  If  the  trap  is  prc^perly  placed,  the  mouse  will  think  the  unbaited 
trap  is  just  one  more  thing  to  walk  over  and  won't  be  so 
suspicious. 

AOS  -  10.  They  are  safe,  nonpoisonous ,  easy  to  hide,  and  will  hold 
rodents  for  houn^;  but  customers  tend  to  dispose  of  them  after 
only  one  catch;  the  rodent's  slow  death  may  be  objectionable; 
rats  may  chew  off  a  leg  to  escape;  and  they  may  be  hard  to 
handle  and  service, 
1 1 ,  Put  them  in  bait  stations  to  protect  them. 


change  "father"  to  "mother," 
change  "dawn"  to  "dusk,  " 


10,  T. 

11,  F; 

12,  T. 


change  "4"  to  "2," 
change  "noisy"  to  "quiet," 

they  usually  start  a  little  after  sunset  each  day. 


T, 

T. 
T, 

F;  droppings  may  be  a  key, 

T. 

T. 

T, 

T, 

Because  eliminating  rodent  food,  water,  and  shelter  can  make 
the  difference  between  success  and  failure  in  controlling  them 
and  preventing  successful  reinfestions. 


AOS 
A06 

A06 
A06 

A06 
A06 
A06 
A06 


A06 
A06 
A06 

A06 
A06 


-  2 


3, 


-  4 


Norway  rats  like  meat  and  fish;  roof  rats  like  fruits  and 
vegetables;  and  house  mice  like  bacon,  sweets,  grains  or  seeds, 
and  peanut  butter. 

It  helps  you  learn  which  foods  rats  prefer,  how  many  bait 
stations  you  need  and  where  to  place  them. 
If  you  add  too  much  poison,  you  increase  the  danger  to  people 
and  other  animals,  and  you  may  decrease  acceptability  of  the 
bait  to  rodents.  Too  low  a  concentration  may  give  incomplete 
control. 

Apply  fiCsh  baits  in  the  late  afternoon  so  that  they  will  be  fresh 
at  dusk,  when  rodents  become  active, 

5.  Only  use  them  indoors  and  in  areas  not  readily  accessible  to  the 
public,  children,  and  nontarget  animals, 

6.  Single-dose  acute  poisons,  multiple-dose  anticoagulants,  and 
single-dose  anticoagulants. 

7.  Switch  to  single-dose  poisons  and/or  traps,  but  not  to  other 
multiple-dose  anticoagulants  or  to  increased  poison 
concentrations. 

8.  It's  effective  and  fast-acting,  and  it's  a  low- hazard  rodenticide, 

9.  Because  it's  very  fast  acting  and  hazardous. 

10.  Indoors  near  rodent  harborage,  burrows,  and  runs;  and  outside 
in  burro A's,  tunnels,  deep  into  holes,  or  in  covered  bait  stations. 

11.  After  2  days. 

12.  When  you  can  get  rid  of  most  or  all  other  water  sources. 
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A07  -  I.  T. 

A07  -  2.  F;  this  statement  applies  to  rice  and  cotton  rats 

>A07  -  3.  F;  this  applies  to  deer,  or  white-fwted.  mice. 

AO?  -  4.  T. 

A07  -  5.  T. 

AOS  -  I  Wood. 

AOS  -  2.  Cotton. 

AOS  -  3.  Pine. 

AOS  -  4.  Meadow. 

AOS  -  5.  Rice. 

AOS  ~  6.  White-footed  (deer). 

A09  -  I .  In  runways  near  burrow  openings  at  right  angles  to  the  paths  so 

the  mice  will  pass  over  the  trigger. 
A09  -  2.  Rolled  oats  breakfast,  cereal  or  nutmc3t5 
A09  -  3.  Where  strychnine  is  poorly  accepted. 
A09  -  4.   For  three  weeks  or  more  on  dry  bait  material. 
A09  -  5.  Fruits,  vegetables,  grains,  and  seeds  for  pine  and  meadow  mice: 

steamed  rolled  oats  or  wheat  for  deer  mice. 
A09  -  6.   Weather- resistant  anticoagulants. 

A09  -  7.  In  trails,  at  all  rock  outcrops,  along  stone  walls  and  drainage 
ditch  banks,  and  at  the  bases  of  trees  where  you  find  mouse 
trails  or  holes. 

A09  -  8.   Apply  2-^  round  tablets  or  IO-20  pellets  to  each  den  opening. 

AIO-I.   a.    Ground  squirrel  (OrW/M5). 

b.  Groundhog,  woodchuck.  marmot  {Marmota). 

c .  prairie  dog  ( Cynomys) . 


All 
All 
All 
All 
All 

A12  -  1. 
A12  -  2. 


A12  "  3. 


1.  T- 

"?  "y 

3-  T. 

4.  F;  change  "dry"  to  "damp." 

5.  T. 


A12 
A12 


A12  -  6. 


A12 


By  what  they  eat  and  by  the  abovegruund  mounds  they  create 
when  burrowing  and  foraging. 

They  have  long,  strong  limbs  and  strong  claws  adapted  for 

digging  and  fighting  and  relatively  sharp  incisors  for  digging 

with  lips  that  close  behind  the  teeth  to  keep  out  dirt. 

They  are  active  year  round,  but  are  least  active  during  the  spring 

mating  season. 

Trapping  and  poisoning. 

Because  traps  must  be  placed  and  secured  in  the  underground 
burrow. 

Because  of  the  extent  of  the  burrow  system,  the  chance  for 
leakage,  the  closeness  of  main  runs  to  the  soil  surface,  and  the 
gopher's  habit  of  closing  off  burrows  when  a  poisonous  gas  is 
detected. 

Mix  0.25  or  0.50  percent  strychnine  alkaloid  with  grains  such 
as  miloor  barley. 


CHAPTER  2 


A13  -  1.  Pest  bird. 

A13--2.  Bird  hazard. 

A13  -  3.  Bird  damage. 

A13  -  4.  Bird  management. 

A 1 3  -  5 .  Bird  damage  control . 

A13-6.  Bird  strike. 


A14-  1. 


a.  primaries. 

b.  Side. 

c.  Crown. 

d.  Forehead. 

e.  Lore. 

f.  Throat. 

g.  Breast. 

h.  Secondaries. 

i.  Flank. 

j.  Crissum. 

k.  Rump. 

1.  Back. 
Nape. 
Crown. 


p.  Chin, 
q.  Throat, 
r.  Breast, 
s.  Belly. 

AI4  -  2.  Primary  and  secondary  feathers. 
AI4  -  3.  Acts  as  a  brake  to  slow  flight. 
AI4  -  4.  Tearing  food  apart. 

AI5  -  I.  (I)  Histoplasmosis. 

(2)  Encephalitis. 

(3)  Psittacosis. 

(4)  Encephalitis. 

(5)  Histoplasmosis. 

(6)  Histoplasmosis. 

*  2.  P-irrot  fever  (psittacosis). 

-  3.  A  pivleclive  mask,  preferably  a  disposable  one. 

*  4.  Incineration. 

-  5.  Loss  of  lives  and  destruction  of  aircraft. 
■  6.  Engines  sitting  idle  for  repairs. 
'  7.  House  sparrows,  starlings,  pigeons,  etc. 


A15  " 
A15  - 
A15  " 
A15  ' 
A15 
A15  ' 

A16 
A16 
A16 
A16 
AI6 
AI6 

A16 

A16 
A16 
A16 
A16 
AI6 
A16 
AI6 
A16 
A16 
A16 

A17 


m. 
n. 


o.  Forehead. 


1.  True. 

2.  These  are  manmade  habitats. 

3.  Make  that  **birds  that  roost  in  large  flocks." 

4.  True. 
'  5.  True. 

6.  Sp>ecies  that  typically  roost  on  or  in  manmade  structures  are  of 
particular  concern  to  you . 

7.  Pigeons  roost  on  ledges,  rafters,  and  other  structures  that  give 
them  protection  from  harsh  weather  and  predators. 

5.  True. 

9.  They  vary  widely  with  these  factors. 

10.  True. 
-II.  It's  largely  insects  then. 

■  12.  True. 

-  13.  They  may  pose  a  major  strike  hazard. 

■  14.  True. 

■  15.  They  differ  in  learning  ability. 

-  16.  It*s  a  declining  response. 
17.  True. 

-  I.  (l)c. 

(2)  a. 

(3)  e. 

(4)  b. 

(5)  f. 

(6)  d. 

A 1 8  -  I .  When  the  problem  is  just  beginning  to  develop  or  even  before  it 
begins. 

A18  -  2.  Use  past  experience  and  good  documentation. 

A18  -  3.  Since  the  place  and  time  of  birds'  activity  affect  the  problem. 

you  must  find  out  what  the  birds  are  doing,  where  they  are 

doing  it,  and  when  they  are  doing  it. 
AIS  -  4.  Birds  seek  food,  water,  a  place  to  nest,  and  a  place  to  esca|>e 

their  enemies  or  avoid  harsh  weather,  and  we  thwart  them  by 

habitat  manipulation. 
A18  -  5.  To  maintai..  historical  data  on  i>est/ hazardous  bird  sf>ecies.  It 

will  help  you  in  identification  and  evaluation  of  p>est  problems 

so  that  you  may  decide  if  active  control  is  needed.  It  also  is 

useful  in  future  surveys.  Yop.  also  should  record  weather 

conditions  as  they  affect  bird  activities. 

A19  -  I.  If  your  inspection  reveals  no  economic  damage,  health  hazard. 

or  safety  hazard. 
A19  -  2.  Habitat  modification. 
A19  -  3.  Get  an  appropriate  permit. 
A19  -  4.  Netting  or  crisscrossing  wires. 
A19  -  5.  Sharp  spikes. 

A20  -  I.  They're  most  effective  for  repelling  transient  birds,  and  they're 

more  effective  on  roosting  and  loafing  birds  than  nesting  birds. 
A20  -  2.   ICQ  yards. 

A20  -  3    It  makes  the  birds  think  there's  no  danger,  and  they  will  ignore 
the  tape. 

A20  —  4.  It  must  have  no  choke  or  an  open-choke  barrel. 
A20  —  5.  Leather  gloves,  goggles,  and  ear  protectors. 


ERIC 


A21 
A21 
A21 
A21 

A21 
A21 


-  2. 

-  3. 

-  4. 

-  5. 

-  6. 


A20  -  6.  Recorded  distress  or  alami  calls. 
A20  -  7.  They  have  a  low  operating  cost. 

A21  -  I .   Because  other  birds  will  eventually  move  in  to  replace  those  that 
were  trapped  or  killed  if  the  environmental  attraction  remains. 
Bait  and  live  decoys. 
Cracked  com,  peanut  butter,  or  apples. 
At  least  40  miles  away. 

Near  feeding  or  roosting  sites  where  they  won't  be  disturbed, 
such  as  on  a  flat  rooftop. 
Mark  them  with  indigo  red  dye. 

7.  The  verbail  pole  trap  snares  a  raptor  by  its  feet  when  it  perches 
on  a  pole.  The  Bal-Chatri  trap  uses  nooses  to  entangle  the 
birds's  feet  when  it's  attracted  by  live  bait  in  a  cage. 

8.  The  U.S.  Fish  &  Wildlife  Service. 

9.  To  scare  away  birds  or  to  reinforce  noise  techniques . 

10.  To  keep  scaveners  from  eating  the  carcasses. 

11.  The  bird  reacts  erratically,  exhibits  abnormal  behavior,  and 
gives  distress  calls  that  scare  away  other  members  of  the  flock. 

12.  Gulls,  starlings,  common  grackles.  cowbirds.  crows,  house 
sparrows,  and  pigeons. 

13.  Because  prebaiting  may  attract  more  birds  and  increase  the 
strike  hazard. 

-  14.  To  minimize  exposure  to  people,  pets,  and  nontarget  species. 

-  15.  You  learn  the  feeding  habits  of  both  target  and  nontarget  birds; 
you  can  stop  using  locations  that  attract  nontarget  species;  and 
target  birds  can  get  use  1  to  being  fed  and  will  more  readily  take 
poisoned  bait  when  it's  ipplied. 

-  16.  In  a  feeding  trough  4  feet  x  12  inches  x  3  inches,  or  in  plastic 
pans. 

-  17.  It's  less  toxic  to  mammals  and  light-colored  birds. 


A20  - 
A21  - 
A21  - 
A21  - 

A21  - 

A21  - 

A21  - 
A21  - 


A21 
A21 


A22 
A22 
A22 
A22 
A22 
A22 
A22 
A22 

A23 
A23  ■ 
A23  ■ 
A23  ■ 
A23  ■ 
A23 
A23  ■ 


A24 
A24 

A24 

A24 

A25 
A25 
A25 


A24  -  1, 


A24 


A24  -  3. 


CHAPTER  3 

T. 

F;  they  have  four  upper  incisor  teeth. 

T. 

T. 

T. 

F;  this  applies  to  hares. 

F;  1  or  2  feet. 

T. 

F;  delete  the  first  four  words. 

T. 

T. 

F;  change  "spring  and  summer"  to  "fall  and  winter." 

F;  they  mature  quickly  and  can  fly  about  3  weeks  after  birth. 

T. 

T. 

By  destroying  natural  habitat  such  as  caves,  and  hollow  trees, 

giving  the  animals  no  other  natural  places  to  go. 

By  the  noises  they  make  within  a  building  and  by  fecal 

droppings,  stains,  and  odors  from  urine  and  glandular  body 

secretions. 

They  may  come  out  of  hibernation,  suddenly  appear  from 
hiding  places,  and  fly  around  the  building. 
Only  1  or  2. 

In  old  frame  structures,  openings  appear  where  boards  shrink, 
warp,  or  become  loosened. 

If  they  aren't  controlled  after  a  building  is  batproofed,  or  if  the 
bat  population  is  large  and  well  established. 
They  are  attractive  to  transient  bats  during  migration,  and  to 
males  seeking  refuge  during  the  nursing  season. 

Mexican  free-tailed. 
Little  brown. 
Mexican  free-tailed. 


A25  -  4.  Big  brown. 

A25  -  5.  Big  brown. 

A25  -  6.  Solitary. 

A25  -  7.  Little  brown. 

A26  -  I.  T. 
A26  -  2.  T. 

A26  -  3.   F;  it  should  last  about  5  years. 

A26  -  4.   F;  these  materials  are  tor  keeping  bats  from  crawling  under 

doors. 
A26  -  5.  T, 

A26  -  6,   F;  quarter-inch  mesh  hardware  cloth  is  needed. 
A26  -  7.  T. 
A26  -  8.  T. 
A26-  9.  T, 
A26  -  10.  T. 

A27  -  1.  Grubs  and  other  insects,  small  rodents,  garbage,  birds  and  their 
eggs,  fruits,  and  berries. 

A27  -  2.  The  striped  skunk  and  the  eastern  and  western  spotted  skunks, 

A27  -  3.   Everywhere  except  the  Southwestern  Desert. 

A27  -  4.  About  the  size  of  an  adult  house  cat.  with  fur  that's  mostly 
black  with  white  on  top  of  the  head  and  neck,  and  two  white 
stripes  down  the  back. 

A27  —  5.  They're  found  in  areas  such  as  brushy  areas,  stream  beds,  rocky 
outcrops,  road  culverts,  industrial  yards,  around  rural  homes 
and  barnyards,  and  in  suburban  areas  within  about  1/2  mile  of 
their  natural  habitat. 

A27  -  6.  Occasionally  m  rock  piles,  hollow  logs,  tree  holes,  or  a  fresh- 
cut  bank,  but  dens  are  usually  enlargements  of  burrows  of  other 
animals. 

A28  -  1.  Because  skunks  are  harvested  seasonally  in  some  states  for  their 
furs. 

A28  -  2.   Screen  or  block  them  out  at  all 

foundations,  porches,  and  stairs. 
A28  -  3.   Close  off  all  but  one  entrance  opening,  then  sprinkle  a  1/8"  layer 

of  flour  outside  it  as  a  tracking  patch.  Check  for  skunk  tracks 

after  dark,  and  when  no  tracks  lead  out  but  not  in,  seal  the 

entrance. 

A28  -  4.   Divide  1  or  2  pounds  ir,o  4  to  6  parts  and  place  them  beneath 

the  building  away  from  the  entrance, 
A28  -  5,   Place  traps  where  the  animals  are  entering  the  building  or  in 

trails  they're  known  to  use.  For  bait,  use  fish,  fish-tlavored  cat 

food,  raw  or  cooked  bacon,  or  chicken  parts. 
A28  -  6.  Because  of  the  potential  for  spreading  rabies, 
A28  -  7.  For  people  and  pets,  mix  a  tablespoon  of  the  water-soluble  form 

in  a  tube  of  water.  For  contaminated  soil,  add  two  ounces  to  a 

gallon  of  water  and  spray  the  area. 

A29  -  1,  Humidity;  soil, 

A29  —  2,  Lawns;  golf  courses;  seedbeds. 

A29  -  3.  Pests;  diseases, 

A29  —  4,  It  is  not  a  rodent, 

A29-5,  T, 

A29-6,  T, 

A29  -  7.  Change  "mounds"  to  "ridges." 

A29  -  8.  T. 

A29-9.  T, 

A29  -  10.  T. 


entrances  or  openings  in 


A30  -  1.  Food  control,  trapping,  drowning,  fumigating,  and  by  using 
repellents. 

A30  —  2.  By  controlling  their  food  source  with  insecticides, 

A30  -  3.  That  you  carefully  consider  the  mole's  habits  and  instincts. 

A30  —  4.  In  hunting  tunnels  close  to  the  ground  surface. 

A30  -  5.  When  you  find  fresh  signs  of  activity. 

A30  -  6.  Gripping  and  harpoon  traps. 

A30  —  7.  Calcium  cyanide  and  aluminum  phosphide. 

A30  -  8.  Lye,  PDB,  and  naphthalene. 


AU  GAPS.   AL.  (844638 


)600 


EKLC 


66 


607 


s  I  <)  r . 


r  M  A  I  C  II  ANSXM  .P  SMKKi K)  mis  KXKRC  ISK  M  Nl  BKR, 
2.  I  SKM  'MUKR  2  IMiNC  IL  ONLY. 


KX  IKNSION  C  OURSK  INS  HI  I'  IK 
VOIA'MK  RKVIFAV  KXKRC  ISK 


56<)50  06  22 


\ KRl KURA I  K  PKS  I  S 


(  ai  erully  i  vad  the  toliowin^: 

DO  s: 

I  (.'iKtk  ll^c  *\'mirsc/*  *  *  vi>lunic/ *  ml  "tbrin**  nunihcrs  tVi>ni  ihc  answer  sliccl  atklrcss  i;ih  aiiaiiisi  ilic 
'*\  Rl\  answer  shccl  iilcnliricatii>n  niiniiicr**  in  llic  riuhlhand  ci>lunin  i>l'lhc  shippinLi  list.  IT  numbers  i}o 
nul  nialeli.  rclurn  ihc  answer  sheet  anti  llie  sliippinu  list  lo  i\C\  ininietlialely  w  illi  a  note  oT cxplaiialion. 

J.    Nuie  dial  lU  ni  numbers  i>n  answer  sheet  are  setjuential  in  eaeh  ei^lumn. 
I  'se  a  meJunn  sharp  #2  blaek  lead  peneil  lor  marking  answer  slieet. 

•1  Write  tile  eorreet  answer  hi  the  iiiariiin  at  tlie  left  ol  the  item.  (When  you  review  \\n  the  eourse 
e\aminatit>n.  you  ean  ei>\'er  \(fur  answers  witli  a  strip  ol  paper  ;uid  tlien  elieek  \our  review  answers 
ajjauis!  your  i>riiiinal  ehoiees. )  Al'tei"  yi>u  are  sine  o\'  your  answers.  transTer  them  io  the  answer  sheet,  IT 
\un  hdVi-  to  ehariiie  an  answer"  on  tlie  answer  sheet,  he  sure  that  the  erasure  is  ei>mplete.  Use  a  clean 
erasei   Mul  ir\  to  avoid  any  erasure  on  tiie  answer  sheet  if  at  all  pi>ssible. 

>     I  ake  aelion  to  return  entire  answ  er  sheet  to  HCI. 

(>    Keep  Volume  Review  l"\ereise  bi>i>klet  Ibr  review  ami  rel'erenee. 

7  II  nt(iini(H('i  i/y  enrolled  student,  process  questions  or  comments  throuiih  your  unit  trainer  or  O.f  T 
superx  isor.  11  v<>limi(in'ly  enri>lleii  stmlent.  send  questions  or  ei>niments  io  HCi  ou  hCM  Form  17. 


I     l)on'l  use  answer  sheets  other  than  i>ne  lurnished  :qieeirically  Ibr  each  review  exercise. 

l)i>n't  mark  on  the  answer  sheet  except  to  till  in  markini:  blocks.  Dmible  marks  or  excessive  markiniis 

which  oxcrilow  marking:  blocks  w  ill  register  as  erri>rs. 
^     Dou'i  loUI.  spimlle.  staple,  tape,  or  mutilate  the  answer  sheet. 
I     Dun'l  use  ink  or  any  markinii  other  than  a  #2  blaek  lead  pencil. 


\(>rr:.  nimukrki)  i.karninc;  objkctivk  refkrkncks  ark  lskd  on  thk  voiaimk 


RKN'IKW  KXKRCIvSK.  In  parenthesis  alter  each  item  number  on  the  VRH  is  the  Lcaniini^ 
( )hj('(  tivc  Xnnihrr  w  here  the  answer  to  that  item  can  be  U>cated.  When  answerini:  the  items  on  the 
\'UI\.  relcr  to  the  Lmniim^  Ohjcctircs  indicated  by  these  Nuinhci.s.  'I'he  VRH  results  w  ill  be  sent  to 
\ou  on  a  postcanl  which  w  ill  list  the  actual  VRH  iiciiis  you  missed.  C\o  to  the  VRH  booklet  and 
loeate  the  Lcarnins:  Oh/cchvc  IMmnhcrs  ri>r  the  items  missed.  Go  to  the  text  and  carelulK'  review  the 
rcas  eo\ercil  by  these  relerences.  Review  the  entire  VRH  aiiain  be  I  ore  you  take  the  closed- book 
( \uM  se  r.xaminaiii>n. 


!)()\  I  s: 
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\i»it  ^'  Sn/,/(  ///    (  'diiskIlt  all  lIumcc^  carclullv  iiiKl  select  ihc  /n     iinsvvcr  lo  each  qiicsiiDii. 

I     (  \(n  )  Kals  ilcslri>>  pri>pcrl\  h\ 

a  I'lKiuiMi!  lliisMii^h  \\i)ihI.  hrick.  aiul  concrclc. 

b  CDMlaminaliUL!  loocl. 

i-  killiML!  (iomcsiic  afiinials. 

il  iIimhl!  all  1)1  Ihc  ahin  c. 

I  Which  di>nK-s|jc  roucfil  produces  chopninos  thai  arc  sfnall.  rod-sliapcd,  ainl  about  I  S  inch  loug? 

a     I  louse  nu>usc.  c.    NotA\a\  rat. 

h     Pine  nu>usc.  d.    Roo{'  rat. 

^    (  \()  >)  \\  hen  rals  are  exposed  lo  a  new  type  of  food,  what  is  their  first  reaction  ? 

a     ThcN  avoid  the  new  lood.  e.    They  hide  the  new  \'oai.\. 

h     rhc>  cat  onl\  a  token  amount.  d.    They  cat  until  full. 

I     r\()  >)  Rats  can  make  a  standing:  hiiih  Jump  ot  appro\inialcl\  how  many  t'eet 


{  \(>>)  W  hich  is  the  hiwf  slalcnicnt  about  the  reeding  habits  ot' dofnesiic  rodents? 

a  -All  three  species  ha\e  irrcLiular  eatiny  habits. 

b  .Ail  three  species  have  regular  eating  habits. 

c  l^als  usual!)  begin  searching  tor  food  alter  midniglil. 

d  Mice  arc  sicad\  eaters,  rats  are  nibbler.s. 

(V    (  .Select  the         thai  is  prclerred  by  Norway  rats. 

a    ()nii>ns.  c.  Oatmeal. 

b     ( 'clcr\  d.    Highly  spiced  foods. 

'     <  At)  h  ( icncraiK  .  t  inding  rat  shoppings  ol' several  sizes  indicates 

a  nu>rc  than  one  l\  pe  ot  rat  is  inlesling  the  area. 

b  a  hca\ >  uitcstatioii  of  rats. 

L  the  l\pc  i^rtood  lats  have  been  eating. 

d  sev  eral  ages  of  rats  are  jircscnt. 

S.    I  AO  h  Where  arc  Norway  rat  runs  ntirnially  fmind  * 

a     Inliicualls.  c.    In  the  grass, 

b    ( )n  tlie  ii>of.  d.    Near  the  fkuir. 

(  AO.^)  Sanitation  tor  the  control  of  rats  and  mice  invoK  es  sunage  ot' toodstuffs  how  many  inches  tiff  the  floor  / 


b 


a 


c.  5. 

d.  7. 


a  :to.V 
b  dti>(v 


d. 


12  to  IS. 
24  to  36. 


Hi.   (.At)."^)  What  si/e  mesh  haiclwaie  cU)th  is  .suitable  tor  rtulentprooting? 


a  I  S  ineh. 
b     I  d  uich. 


e.  I  /2-ineh. 
d.  -^4-inch. 
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It     (  \nS)  I  \^^\\  1,11  apai  1  shoulii  ti;ips  he  pl;ii.cil  to  Li^nliol  r;ils 

I.*!     (.\n(>)  Wliai  type      hail  tlocs  the  Noruay  lal  laviM"* 

a     hacon  ami  i^raiiis.  c.    l\)latocs  ami  nuts, 

h    CMk'csc  anJ  ci:i:s.  il.    Meal  ami  lish. 

I  V   ( A(U))  IVsl  bailini:  SCI  ACS  all  i^l  the  lolunviiie  {imposes  exec/)/ 

a    ticlcrininini:  what  linKls  mhIciUs  prclcr. 

h    dclciiuinini:  \shat  poisons  rodents  arc  susceptible  to. 

ilctcrniinini:  \shcic  ixut  stations  sliouki  be  localetL 
ll    ilctcrniinini:  Ihc  number  ol  bait  stations  ncctlctl. 

I  I.   (.\n(>)  When  apply ini:  sinizlc-tlose  anticoagulants,  ymi  sliouki  maintain  an  uiiinlcrruptci.i  supply  ol  Ircsii  bail  (or 
al  least 

a     Mlilays.  c.    1 5  days, 

b     i:ila\s.  d.    20  days. 

I>.   r\U7»  rhc  i>\erall  importance  iM' *'iekl  mice  and  rals  on  a  mililar\  inslallalion  isftuiifily 

a    economic.  c.  nuisance, 

b    morale.  d.  medical. 

Wv   ( A<)7)  TypicallN  .  fickl  mice  cause  the  most  damaiie  to  trees  during 

a    Ihc  s|M  inu  ami  early  summer.  c.    a  hard  u  inter, 

b    the  sunnner  ami  fall  nuMiths.  d.    a  mild  \s  inter. 

17.   (AUS)  What  rat  is  chieriy  vegetarian,  eating  t'linsers.  iVuit.  seed,  and  ixuk.' 

a.    Kiee  ral .  c.    Wiuid  rat . 

b     Pine  rat.  d.    Nk\ido\s  ral. 

IS  \\  hen  Mapping  meatlow  am!  pine  mice,  what  sliouki  you  use  as  bait? 

a     Hacon  i>i  eggs.  c.    Syi up  oi molasses, 

iv   ( )aimeal  i>r  ap|>les.  tl.    Poi k  or  l^cel  . 

I*).  W  hen  baiting  loi'  lick!  mice,  wheie  should  y  iui  jilacc  ihe  liait 

a  Neai  ihc  h  unk  of  trees. 

Iv  In  grass  close  to  a  tiail . 

e.  AiH>ul  one-hall'  inch  i>eIovv  ground. 

ll  Direclly  on  the  riooi  oTuscd  trails. 

20    (.A  10)  W  hat  t actor  is  ol' greatest  concern  \s  ith  having  feral  rodents  on  a  military  installation  ? 

a.    NU)ialc  c>  Nuissance. 

b    Nk'ilical.  d.  HconiMiiic. 
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.'I     t  \  It))  Whuh  o\  [he  lollow  iiii:  jcral  riHlcnis  arc  colonial  aiul  live  in  Mowns' ' 

a     \\  ooclclniL'ks.  c.    Prairie  doiis. 

h    ( iiounclho^^s.  ci.    Clround  squirrels. 

.^^   (All)  WIkiI  is  the  hi'.sf  bail  lo  use  in  irapjMni:  i:roinul  squirrels  / 

a     Apjile.  C"anu\ . 

U    Oanueal.  IVaniu  hnller. 

J  N    (All)  W  hieli  of  liiese  tniiii»^anis  is  noi  suitable  lor  eontrollinij  squinels  in  tlieir  burrow  s? 

a     Napthalene.  c    Caleiuni  e\ anicle . 

b     Alunnuuni  pbospliiJe.  tl.   Carbon  monoxide. 

.M     (  \  I  -  )  Wliat  is  the  hc\i  way  to  loeate  tlie  main  runway  of  a  gopher? 

a.    Hy  obser\  ing  the  mourKls.  By  Hushing  willi  a  water  hose. 

b     lU  usitii:  a  jirobe.  d.    By  observing  ihe  grass  above  the  runway. 

Jl*^    i.\l-)  Whith  grains  work  Inwi  wlien  baiting  lor  poeket  gophers? 

a.  liarle\  anti  oats.  e.    I\'as  ami  beans, 
b    ( )ats  aiui  wheat.                                                  d.    Barle>  ami  milo. 

^(v    ( Alo)  11  nesting  sparrows  lea\'e  eorrosixe  droppings  r.r  holes  in  a  buikling's  sereening,  the  problem  is  hcM 
described  as 

a    bird  damage.  a  bird  ba/ard. 

b.  a  bird  strike.  t^l.    a  bird  nuisanee. 

.;!7    (  A  I  M  \\  hen  birds  jiresent  a  potential  threat  to  health  or  safety,  the  condition  is  referred  to  as 

a    bnd  management.  c.    bird  ilamage  eontrol . 

b.   a  bird  ha/aid.  d.    pest  bird  eonirol . 

.2S    ( .\  M)  I'iie  inner  llight  leathers  responsible  mainl>'  tor  a  bird's  lilt  are  called 

a     eo\erls.  c.  scapulars, 

b    jirimaries.  d.  secondaries. 

(Ail)  The  spreulum  ol  a  duck's  wing  is  part  ol  tlie 

a.    seci^ndary  leathers.  c.  tailco\erls. 

b    prmiary  leathers.  d.  scapulars. 

U)    (All)  The  ei>\erl  leathers  of  the  shoulder  area  ola  bird  are  ivrerred  to  as 

a.  primaries.  c,  scapulars. 

b.  speeulais.  tk    secoiuiai  ies. 

^l.   (Al.>)  Both  hisotplasmosis  ami  psittacosis  arc  commonly  contacted 

;i     by  touching  bird  droppings.  hy  unding  in  bii\l  contaminatetl  ponds. 

b    hy  louching  or  liamiling  birds.  d.    bv  inluilalion  ol  bird  conlaminaled  dust  or  panicles. 
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v**    (  A  I  S )  At  w  lial  phase  oT  iTiijhl  operations  tlo  almost  liall  ot  all  W\\\\  strikes  oeeiir? 

a  1  )m  iiiij  eiiroiito  I liiilit . 

Iv  Dniiiiu  tako-oll  and  laiidini:. 

e  DminiJ  iiiuli  altitude  riii^lit. 

d  Diii  iiit!  eiiuiiie  w  ai iii-up  and  sluittlow  ii. 

^  V   (  AKn  W  liieli  ol  the  lollowini!  eliaraeteristies  determines  wliere  a  «ji\en  W\i\i  speeies  will  nest.  loost.  or  teed? 

a.   Cover.  e.  Habitat, 

b    C'olonv .  d.  lenitory. 

^  I    (  A  1(0  riie  areas  wliere  liiids  loost  duiiriL:  da\  liiiht  horns  are  ealled 

a     loal inn  areas.  e.    testing  sites, 

b    leeilini:  sites.  d.    roostinu  aieas. 

vS.   (A  \  (^)  Hiiiis  (hat  leeil  njM>n  tieati  pUmts  aiul  animals  aie  referred  to  as 

a    se;jveni.HMs.  e.  omiii\ores. 

b    uranixores.  tl.  heibi\i>res. 

>(y    (.Aid)  How  do  birds  learnV 

a.  H\  obsei \ al ion .  ehaiK  ulus. 

U  H\  II  ial  and  error.  ehaiK  stinuiUis. 

e.  Hy  praeiiec.  exjK'rienee.  aiul  obserx  ation. 

d  by  praeliee.  exjierienee.  anti  It  ial  and  error. 

.   ( .A  I  7)  Identitx  the  jiest  birils  that  have  long  pointed  w  ings,  hooked  bills,  ami  usiiall\  stjuaie  tails. 

a.  (Mills.  e.    House  sparrow s. 
b    Pigeons.                                                          tl.   C\>mmon  grackle. 

(  A  I  7)  W'hieii  of  the  follow  ing  pest  birtls  was  intriHlueetl  from  Kurope  and  is  letnally  a  smidl  weaver  lineh  ? 

a    Stal  ling.  e.   i  louse  sparrow  . 

b     Roek  do\  e.  d.   Sparrow  . 

^'>.   (  A  IS)  Before  any  bin!  pii^blem  ean  be  e fleet ively  and  eff ieiently  etxitri^lletl .  it  must  //V.v/  be 

a     idenlilted  and  doeiunenteti.  e.   e\'aluated  anti  tiesei ibetl . 

b     ulentilied  and  evaluated.  tl.   deseribed  and  doeumented. 

10    (.A  IS)  In  an  effeetive  bird  management  pri>gram.  a  ei>mplete  installation  inspeetii>n  should  be  eondueted  every 

a     Iw I)  weeks.  e.  month. 

b.  si\  weeks.  d.  year. 

H     ( .A  I  S)  What  is  the  /yrintiiry  reiison  Tor  determining  w  lie  the  r  birtis  observeti  iwv  reside  nl  or  trLUisient? 

a.    Resilient  biitls  aie  pri>teeietl  by  state  law. 
b    Migialory  birds  are  pri^teeted  by  federal  law  , 

Traiisieni  biitls  may  sr  >n  leave  the  area  on  their  i>w  ii. 
d     I Yansient  birds  are  hat\  er  to  repel  than  lesident  birds. 


1.?    (  .\1'>)  \\  h;U  hiulciMilrol  tccliniquc  ;iiv  you  usiny  if  von  ivducc  the  biriTs  h;ihit;it  in  (he  arc;i  near  an  aiiricUi? 


Iv   (Ah))  What  is  ihc  hcsf  si^hitimi  \'ov  kccpini:  birds  Innn  tccdini:  (Mi  insects  exposed  during  airfield  niowinu 
i^peralions.  ihcrel>\  eausiiii:  a  sii  ike  hazard? 

a  Appl\  a  suitalile  avieidc. 

1^  Appl\  a  suitable  inseclieiile. 

e  Mow  iirass  at  ni^iilit  tM"  on  weekends. 

d  Mow  i:iassoni\  wiien  elearanee  is  in\en  b\  i^iise  (Operations  personnel. 

11    I         W  hat  IS  the  most  approj^riate  tirass  lieiLiiit  lor  jircv'cnting  uulls  tVoni  loalini:  on  airfields? 

a     ^  >  inches.  e.    S-12  inches, 

b     S  lOinciics.  d.    lO-I.S  inches. 

1*^    (  \2i))  \iccn\\\cd  distress  calls  are  suitable  I'or  dispersini: 

a  Ihuise  .Sparrows  anti  Starlinjis. 

b  piiicoiis  anil  I  louse  Spari  ows. 

c  .Sta!  lini:s  ami  piueons. 

li  uulis  ami  -Siarl iniis. 

In.   1  \?(>)  All  ol  the  follow  ing  are  effective  methods  for  repellinsz  birds  iwccpi 

a  elccit omcally  {produced  niMses. 

b  iccin'ileil  bird  alarm  calls, 

c  atrbursts  ami  scare  cartritlLies. 

d  aiiliunatic  cxpliulers. 

17    (  \2  I  )  I  !ow  tar  auity  should  you  transpoit  trapped  birds  before  you  release  them? 

a.    10  miles.  c.    30  tnilcs. 

b     20  miles.  d.    40  miles. 

IS.   (  A.]  1)  W'hicli  binls  can  you  trap  usinii  a  nest-box  trap? 

a.  Siarlmi:saml  piiieiMis. 

b  I  louse  Sparrows  and  Starlings. 

c  .Ml  t\ pes  of  blaekbirds. 

il  Any  species  of  nesting  birds. 

b).   { A,"!  1 )  Shooiing  birds  w  ith  live  ammunition  is />i'.s7  used  to 

a.  eliminate  blackbirtls  tVom  small  areas, 

b  reinforce  active  scaring  techniques, 

c  kill  pigeiuis  on  top  or  inside  hangars, 

d  supplement  bird  jioisoning  eflorts. 

>i)  Which  id  the  Ibl low  ing  characteristics  is  ntX  true  of  hares  and  rabbits  / 

a.  riiey  can  be  controlled  by  epi/ootics  alone. 

1)  riicN  damage  trees  and  erosion  control  plants. 

c.  I'liCN  are  carriers  of  sjiotted  fever  and  tularemia. 

d.  '!  Iiey  arc  heavily  furred,  w  ith  long  ears  and  elongated  hindleus. 


a  b.xclusum. 
b  Kcpulsion. 


d. 


c . 


Altering  the  concept. 
.Altering  the  situation 
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s  I     (  \2  J  )  All  o!  ilio  !\>llo\\  inu  ;mv  liuo  rabbits  of  llio  ^cnus  S\  i\  ihhjus  t  vcr/)^  the 

.1     i.K-k  rahhii.  c.    niarsli  rabbit. 

I>    collt^niail.  tl.    brusli  rabbil . 

•^J    {         W'hiL'h  of  liicsc  pesticides  is  suitable  lor  repo! Hiil:  rabbits  iVoin  an  area  ' 

a.  Maneb.  e.  Tlurani. 

b.  (  hloroneb.  d.  Malatliion. 

^  ^    t.\2     hats  are  vvorltlwide  in  tlistribution .  but  are  lound  mainly  in 

a    leniperale  areas.  e.    subtropieal  areas. 

b    iropieal  areas.  d.    deciduous  vvoodhuuls. 

"^•1     {.AJ!.^)  Alter  baby  h;its  are  born  in  tlie  spriny.  tliey  are  able  io  fly  in  about 

a.  two  weeks.  e.    one  niontli. 

b.  three  weeks.  d.    luo  months. 

^.^    (  \.M )  I  low  nuuiv  bats  at  nn^st  are  typically  found  \\  ithin  buiklinLis? 

a.    I  c.  I()-|S. 

h    .^7.  d.  25'5i). 

.*^'>    (  A-.^)  W  hich  i>r  tiic  followini:  is  one  of  the  largest  bats  commonly  lountl  in  buikliniis,  but  forms  only  small 
colonics  ol  \2'li)i)  bats? 

a    Red  bai.  e.    Bi^:  brown  hat. 

b    I  itile  brown  bai.  d.    Mexican  free-tailed  bat . 

>7.   (  Which  bai  is  lypicalK  dark  brown,  but  may  he  tlaik  iiray  to  pale  brown  due  lo  aninu^nia  fumes  from 

uiiano  dcposiis 

a     Hilary  bat.  c.    IJttle  brtuv  n  bat . 

b    \Uii  brown  bat.  d.    Mexican  I'ree-tailcd  bat. 

Ulcniily  bals  ihal  live  alone  in  tree  loliaye  or  untlcr  bark,  but  never  in  caves. 

a    Solitarv  bats.  e.    Pallid  bats, 

b    ( 'olonial  bals.  tl.    I'eral  bats. 

(  AJ*(>)  W  hich  ol  (he  follow  ing  can  be  easily  used  to  bk>ck  the  btntoms  t>t  seUIom  used  dotus  .^ 

a.    (\iulkini:.  c.    WV^athcrstripjiini: . 

b    Stainless  sled  wi>i>| .  tl.    Santi  snake. 

hi).   (  A2(0  Screening:  usetl  io  block  access  points  for  bats  shouk!  be  no  laruerthan 

a.  I  S"  mesh.  c.    1/2"  mesh. 

b.  b4"mesh.  d.    3/4"  mesh. 

(0  .   t  .A^fO  When  naphlhalene  is  usctl  to  repel  bats  IVt>m  an  enclosetl  area,  the  rate  of  applicatit>n  is 

a.  I  I  lbs  |>er         cubic  feet. 

b.  10  lbs  |>cr  cubic  feel. 

c.  lbs  per  2()()()  cubic  feet. 
A.    2  lbs  per  2()()()  cubic  feet. 
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(  \2^)  In  ihc  I'.S.,      ol  the  lolUiw  ini:  skunks  ;nv  ol  />////u/rv  cci>iuiniic  aiul  nicdiciil  iinjiortancc  rxcr/)/  the 

.1     wostoin  spDitcd  skunk.  iioi:-niiscd  skunk. 

Iv   eastern  spottLni  skunk.  il.   striped  skunk. 

()  >    (.A .^7)  The  sniped  skunk  is  lienerally  iDund  llinmuliout  llie  U.S.  t  vcc/)/  in  tlie 

ii     Norllieast.  ■  Nonhwesi. 

1).    SiuUheast.  d.  Southwest. 

(vj .   (  A?7)  Wiucii  skunks  are  iiood  elin\hers  and  oeeasionaily  have  their  den^  in  uee  holes  .* 

a.    StriiKHl  skunks.  c.    Hoe-nosed  skunks, 

h    Spotted  skunks.  d.    Hooded  skunks. 

(>.'^.   (.\2S)  Wiiat  is  the  hc.st  long-tenn  sohition  to  problems  with  skunks  * 

a.  Sereen  or  hioek  tliem  out. 

h  l-.liininate  loodsourees. 

e.  I 'sc  lo\ie  eheniieals  mixed  w  ith  eat  {'oolI. 

il.  Maintam  traps  on  a  regular  hasis. 

(.A.^S)  Nentroleum-alpha  is  hcs!  used  as  a 

,1    loxieivnl.  skunk  repellent . 

>v    skunk  attraetant.  skunk  odor  neutrali/er. 

(w.   (  AJ*^))  The  iieneral  distribution  oi  nioles  depends  lareely  on  the 

a.  atniospherie  humidity  and  resulting  soil  eonditions. 
b     prcsenee  ol  grubs  antl  w  orn  is. 

e     looseness  ol  the  soil  and  its  w  ater  content . 
d.   a»noimt  ol  large  tree  roots  in  the  area. 

(iS    (.A J*))  .About  how  many  yards  ean  a  mole  travel  through  loose  soil  in  a  day 

a     V  ^* 

b.  23.  ^>  ^t*^^ 

(iM    i  A       1  iie  universally  applieable  and  satisfactory  way  to  get  rid  ol  moles  is  hy 

.t  drowning.  gassing, 
b    iraiiping  baiting. 

7(J    (.A       In  trapping  moles,  it  is  important  to  be  aware  ot  a  mole's 

a.  teeding  habits. 

b.  periods  of  inactivity, 
c    unsuspecting  nati  re. 

il.   scnsitix  it\  to  an  unnatural  environment. 
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Preface 


VOLUME  SEVEN  OF  this  CDC  was  developed  to  teach  you  about  the  various 
household,  venomous,  and  vegetative  pests  you  must  deal  with  in  your  job. 

In  Chapter  1  you'll  learn  about  the  characteristics  and  controls  available  for  pests  such 
as  cockroaches,  ants,  silverfish,  firebrats,  and  other  pests  which  may  infest  homes  and 
other  buildings. 

Chapter  2  begins  by  discussing  the  types  of  arthropod  and  reptile  venoms  and  how  they 
affect  victims.  Th  n,  youMl  study  the  most  common  venomous  arthropods  and  reptiles 
people  encounter.  The  list  includes  bees,  wasps,  hornets,  spiders,  scorpions,  and  other 
venomous  arthropods.  The  venomous  reptiles  you'll  study  include  water  moccasins, 
copperheads,  rattlesnakes,  and  coral  snakes. 

In  Chapter  3  you'll  learn  about  weed  growth  and  propagation,  surface  plants,  aquatic 
plants,  and  control  measures  for  weeds. 

For  easy  reference,  foldout  1  covering  venomous  snakes  of  the  United  States  is  bound 
in  the  back  of  this  volume. 

Code  numbers  appearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  commercial  product,  commodity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  indorsement  by  the 
Air  Force. 

This  volume  is  rated  at  27  hours  (9  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  July  1984. 
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CHAPTER  1 


Household  Pests 


HOUSEHOLD  PESTS  rob  U.S.  citizens  of  millions  of 
dollars  each  year,  contaminating  and  spoiling  far  more  than 
they  eat.  When  present  in  a  restaurant  or  store,  they  repel 
customers  and  cause  economic  loss.  They  damage  clothing, 
rugs,  and  other  items.  They  cause  disease  in  and  transmit 
disease  to  people  and  their  domestic  animals.  In  your  job, 
you  should  be  able  to  recognize  common  household 
species,  know  their  public  health  importance,  and  be  able  to 
recommend  and  implement  effective  control  procedures. 

1-1.  Cockroaches 

Cockroaches  (order  Dictyoptera,  family  Blattidae)  form 
the  oldest  group  of  insects.  They  are  among  the  most 
persistent  pests  and  exhibit  a  high  degree  of  adaptability. 
Although  many  species  live  outdoors,  others  have  moved 
indoors  and  have  become  among  the  most  widely 
distributed  and  numerous  of  pests. 

This  section  covers  the  cockroach  species  we  consider  to 
be  important  household  pests,  the  history  and  habitats  of 
these  pests,  and  the  controls  you  can  use  to  manage  them. 

COl.  State  the  importance  and  general  identifying 
characteristics  of  cockroaches. 

Importance.  Cockroaches  are  the  most  important 
household  pests  infesting  homes,  hotels,  restaurants, 
bakeries,  and  many  other  food  serving  establishments. 
Cockroaches  have  become  well  adjusted  to  living  with 
people.  They  harbor  in  the  cracks  and  crevices  provided  by 
buildings,  living  on  bits  of  food  scattered  where  people  live 
or  travel.  Cockroaches  have  been  reported  nibbling  on  the 
eyelashes,  frng^*. nails,  and  toenails  of  sleeping  children. 
They  impart  ari  unsavory  odor  and  taste  to  food  tiiey  infest. 
Cockroaches  prey  on  bedbugs.  They  carry  the  organisms 
causing  enteric  diseases  (diarriiea,  dysentery,  typhoid,  food 
poisoning)  from  sewers  and  garbage  cans  to  the  food  of 
humans.  The  rat  tapeworm  (Hymenolepis  diminuta)  can  be 
picked  up  by  cockroaches  (as  well  as  by  mealworms,  fleas, 
and  other  arthropods)  and  then  transmitted  to  people 
through  the  insect's  fecal  material.  This  disease  is  not 
considered  serious  because  of  the  limited  number  of  human 
cases;  the  cockroach's  role  in  its  transmission  can  be 
considered  minor. 

General  Characteristics.  Cockroaches  (fig.  1-1) 
undergo  gradual  metamorphosis  and  progress  through 


nymphal  stages  to  the  adult.  There  a*^  about  55  species  in 
the  United  States,  but  only  5  are  common  pests  indoors. 

Most  species  have  wings.  When  present,  there  are  two 
pairs  with  the  front  pair  usually  being  long,  narrow, 
opague,  and  leathery.  Cockroaches  have  chewing 
moulhpaits  and  can  usually  be  recognized  by  their  oval, 
flattened  shape,  the  head  concealed  under  the  pronotum, 
and  the  long  bristlelike  antennae. 

These  insects  live  in  groups  and  are  active  at  night.  They 
prefer  warm,  damp,  secluded  hiding  places  during  the 
daytime,  such  as  electrical  panel  boxes,  refrigerator 
insulation,  sink  cabinets,  drainpipe  areas,  furnace  rooms, 
sewers,  food-service  equipment,  and  cracks  and  crevices  of 
floors,  walls,  and  fumitutv. 

The  eggs  of  a  cocluoach  are  placed  in  a  purselike  capsule 
called  the  ootheca,  which  may  contain  from  12  to  50  eggs, 
depending  on  the  species  (fig.  1-2).  The  eggs  are  contained 
in  two  rows  of  divided  chambers.  The  female  may  carry  the 
ootheca  protruding  from  the  end  of  the  abdomen  for  several 
days  before  she  drops  or  glues  it  to  a  surface. 

The  tiny  white  nymphs  that  emerge  from  the  eggs  closely 
resemble  the  adults.  They  go  through  successive  periods  of 
growth  separated  by  molts  and  form  the  adults. 

Exercises  (COl): 

1.  Cockroaches  are  the  most  important  household  pests 
infesting  

 .»  .  ,  and 


2.  Where  do  cockroaches  generally  make  their  homes? 


3.  On  what  do  cockroaches  subsist? 


4.  List    the    enteric    diseases    are    transmitted  by 
cockroaches. 
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GERMAN  FEMALt'      WITH   EGG  CASE 


GERMAN  COCKROACH 
BLATTELLA  GERMANICA 


FEMALE  MALE  AMERICAN  MALE         AMERICAN  FEMALE 

BROWN-BANDED  COCKROACH  AMERICAN  COCKROACH 

SUPELLA  SUPELLECTILIUM  PERIRLANETA  AMERICANA 

Figure  1-1.  The  cockroach. 
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Pennsylvania  Woods  Roach 

1)  Oothpca  curved  in  nn  inverted  half-moon  shape; 
usually  contains  16  eggs  on  each  side  Nurmally 
found  out  of  doors  under  bark  of  old  logs  and 
stumps  —  Pennsylvania  Woods  Roach 
V)  Ootheca  straight,  at  least  on  the  bottom  side 
Normally  found  in  buildings   2 


Brown>banded  Cockroach 

2)  Ootheca  one-fourth  inch  (or  less)  in  length;  no 
more  than  9  eggs  on  each  s«de  —  Brown-banded 
Roach 

2")  Ootheca  one-thiid  inch  or  more  in  length.  .  .  .  3 


German  Cockroach 

3)  Ootheca  slender,  about  one-third  inch  long;  light 
brown  Top  and  bottom  sides  parallel,  contains  1^  to 
?4  eggs  on  each  side.  Carried  by  the  female  until  a 
day  before  hatching  —  German  Roach, 
3')  Ootheca  purse-shaped,  not  slender;  length 
greater  than  one-third  inch;  dark  brown  to  black.  4 


Oriental  Cockroach 


American  Cockroach 

4)*  With  8  eggs  on  each  side  —  Oriental  Roach  or 
American  Roach. 


rrrnTTTTTT 


mm 


Smoky  Brown  Cockroach 
4)**  With  12  eggs  on  each  side  —  Smokey  Brown 
Roach 

4')**  With  12  eggs  on  each  side. 
•The  ooiheca  of  these  species  afe  quite  difficult  to 
separate  with  accuracy 

••The  ootheca  of  the  brown  cockroach  may  key  out  at  this 
point  It  IS  difficult  to  distinguish  hntween  ootheca  of  these 
two  specios 


5,  How  may  the  rat  tapeworm  be  transmitted  to  people  by 
cockroaches  and  other  insects? 


6.  How  many  cockroach  species  are  there  in  the  United 
S    cs?  How  many  commonly  infest  buildings? 


7.  These  insects  live  in  groups  and  are  active 
  and  prefer 


hiding  places  during 


the  other  part  of  th'j  day. 


8.  The  eggs  of  a  cockroach  are  placed  in  a  nurse-like 
capsule  called  the  . 


Figure  1-2.  Key  to  oothecae  of  some  common  cockroaches. 


C02.  Identify  physical  and  behavioral  characteristics  of 
common  types  of  cockroaches. 

Cockroach  Identification  and  Characteristics.  The 

five  most  important  indoor  cockroaches  are  the: 

(1)  German  cockroach  (Blattella  germanica). 

(2)  Brown-banded  cockroach  (Supella  supellectilium), 

(3)  Oriental  cockroach  (Blatta  orientalis). 

(4)  American  cockroach  (Periplaneta  americana). 

(5)  Australian  cockroach  (Periplaneta  australasiae). 

German  cockroach.  The  German  roach  is  the  most 
common  roach  in  houses  in  the  United  States.  In  some  areas 
people  call  it  a  "croton  bug."  Adults  are  pale  brown  and 
about  3/4  inch  long;  both  sexes  have  wings  as  long  as  the 
body.  You  can  distinguish  them  from  other  roaches  by  the 
two  dark  stripes  on  the  pronotum  (fig.  1-3).  Young  German 
cockroaches  resemble  the  adults  except  that  they  are 
wingless  and  darker  in  color,  often  being  nearly  black.  A 
single  light  stripe  running  down  the  middle  of  the  back  is 
the  most  prominent  marking  on  the  young  cockroach. 

The  female  carries  her  egg  capsule  protruding  from  her 
abdomen  until  the  eggs  are  ready  to  hatch.  The  egg  capsule 
is  slender,  about  1/3  inch  long  and  tan  in  color.  The  nymphs 
may  break  open  the  capsule  while  it's  still  attached  to  the 
female,  or  she  may  deposit  the  capsule  in  some  protected 
place  where  the  young  will  be  able  to  find  food  when  they 
hatch.  This  is  the  only  common  house-infesting  species  that 
carries  the  egg  capsule  for  such  an  extended  period  of  time. 
Capsules  removed  from  the  female  more  than  a  day  before 
time  to  hatch  may  not  hatch.  A  female  will  usually  produce 
4  to  8  capsules  in  her  lifetime.  Each  capsule  has  30  to  48 
eggs  that  hatch  out  in  about  28  days  at  room  temperature. 
Completing  the  nymphal  stage  under  room  conditions  takes 
40  to  125  days  and  the  nymph  usually  molts  7  times  before 
reaching  adulthood.  German  roaches  live  as  adults  for  about 
1  year. 
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Nymphs  have  habits  similar  to  those  of  the  adults.  They 
dislike  light  and  hide  in  dark  crevices  during  the  day  and  are 
active  at  night.  If  you  see  German  roaches  during  the  day  or 
while  there  is  much  activity  in  the  area,  then  the  population 
is  probably  so  large  that  available  cracks  are  already  full. 
They  usually  hide  in  areas  close  to  moisture  and  food, 
which  means  kitchens  and  other  food  areas.  They  appear  to 
prefer  to  rest  on  wood  rather  than  on  metal  or  other  smooth 
surfaces.  Large  infestations  do  occur  on  metal  surfaces 
when  there  are  few  other  surfaces  available  such  as  in  a 
food-handling  facility  with  lots  of  stainless-steel 
equipment. 

German  roaches  are  general  feeders,  but  they  seem  to 
prefer  fermented  food:*— they  love  beer.  If  the  adults  have 
water,  they  can  live  at>out  a  month  without  food,  but  young 
nymphs  die  of  starvation  within  10  days.  Without  food  or 
water,  the  adults  die  in  less  than  2  weeks.  A  regular  need 
for  water  explains  why  they  generally  stick  to  moist  areas 
such  as  kitchens  and  bathrooms. 

You  can  sometimes  find  infestations  in  areas  not 
generally  suspected  of  harboring  German  roaches;  for 
example,  dresser  drawers  in  bedrooms.  When  German 
roaches  are  found  scattered  through  nonfood  areas  of  a 
building,  it  usually  indicates  a  very  heavy  infestation. 
Roaches  in  these  areas  will  find  food  scarce,  but  they  can 
feed  on  scattered  crumbs,  soiled  clothing,  and  the  glue  on 
dresser  drawers.  German  roaches  are  also  found  outdoors 
during  warm  months  and  this,  too,  is  usually  due  to  heavy 
infestations.  In  such  cases,  they  are  often  associated  with 
garbage  containers. 

As  stated  earlier,  the  German  cockroach  is  the  most 
commonly  encountered  of  the  house-infesting  species  in  the 
United  States.  The  reasons  for  this  are  somewhat  complex, 
but  the  understanding  of  some  of  the  factors  involved  are 
basic  to  your  job. 

In  the  first  place,  the  German  cockroach  has  a  larger 
number  of  eggs  per  capsule  and  a  shorter  hatching  time  than 
the  other  species.  It  also  requires  a  shorter  period  from 
hatching  until  sexual  maturity,  so  that  within  a  given  period 
of  time  a  population  of  German  roaches  will  produce  a 
larger  number  of  eggs.  On  the  basis  of  this  fact,  you  can  see 
that  this  species  has  a  high  reproductive  potential . 

Since  the  female  carries  the  egg  capsule  during  nearly  the 
entire  time  the  embryos  are  developing  within  the  egg, 
many  hazards  of  the  environment  which  may  affect  the  eggs 
are  avoided.  This  means  that  more  nymphs  are  likely  to 
hatch  and  that  a  larger  portion  of  the  reproductive  potential 
is  realized. 

The  nymphs  that  hatch  from  each  egg  capsule  tend  to  stay 
close  to  each  other,  and  since  they  are  often  close  to  the 
female  at  time  of  hatching,  there  is  a  tendency  for  the  local 
population  density  to  be  high.  Being  smaller  than  most  of 
the  other  roaches,  they  are  able  to  conceal  themselves  in 
places  inaccessible  to  larger  individuals. 

All  of  these  combing  factors  help  give  the  German 
cockroach  an  advantage  with  regard  to  group  survival. 

The  German  roach  is  very  active.  Both  the  male  and  the 
female  adults  are  fully  winged  although  they  rarely  fly. 
They  are  regularly  carried  from  place  to  place  in  such  things 
as  bagged  potatoes  and  onions,  bottle  cases  and  cartons, 
and  food  packages.  They  travel  readily  from  one  location  to 


another  and  can  pass  through  very  small  openings.  You 
must  look  very  closely  to  find  all  places  where  roaches  may 
be  living.  Places  where  the  German  roach  are  found  will 
generally  be  characterized  by  a  number  of  environmental 
factors.  These  places  will  usually  be  warm,  dark,  and  will 
provide  small  cracks  and  crevices  or  small  openings  into 
dark,  confined  areas.  Such  places  are  usually  moist  or 
located  near  some  source  of  water;  they  will  be  close  to 
some  sort  of  food  supply. 

You'll  usually  find  German  roaches  clustered  closely 
together.  In  populations  that  have  developed  a  resistance  to 
modem  insecticides,  however,  there  is  good  reason  to 
believe  that  individuals  may  scatter  widely  throughout  a 
building.  This  scattering  results  in  distribution  of 
individuals  that  are  not  easily  found  and  that  can  breed  and 
build  up  the  roach  populations  again  in  a  short  time. 

Brown-banded  cockroach.  This  is  one  of  the  smaller 
roaches,  rarely  being  more  than  1/2  inch  long.  It  is  lighx 
brown  and  can  be  readily  distinguished  from  the  German 
roach  by  the  presence  of  two  lighter,  transverse  (running 
from  side  to  side)  bands  across  the  base  of  the  wings  and 
abdomen  in  both  the  adults  and  nymphs.  These  bands  may 
be  somewhat  irregular  or  broken  and  are  more  apparent  on 
the  young  and  the  females  than  on  the  males.  The  female  is 
much  broader  bodied  than  the  male.  Both  males  and 
females  are  quite  active  and  the  adult  males  fly  readily 
when  disturbed.  Both  adults  and  nymphs  may  jump  when 
attempting  to  escape.  They  frequently  occur  in  the  same 
buildings  as  the  German  roach  and  you  must  be  very  careful 
to  identify  the  species  you're  dealing  with  since  the  method 
of  control  is  quite  different  for  each. 

A  female  carries  her  egg  capsule  for  a  day  or  two  and 
then  attaches  it  to  a  protected  surface.  The  egg  case  is  purse 
shaped,  light  brown  in  color,  and  is  cem  nted  in  place, 
usually  to  the  side  or  under  surfaces  of  infested  objects. 
Each  female  will  produce  about  14  capsules  during  her 
aduh  life,  each  containing  about  18  eggs.  These  hatch  in  50 
to  75  days,  depending  on  temperature.  Under  room 
conditions,  nymphs  mature  in  about  160  days.  Adults  may 
live  up  to  10  months. 

You'll  generally  find  nymphs  and  adults  on  ceilings,  high 
on  walls,  behind  picture  frames  and  near  motors  of 
refrigerators  and  other  appliances.  Look  also  in  light 
switches,  closets,  and  furniture.  They  do  not  require  as 
much  moisture  as  German  roaches,  which  helps  explain 
why  they  are  normally  found  in  rooms  other  than  the 
kitchen  or  bathroom.  These  roaches  dislike  light  and  are 
not  normally  seen  during  the  day. 

The  brown-banded  roach's  favorite  food  seems  to  be 
starchy  materials  because  of  the  areas  where  they  are  found. 
However,  they  can  be  found  feeding  on  almost  anything 
and  have  been  known  to  chew  on  nonfood  materials  such  as 
nylon  stockings. 

When  making  an  inspection  for  brown-banded 
cockroaches,  look  beneath  tables  and  chairs,  dressers,  and 
chests,  also  behind  pictures,  along  picture  molding,  on 
rough  plaster  walls  and  ceilings,  and  most  especially  on  the 
ceilings  and  upper  walls  of  cabinets,  pantries,  and  closets. 
No  room  is  immune;  nor  is  any  piece  of  furniture — wood, 
metal  or  upholstered — if  its  construction  provides  shelter. 
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You  may  find  tiny  black  droppings  or  castoff  skins  where 
they  have  fallen  fh>m  above  onto  shelves  or  ledges. 

These  roaches  arc  more  often  found  in  homes, 
dormitories,  &nd  hospital  rooms  than  in  stores,  snack  bars, 
and  dining  facilities.  They  are  frequently  transported  in 
furniture  and  ^^^ill  rapidly  spread  throughout  an  entire 
bu'lding.  They  have  long  been  abundant  in  the  Southern 
States,  but  are  now  found  as  far  north  as  Canada.  In  the 
cooler  Northern  States,  they  are  generally  found  in  the 
wanner  parts  of  buildings. 

Oriental  cockroach.  The  oriental  roach  is  also  referred  to 
as  the  "waterbug,.'* "black  beetle",  and  **shad  roach".  It 
is  found  in  all  parts  of  the  United  States. 

Total  length  of  this  r:>ach  is  about  1  Va  inches  in  females 
and  about  1  inch  in  males.  The  female  has  small, 
functionless  rudimentary  wings  while  those  of  the  male 
cover  about  three*fourths  of  his  abdomen.  Neither  the  male 
nor  the  female  will  fly.  Adults  are  very  dark  brown  or 
black.  Females  are  broader  and  heavier  than  males. 

The  female  carries  her  egg  capsule  for  about  30  hours, 
then  she  drops  or  attaches  it  to  a  protected  surface  near  a 
food  supply.  The  average  female  will  produce  8  capsules, 
each  containing  16  eggs  that  will  hatch,  under  room 
conditions,  in  about  60  days. 

Nymphs  molt  from  7  to  10  times  and  the  nymphal  stage 
usually  takes  about  1  year  to  complete.  Unlike  the  other 
house-infesting  species,  the  oriental  cockroach  appears  to 
have  a  defmite  seasonal  periodicity  in  its  developmental 
cycle.  The  peak  number  of  adults  usually  appears  in  late 
spring  or  early  summer,  but  due  to  natural  mortality,  the 
number  of  adults  in  the  population  is  generally  quite  low  by 
late  summer  and  early  fall.  There  are  usually  a  few  live 
ad^  !ts  in  the  population  throughout  the  year,  but  if  nymphs 
have  not  reached  maturity  by  late  fall  or  early  winter,  their 
development  seems  to  slow  considerably,  with  maturity  not 
being  reached  until  spring. 

The  nymphs  and  adults  have  similar  habits  and  are  found 
associated  with  decaying  organic  matter  indoors  and  out. 
You  may  fmd  them  in  yards,  beneath  leaves,  in  dumps,  and 
in  the  mulch  of  flower  beds.  They  arc  also  common  in 
high*moisturc  situations  such  as  sewers,  drains,  and  dark 
and  damp  basements.  Both  the  nymphs  and  adults  are 
sluggish  and  are  usually  located  at  or  below  ground  level. 
They  arc  seldom  found  on  walls,  in  high  cupboards,  or  in 
the  upper  floors  of  buildings. 

They  feed  on  all  kinds  of  filth  and  rubbish  and  other 
decaying  organic  matter.  They  seem  especially  fond  of 
garbage  and  the  contend  of  discarded  tin  cans.  They  can 
live  for  a  month  without  food  if  water  is  available,  but  they 
die  within  2  weeks  without  water. 

In  many  areas  the  oriental  cockroach  spends  considerable 
time  outdoors  during  warm  weather.  In  periods  of  drought 
there  may  be  mass  movement  into  structures,  apparently  in 
relation  to  humidity  levels.  As  cold  weather  approaches  (or 
sometimes  during  unseasonably  cool  periods)  a  similar 
indoor  migration  may  occur  in  response  to  temperature. 
There  may  be  considerable  group  movement  within  heated 
structures  during  cold  weather,  particularly  in  situations 
where  certain  areas  of  the  building  are  maintained  at  a 
higher  temperature  than  other  areas. 


American  cockroach.  The  American  roach  is  also  known 
as  the  **waterbug,."* 'Bombay  canary",  and  the  ** flying 
water  bug".  It  is  the  largest  of  the  common  specie.s, 
growing  to  a  length  of  Wz  inches  or  more.  It  is  reddish- 
brown,  with  a  yellow  border  on  the  back  of  the  pronotum. 
Both  male  and  female  are  fully  winged,  with  the  wings  of 
the  male  extending  slightly  beyond  the  tip  of  the  abdomen 
while  those  of  the  female  are  about  the  same  length  as  the 
abdomen. 

The  female  drops  her  egg  capsule  within  a  day  after  it's 
fonned.  It  may  simply  be  dropped  in  a  suitable  location 
(such  as  near  a  food  source,  along  the  walls  of  basements 
or — in  the  Sou ;h— outdoors  in  decaying  moist  wood)  or 
glued  to  some  "urface  with  secretions  from  the  female's 
mouth.  The  female  forms  egg  capsules  at  the  rate  of  about 
one  per  week  until  15  to  90  have  been  produced.  Each 
capsule  contains  14  to  16  eggs.  At  room  temperature, 
nymphs  will  hatch  out  in  50  to  55  days.  In  the  process  of 
hatching,  nymphs  will  molt  leaving  their  cast  skins  in  the 
egg  case . 

Young  nymphs  arc  grayish  brown  and  each  will  molt  9  to 
13  times  before  reaching  maturity.  After  the  first  few  molts, 
nymphs  become  more  and  more  of  a  reddish-brown  color. 
The  time  required  for  completing  the  nymphal  stage  varies 
from  160  to  971  days.  At  room  temperature,  an  adult 
female  will  live  for  an  average  of  about  440  days;  males 
live  for  a  somewhat  shorter  period. 

You  may  find  nymphs  and  adults  in  dark,  moist  areas, 
such  as  around  bathtubs,  clothes  hampers,  and  in  sewers. 
They  are  common  in  basements  and  are  usually  found  high 
on  the  basement  walls  and  in  the  comers.  In  the  North,  this 
roach  is  commonly  associated  with  steam-heat  tunnels.  As 
this  practice  decreases  in  cities,  the  American  roach  in  the 
North  will  be  restricted  primarily  to  large  institutions  and 
industries  which  still  use  steam-heat  tunnels.  The  American 
roach  is  also  common  around  manholes  in  sewers  and  on 
the  underside  of  mcf  ^overs  of  large  sump  pumps  in  boiler 
rooms. 

In  the  South,  this  roach  is  abundant  in  alleyways,  yards, 
hollow  trees,  and  palm  trees.  When  palm  trees  are  sprayed 
for  other  insects,  the  roaches  leave  the  trees  and  enter 
homes.  It  has  also  been  observed  migrating  from  one 
building  to  another  in  the  North  during  warm  months. 

These  roaches  feed  on  a  variety  of  foods,  but  they  seem 
to  prefer  decaying  organic  matter.  They  also  feed  upon 
book  bindings,  manuscripts,  clothing,  and  glossy  paper 
with  starch  sizing.  Syrup  and  other  sweets  are  attractive 
also.  The  adults  can  survive  2  or  3  months  without  food,  but 
they  can  only  live  a  month  without  water. 

The  adults  have  well-developed  wings  but  seldom  fiy. 
They  are  capable  of  gliding  long  distances  and  will  cover 
considerable  distances  if  they  take  off  from  a  tree  or 
rooftop.  It  has  been  reported  that  this  insect  has  been  seen 
flying  in  the  South  (as  far  north  as  Kentucky). 

Australian  cockroach.  The  Australian  roach  is  similar  in 
appearance  to  the  American  roach  but  is  rarely  more  than 
Wa  inches  long.  It  is  reddish-brown  and  can  be 
distinguished  by  a  prominent  yellow  stripe  along  the  outer 
front  edge  of  its  wings  and  by  a  prominent  dark  spot  in  the 
center  of  the  pronotum. 


628 


An  adult  female  drops  her  egg  capsule  in  cracks, 
crevices,  and  other  hidden  areas  shortly  after  it  is  formed. 
The  eggs  hatch  in  about  30  days  after  the  egg  capsule  is 
droppcid.  There  are  about  24  eggs  per  capsule,  but  only 
about  two-thirds  of  this  number  usually  hatch.  Egg  capsules 
arc  compl'^sd  and  dropped  at  about  10-day  intervals. 

The  nymphs  are  strikingly  marked  with  distinct  splotches 
of  yellow  on  the  dorsal  side  of  the  thorax  and  abdomen. 
Nymphs  move  about  under  loose  bark  and  in  moist 
decaying  vegetation,  as  do  adults. 

This  is  mostly  a  southern  roach  but  has  been  found  in 
greenhouses  and  homes  in  the  Northern  States.  It  feeds 
mainly  on  plant  materials,  although  it  wili  teed  on  starchy 
materials  such  as  book  covers  in  homes. 

Exercises  (C02): 

1.  Match  the  types  of  cockroaches  in  column  B  to  their 
specific  characteristics  in  column  A.  Column  B  items 
may  be  used  more  than  once. 


Column  A 

this  accounts  for  it's 
being  found  more  com- 
monly outside  kitchens 
and  bathrooms. 
(U)  This  roach  is  associated 
with  dark,  moist  areas 
such,  as  around  bathtubs, 
clothes  hampers,  and  in 
sewers. 

(12)  This  roach  is  a  genera! 
feeder,  but  seems  to 
prefer  fermented  foods. 

(13)  This  cockroach  is  usually 
found  in  association  with 
decaying  organic  matter 
indoors  and  outdoors. 

(14)  This  roach  is  more  com- 
monly found  in  homes, 
dormitories,  and  hospitals 
than  in  stores,  snack  bars, 
or  dining  facilities. 


Column  B 


Column  A 

(1)  This  large  roach  is  about 
V/i  inch  long  or  more, 
reddish  brown,  with  a 
yellow  border  on  the  back 
of  the  pronotum. 

(2)  This  roach  is  about  Ml 
inch  long  and  light  in 
color  with  two  transverse 
bands  across  the  base  of 
the  wings. 

(3)  Two  dark  stripes  on  the 
pronotum  distinguish  this 
roach  from  others. 

(4)  This  large,  reddish-brown 
roach  has  a  prominent 
yellow  stripe  along  the 
outer  front  edges  of  its 
wings. 

(5)  Adults  of  this  roach  are 
very  dark  brown  to  black 
and  are  1-116  inches 
long.  Females  are  broader 
and  heavier  than  males. 

(6)  Nymphs  of  this  roach  are 
originally  grayish  brown, 
but  become  more  of  a 
reddish-brown  color  as 
they  molt. 

(7)  Populations  of  this  roach 
peak  in  late  spring  or 
early  summer  but  are  very 
low  by  late  summer  and 
early  fall. 

.  (8)  This  is  the  only  common 
house-infesting  cock- 
roach that  carries  the 
occtheca  for  an  extended 
time. 

.  (9)  This  roach  feeds  mainly 
on  plant  materials  but  will 
attach  to  starchy  materials 
such  as  bookcovers  in 
homes. 

.  (10)  This  roach  doesn't  need 
as  much  moisture  as  the 
German  cockroach  and 


Column  B 

a.  German. 

b.  Brown- 
banded. 

c.  Oriental. 

d.  American. 

e.  Australian. 


C03.  Describe  control  principles  and  techniques  for 
cockroaches. 

You  can  occasionally  detect  the  presence  of  cockroaches 
by  the  damage  they  do  or  by  the  fecal  matter  they  deposit. 
These  are  clues,  and  just  as  symptoms  are  useful  to  a  doctor 
in  diagnosing  a  disease,  so  will  clues  help  you  diagnose 
your  roach  problem.  Cockroaches  may  use  such  things  as 
glue,  paste,  starch,  and  certain  color  dyes  as  foods.  As  a 
result,  such  things  as  stamps,  envelopes,  book  bindings, 
draperies,  and  some  wallpapers  may  show  signs  of  feeding. 
The  size  of  the  mandible  marks  and  the  apparent  degree  of 
vigor  with  which  they  feed  are  indications  oi  the  type  of 
roach  which  did  the  damage.  In  a  similar  manner,  the  size 
and  shape  of  fecal  droppings  are  clues  to  the  roach 
involved. 

The  greatest  economic  loss  to  cockroaches  is  a  result  of 
their  habit  of  feeding  in  unsanitary  places  such  as  sewers, 
garbage  disposal,  storage  areas,  etc.  They  spread  this  filth 
from  these  areas  to  food  supplies  with  far  more  goods  being 
contaminated  by  roaches  than  eaten. 

Cockroach  Control  Principles  and  Techniques. 
Controlling  cockroaches  takes  a  great  deal  of  care  and 
planning  on  your  part.  You  must  search  closely  for  their 
hiding  places  and  treat  them  thoroughly.  Regardless  of  the 
type  of  insecticide  used,  chemicals  you  apply  in  or  near 
regular  hiding  places  will  give  much  better  control  than 
those  placed  where  roaches  will  only  walk  over  them 
occasionally. 

In  controlling  many  species,  good  sanitation  is  fully  as 
important  as  chemical  applications.  Work  closely  with 
building  occupants  to  see  that  all  possible  sources  of  food 
supply  arc  removed.  Cleanliness  and  good  housekeeping 
are  very  important.  Occupants  should  never  leave  food 
products  exposed  and  should  always  keep  garbage  in  closed 
containers.  They  should  give  particular  attention  to  dog 
and  cat  foods  since  roaches  can  live  on  these  alone. 
Encourage  occupants  to  eliminate  dripping  faucets  and 
leaking  water  pipes  and  keep  sewer  openings  screened. 
Incoming  merchandise,  especially  groceries  and  drink 
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cartons,  should  be  inspected  for  cockroaches  and  egg 
capsules.  Empty  drink  containers  should  be  stored  or 
discarded.  Needless  accumulation  of  boxes  and  other  trash 
should  be  avoided.  Excluding  roaches  by  such  methods  as 
equipment  design,  good  screening,  tight-fitting  doors,  and 
by  filling  cracks  and  crevices  is  an  important  consideration 
in  the  total  program  of  prevention  and  control. 

In  spite  of  rigorous  sanitation,  cockroaches  do  become 
established  in  some  Incations.  InQprtiridp^i  nrp  thr»n  needed 
to  aliecl  piacllcal  cuiiiiui.  UelOie  Ui  during  tieatment,  make 
a  thorough  inspection  with  a  flashlight  to  locate  infested 
sites  and  use  a  flushing  agent.  Control  chemicals  may  be 
oil-based  sprays,  emulsions,  dusts  and,  for  some  species, 
baits.  Your  choice  of  the  chemical  formulation  will 
frequently  depend  on  the  situation  you  must  treat. 
Obviously,  you  can't  use  dusts  where  they  would  be 
unsightly  or  would  cause  contamination  problems.  On 
porous  surfaces,  oils  will  penetrate  deeply  and  leave  less 
residual  insecticide  on  the  surface  than  will  a  water 
emulsion.  Usually  a  residual  chemical  is  preferred  for  roach 
control,  but  in  many  instances,  it  may  be  necessary  or 
desirable  to  use  a  contact  spray.  Frequently,  you  may  use  a 
combination  of  residual  insecticide  together  with  a  contact 
insecticide.  Common  residual  insecticides,  applied  as  either 
oil-based  sprays  or  water  emulsions  are  3  percent 
Malathion,  1  percent  Diazinon,  0.5  percent  Dursban,  and  1 
percent  Baygon.  These  sprays  should  be  applied  to 
cockroach  harborages  with  emphasis  on  cracks  and 
crevices;  minimize  treatment  of  exposed  surfaces.  When  it 
is  necessary  to  treat  exposed  surfaces,  make  the  application 
with  a  low-pressure  spray.  Avoid  runoff  or  puddling. 
Excess  spray  should  be  wiped  up  immediately  to  avoid 
staining  or  damaging  certain  materials.  Other  precautions 
include: 

•  Do  not  apply  oil-based  insecticides  near  open  flames, 
to  tile  floors  or  to  plants. 

•  Do  not  use  water-based  sprays  near  electrical  outlets. 

•  Remove  pets  and  cover  aquariums  before  spraying 
and  allow  treated  surfaces  to  dry  before  dishes,  foods, 
and  other  articles  are  placed  on  them. 

The  most  important  things  to  remember  are  to  use  only 
formulations  registered  by  EPA  for  such  use  and  to  read  and 
follow  label  directions  to  the  letter. 

Since  you  must  use  crack  and  crevice  treatments  in  food 
handling  facilities — and  also  since  it  works  so  well — ^you 
can  use  a  simple  technique  of  simultaneously  inspecting 
and  treating  for  cockroaches  in  these  areas.  Depending  on 
the  size  of  the  job  and  the  number  of  workers,  you  can  use 
1-3  people.  For  a  large  facility,  such  as  a  dining  hall,  here's 
a  3-person  model  that  works  well: 

(1)  Equip  the  first  worker  with  an  aerosol  bomb  to  use  as 
a  flushing  agent.  He  or  she  will  precede  the  others, 
checking  all  cracks  and  crevices  which  may  harbo: 
cockroaches.  This  person  must  move  slowly  and  carefully 
to  ensure  complete  inspection  in  all  areas.  In  anything 
except  a  small  building  or  house,  this  should  be  the  only  job 
this  worker  has. 

(2)  The  other  worker(s)  should  have  a  liquid  and  a  dust 
insecticide  in  equipment  designed  for  crack  and  crevice 
application.  In  areas  where  the  inspector  finds  cockroaches* 
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a  residual  liquid  or  dust  should  be  applied,  whichever  is 
safer. 

(3)  If  possible,  and  if  building  conditions  warrant, 
arrange  to  have  somebody  (possibly  a  masonry  specialist)  to 
follow  the  others  and  apply  caulking  to  as  many  cracks  and 
crevices  as  possible.  This  way,  cockroaches  in  these  areas 
are  killed  by  the  injected  pesticide,  and  future  cockroaches 
are  prevented  from  re  entering  these  spots. 

Contact  or  space  sprays  are  used  to  knock  down  and  flush 
cockroaches  from  hiding  places.  Use  insecticides  such  as 
dichlorvos,  synergized  pyrethrins,  and  synthetic 
pyrethroids  to  supplement  residual  sprays.  These  contact 
sprays  will  irritate  insects,  causing  a  very  rapid  response. 
For  this  reason  they  are  frequently  used  by  pest  managers  to 
flush  insects  from  their  hiding  places.  Space  treatments 
alone  do  not  penetrate  cracks  and  crevices  well  enough  to 
provide  effective  control;  however,  cockroaches  on 
exposed  surfaces  can  be  killed  with  space  treatments. 

Dusts  aie  useful  for  placing  insecticides  into  cracks  and 
crevices,  under  large  appliances,  and  other  harborage  areas. 
Light  applications  are  usually  most  effective  since  heavy 
applications  tend  to  be  re[)ellent.  Dusts  generally  provide 
longer  residual  control  than  do  sprays,  but  they  become 
ineffective  under  conditions  of  excessive  moisture.  Dusts 
used  include  2  percent  Diazinon,  64  percent  boric  acid,  and 
1  percent  Ficam.  Silica  aerogels,  either  alone  or  in 
combination  with  insecticides,  are  also  available. 

Baits  are  generally  long  lasting  and  can  be  applied  to 
areas  you  can't  effectively  treat  with  sprays  or  dusts.  Baits 
include  an  attractant,  such  as  peanut  butter  or  syrup,  in 
addition  to  an  insecticide.  Baits  recommended  in  cockroach 
control  include  2  percent  Baygon  and  5  percent  Dursban. 
Use  baits  in  small  amounts  placed  very  close  together  in 
order  to  compete  with  other  food  sources.  They  are  usually 
supplemental  to  dusts  and  sprays,  and  you  must  apply  them 
so  they  are  inaccessible  to  children  and  pets.  Use  caution 
when  applying  paste-type  baits  in  heated  areas,  as  heat 
often  causes  these  formulations  to  run  and  dnp. 

Power  sprayers,  mist  blowers,  and  thermal  fog  machines 
may  all  be  used  for  roach  control.  Inside  structures, 
however,  a  hand-operated  compressed-air  sprayer  is  most 
commonly  used.  To  apply  a  residual  over  a  general 
surface,  use  a  fan  or  cone  nozzle. 

Dusters  most  commonly  used  in  roach  control  are  small 
rubber  bulb  or  bellows-type  hand  dusters.  Such  dusters  are 
designed  so  you  can  place  a  small  amount  of  dust  in  narrow 
cracks  and  crevices. 

German  cockroach  control.  The  German  roach  is 
usually  found  near  a  source  of  water  and  food.  Check  places 
such  as  cracks  and  crevices,  under  the  tops  of  tables,  behind 
sinks,  in  cabinets,  the  motor  compartments  of  refrigerators 
and  soft  drink  dispensing  machines,  underneath  the  bases  of 
kitchen  equipment  on  the  floor,  in  switch  boxes  and  fuse 
boxes,  underneath  cafeteria  counters  and  soda  fountains,  in 
cash  registers,  in  vegetable  bins,  around  meat  counters  and 
check-out  stands,  under  meat-cutting  blocks,  and  anywhere 
else  conditions  are  favorable.  It  is  obviously  impossible  to 
list  all  places  where  the  German  roach  may  live,  so  you 
must  look  thoroughly  to  be  sure  you  find  all  resting  places 
similar  to  those  mentioned  here. 
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Because  German  roaches  have  become  quite  resistant  to 
most  chlorinated  hydrocarbon  insecticides,  other  chemicals 
are  required  to  give  residual  control.  Most  frequently  used 
are  Diazinon,  Dursban,  and  Baygon.  Dichlorvos  and 
synergized  pyrethrins  axe  often  added  to  tesidual  sprays  tor 
their  flushing  value. 

Crack  and  crevice  treatments  are  best  for  German 
cockroach  control  since  you  get  them  where  they  live.  For 
this  application,  use  a  fine  pin-stream  nozzle  or  a  nozzle 
equipped  with  an  extension  tube,  and  aim  the  insecticide  as 
directly  into  the  crack  as  possible  so  the  insecticide  will 
penetrate  deeply.  You  don't  need  to  have  the  sprayer 
pumped  to  a  high  pressure.  Any  pressure  from  15  to  40 
pounds  is  adequate.  If  you  need  to  make  a  spot  treatment, 
use  a  flat  fan  nozzle  and  be  sure  to  use  an  insecticide 
approved  for  spot  treatments  if  the  control  problem  is  in  a 
food-handling  establishment. 

Where  you  have  to  spray  near  dishes,  glassware,  or 
cooking  utensils,  cover  them  with  material  such  as  a 
polyethylene  sheet  or  a  clean  cloth  before  spraying  and  be 
sure  not  to  contaminate  any  of  them  with  insecticide. 

Dusts  used  for  German  roach  control  will  give  longer 
lasting  results  if  you  can  apply  them  in  dry  areas,  and  you 
can  use  them  to  supplement  residual  sprays.  You  can  apply 
dusts  with  power  dusters  or  plunger  duster;  however,  the 
most  common  type  used  by  pest  managers  is  the  hand- 
operated  bellows  or  rubber-bulb  duster.  The  duster  you 
select  should  depend  Upon  the  size  of  the  void  area  you 
must  treat. 

ULV  applications  of  pyrethrins  are  being  used  to  some 
extent  in  German  cockroach  control  programs.  These 
applications  should  be  used  to  supplement  residual  sprays 
except  in  areas  where  the  use  of  residual  insecticides  is 
prohibited. 

With  either  liquids  or  dusts,  you  must  have  a  clean  rag 
handy  to  immediately  wipe  up  any  spilled  materials  which 
might  be  dangerous  or  unsightly. 

In  some  areas,  resistance  to  certain  insecticides  has  been 
found  in  German  cockroach  populations.  Resistance  to 
chlorinated  hydrocarbon  insecticides  such  as  chlordane  is 
very  common,  but  has  also  been  found  in  more  scattered 
instances  to  organophosphate  materials  such  as  Diazinon. 
Properly  using  only  recommended  insecticides  is  one  way 
to  get  best  control  results.  Remember,  there  are  a  number  of 
reasons  tor  poor  control  such  as  ineffective  and  incomplete 
application  methods  and  the  removal  of  the  pesticide  by 
cleaning  before  it  has  had  a  chance  to  do  its  work. 
Therefore,  be  careful  not  to  blcane  resistance  where  other 
factors  are  responsible. 

Brown-banded  cockroach  control.  Brown-banded 
cockroaches,  with  their  preference  for  very  warm 
temperatures,  are  usually  found  widely  dispersed  in  houses 
and  only  infrequently  elsewhere.  They  are  often  difficult  to 
control  with  either  direct  sprays,  residuals,  or  by  dusting 
because  they  live  as  individuals  scattered  all  over  the 
premises. 

When  you  apply  sprays  or  dusts,  be  sure  you  carefully 
treat  such  places  as  inside  bureaus,  shqlves  in  clothes 
closets,  ceiling  light  fixtures,  and  valances  ibove  windows. 
Learn  their  hiding  places,  and  make  a  thorough  inspection 
of  the  premises  before  yv^u  start. 


Many  pest  managers  use  contact  insccticicles  in  mist  or 
ULV  machines  to  treat  the  whole  area  inside  a  house.  When 
you  use  this  technique,  be  sure  to  open  all  drawers  and 
closet  doors  so  the  chemicals  will  have  a  better  chance  to 
reach  the  places  where  roaches  are  hiding.  Then  keep  the 
building  closed  for  several  hours  after  application  to  assure 
adequate  control. 

American  cockroach  control.  These  large  roaches  are 
found  in  dark,  damp,  warm  places  and  frequently 
congregate  in  colonies  in  more  or  less  open  spaces  rather 
than  in  cracks  and  crevices.  You'll  most  often  find  them 
near  steam  pipes,  in  sewei-s,  grease  traps,  damp  basements, 
and  similar  places. 

Control  American  roaches  with  sprays,  dusts,  or  baits. 
Residuals  you  apply  in  infested  areas  will  kill  American 
roaches  slowly  but  effectively.  Residual  sprays  that  are 
recommended  include  0.5  percent  Dursban,  1  percent 
Diazinon  and  1  percent  Baygon.  They  can  also  be  killed  by 
spraying  them  directly  with  residual  sprays  or  with  the  usual 
knockdown  insecticides. 

These  roaches  will  also  feed  upon  commercially 
available  baits.  It  is  important  to  remember  that  small 
amounts  of  baits  should  be  placed  less  than  3  feet  apart  for 
maximum  effectiveness,  and  you  should  usually  use  baits  to 
supplement  dusts  and  residual  spray  applications. 

Oriental  cockroach  control.  Oriental  roaches  prefer 
dark,  tnoist  situations  when  they  live  indoors  and  are 
frequently  found  in  areas  such  as  under  [>orch  s,  in  crawl 
spaces,  basements,  and  floor  drains.  You  may  also  find 
them  outdoors  in  abandoned  cisterns,  valve  pits,  and  in 
garbage  and  trash  dumps.  You  can  control  them  with  the 
same  residual  and  contact  chemicals  you  use  for  tne 
American  roach.  The  same  bait  formulations  used  for 
American  cockroach  control  may  also  be  used  for  Oriental 
cockroaches;  however,  the  moist  situations  where  you 
normally  find  the  Oriental  roach  will  render  the  application 
useless  in  a  much  shorter  time  whether  it  be  baits  or 
otherwise. 

Because  Oriental  cockroaches  often  move  into  dwellings 
in  large  numbers,  a  barrier  treatment  is  often  used  for  their 
control.  Treat  the  ground  immediately  around  a  building 
and  the  foundation  with  either  a  spray  or  dust  application  of 
Diazinon. 

Exercises  (C03): 

1.  List  5  nonchemical  controls  building  occupants  may 
take  to  help  control  cockroach  infestation. 
(1) 
(2) 
(3) 
(4) 
(5) 


2.  Under  what  conditions  should  you  avoid  using  residual 
dusts  to  control  cockroaches? 
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3.  What  are  your  two  most  important  considerations  in 
choosing  a  chemical  for  cockro^tch  control? 


4.  In   what    areas   are   dusts    useful    in  controlling 
cockroaches? 


5.  Why  is  it  important  to  make  light  applications  of 
dusts? 


6.  How    should    you    place    baits    used    to  control 
cockroaches? 


7.  List  8  areas  wnere  you  should  apply  pesticides  for 
German  cockroach  control. 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


8.  In  what  way  is  ULV  pesticide  application  useful? 


9.  After  carefully  surveying,  where  should  you  apply 
pesticide  to  treat  brown-banded  cockroaches? 


10.  What  areas  should  you  focus  on  for  controlling 
American  cockroaches? 


II.  What  areas  should  you  treat  for  Oriental  cockroach 
control? 
a.  Indoors — 


b.  Outdoors — 


1-2,  Ants 

Ants  are  among  the  most  abundant  of  animals  beint^ 
found  under  both  arid  and  humid  conditions  in  the  tropical, 
temperate,  and  upper  temperate  regions  of  the  world.  They 
feed  upon  every  lood  consumed  by  humans  and  are 
troublesome  household  pests.  You  must  be  able  to  identify 
important  ant  species,  know  their  habits,  and  be  able  to  use 
the  control  measures  that  are  effective  in  their  manaetMnent. 

C04,  Describe  general  characteristics  and  other  aspects 
of  ants. 

General  Characteristics,  Ants  usually  have  distinctly 
elbowed  antennae  in  which  the  first  segment  is  quite 
elongated.  This  long  first  segment  at  the  antenna's  base  is 
called  the  scape.  It  is  followed  by  a  second  segment  which 
is  much  smaller  and  which,  though  properly  called  the 
pedicel,  is  ver>'  much  like  the  segments  beyond  that  make 
up  rh^funicle.  In  some  species  the  terminal  two  or  three 
segments  are  enlarged  and  are  known  as  the  club  (fig.  1-4). 

The  one  or  two  basal  segments  of  the  abdomen  are  much 
smaller  than  those  which  make  up  the  rest  of  this  body 
region,  giving  the  body  of  the  ant  a  rather  ''thin-waisted" 
appearance.  This  thin  waist,  called  the  abdominal  pedicel, 
may  consist  of  one  or  two  segments  and  each  segment  is 
somewhat  enlarged  on  the  upper  surface.  This  enlargement 
may  vary  in  shape  from  a  slight  hump  to  a  rather  high, 
flattened,  plate  like  structure.  It  is  very  important  to  become 
familiar  with  this  structure  (usually  called  a  node  in 
publications  on  ants)  since  it  is  a  characteristic  which  will 
separate  ants  from  all  other  insects  of  similar  general 
appearance.  The  number  of  segments  in  the  pedicel  and  the 
shape  of  the  node  or  nodes  thereon  is  of  considerable 
importance  when  you  must  determine  the  genus  and  species 
of  an  ant.  Mature  males  and  females  of  many  species  are 
winged  as  are  adult  termites.  The  front  pair  of  wings  of  the 
ant  are  always  longer  and  wider  than  the  hind  pair.  When  at 
rest  the  wings  extend  only  slightly  beyond  the  tip  of  the 
abdomen.  The  mandibles  are  the  most  conspicuous  of  the 
mouthparts.  They  are  supplied  with  well-developed 
musculature  they  use  to  carry  and  break  up  food,  excavate 
burrows  in  wood  or  in  the  ground,  and  as  weapons  of 
offense  and  defense. 

The  antennae  of  ants  are  especially  important  organs 
because  they  are  the  site  of  many  sensory  cells,  particularly 
those  of  touch  and  taste. 

Most  of  our  domestic  ants  either  do  not  have  the  ability  to 
sting,  or  retain  it  only  to  a  limited  degree,  bu\  many  ants  of 
tropical  regions  are  serious  pests  because  of  their  well- 
developed  ability  to  sting. 

Though  most  ants  are  easily  recognized,  there  are  a  few 
other  insects  that  strongly  resemble  ants,  and  some  of  the 
winged  forms  of  ants  resemble  winged  termites.  Ants  have 
the  front  pair  of  wings  larger  than  the  hind  pair  while 
termites  have  the  four  wings  all  of  about  the  same  size.  In 
addition,  ants  have  the  thin  waist  where  the  abdomen  ard 
thorax  join  while  termites  have  a  broad  waist,  and  ants  have 
elbowed  antennae  while  termites  have  straight  antennae. 
These  last  two  features,  the  thin  waist  and  elbowed 
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Figure  1--4.  Diagram  of  a  typical  ant. 


antennae,  apply  to  both  the  wingless  and  winged  forms  of 
ants,  and  they  are  also  useful  in  distinguishing  them  from 
other  small  insects  with  which  they  can  be  confused. 

Biology.  Ants  experience  complete  metamorphosis:  egg, 
larva,  pupa,  and  adult.  The  egg  is  almost  microscopic  in 
size  and  varies  in  shape  according  tc  the  species.  On 
hatching,  it  produces  a  soft,  legless  larva.  The  larva  is 
usually  more  or  less  translucent,  gourd'  or  squash-shaped 
with  the  head  at  the  narrow  end.  After  feeding  and  several 
molts,  the  larva  pupates.  The  pupa  resembles  the  adult,  but 
it  is  soft,  while,  and  does  not  move  about  or  feed.  In  some 
species,  all  of  the  pupae  are  naked;  in  others,  the  pupae  are 
enclosed  in  silk  cocoons;  and  in  others,  the  pupae  may  be 
either.  The  pupae,  especially  those  in  cocoons,  are 
commonly  called  **ant  eggs"  and  are  sold  in  pet  shops 
under  this  name.  If  you  move  a  stone  or  board  under  which 
a  colony  is  living,  you  may  see  the  adults  carrying  the 
pupae  (or  **ant  eggs")  and  larvae  off;  and  if  you  look 
closely  enough,  you  may  see  the  ants  carrying  the  true  eggs, 
which  are  very  tiny. 

New  adults  may  need  a  few  days  to  attain  complete 
maturity  after  emergence  from  the  pupae.  During  this 
period,  their  bodies  become  hard  and  attain  the  color  of 
mature  adults.  Six  weeks  to  two  months  or  more  are 
required  for  development  from  the  egg  to  the  adult  stage. 
The  time  varies  according  to  season,  temperature,  and 
species. 

Ants  live  in  colonies  and  have  a  well-developed  caste 
system  for  dividing  labor  within  the  colony.  In  most  of  our 
common  species,  the  colony  is  established  by  a  newly 
mated  queen,  which  drops  her  wings  and  digs  a  small  nest 
or  seeks  a  small  cavity  under  a  stone  or  a  piece  of  bark  to 
start  the  nest.  The  queen  seals  herself  in  this  cell  and 
remains  nearly  dormant  while  the  eggs  develop  in  her  body. 
When  mature,  the  eggs  are  laid  and  hatch  in  the  sealed  cell, 
with  the  queen  nursing  and  feeding  the  larvae  from  hatching 


to  pupation.  The  workers  that  develop  from  these  first  eggs 
arc  always  undersized,  which  may  be  due  to  the  small  rood 
supply  available  to  them.  These  workers  then  dig  an 
opening  out  of  the  cell  and  forage  for  food  for  both 
themselves  and  the  queen.  With  an  additional  supply  of 
food  available,  the  queen  is  then  able  to  lay  more  eggs.  The 
workers  care  for  the  new  eggs  and  the  larvae  which  develop 
from  them  in  each  succeeding  generation  so  the  colony 
develops  and  expands  rapidly.  Numerous  males  and  queens 
are  formed  as  the  colony  develops  and,  at  a  suitable  time, 
these  leave  the  nest  and  establish  new  colonies. 

Ant  colonies  normally  have  three  distinct  castes: 
workers,  reproductive  females  (queens),  and  reproductive 
males  (kings).  Workers  are  sterile  females  and  may  vary 
considerably  in  size.  All  work  in  the  colony,  such  as 
building  the  nest,  caring  for  the  young,  and  hunting  for  food 
is  performed  by  this  caste.  Workers  aren't  always  the  same 
size  in  a  given  species.  When  the  workers  of  a  species  are 
about  the  same  size  and  structure,  the  species  is  called 
monomorphic  (one  form).  An  example  is  the  Argentine  ant. 
When  workers  of  one  species  are  of  two  or  more  sizes  and 
types,  the  species  is  called  polymorphic  (many  forms).  An 
example  is  the  black  carpenter  ant.  Large  workers  with 
well-developed  mandibles  are  called  soldiers. 

Queens  are  the  largest  individuals  in  a  colony.  Those 
which  have  not  mated  usually  retain  their  wings  while  tl  • 
mated  queens  lIo  not.  After  developing  the  first  brood  of 
eggs,  the  queen  is  cleaned,  fed,  and  otherwise  cared  for  by 
the  workers — her  only  function  being  to  lay  eggs.  If  the 
queen  in  a  colony  should  die,  she  will  be  replaced  by 
another  queen  so  the  colony  will  continue  to  exist.  Most 
species  have  only  one  queen  per  colony,  but  colonies  of 
some  species  may  have  many  queens,  such  as  with  Pharoah 
ants. 

The  males  perform  no  function  other  than  to  fertilize  the 
queen.  There  are  usually  only  a  small  number  of  them  in 
any  given  colony  and,  in  those  species  which  have  winged 
queens,  the  male  also  will  have  wings.  After  mating  the 
male  dies.  Mating  may  take  place  in  the  nest,  on  the 
ground,  or  in  the  air.  Males  are  produced  only  in  old  or  very 
large  colonies.  Adult  males  do  not  remain  in  the  nest  long 
and  may  succumb  to  predators  and  the  elements  without 
mating. 

Economic  Importance.  Ants  may  adversely  affect 
people  by  stinging  and  biting;  by  invading  and 
contaminating  food;  by  nesting  in  lawns,  golf  courses  and 
premises;  by  stealing  seeds  from  seed  beds  or  by  feeding  on 
germinating  seeds;  by  defoliating  or  gnawing  into  plants 
and  plant  products,  fostering  other  injurious  insects,  such  as 
plant  lice  and  mealy  bugs;  by  gnawing  holes  in  various 
types  of  fabrics,  such  as  removing  the  rubber  insulation 
from  telephone  wires  or  other  equipment;  by  killing  young 
poultry,  birds,  livestock  or  game;  by  annoying  domestic 
animals  by  their  presence;  and  possibly  by  transmitting 
certain  human  diseases  in  crawling  over  sputum,  feces, 
carrion,  etc.  Carpenter  ants  can  cause  serious  damage  to 
wooden  structures.  However,  only  a  small  number  of 
species  or  forms  are  involved,  with  most  ants  being  neutral 
or  even  beneficial . 
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Exercises  (C04): 

1.  What  part  of  an  ant's  anatomy  gives  it  a  **thin- 
waisted''  appearance? 


2.  Why  is  it  important  to  note  the  shape  of  the  node  on  an 
ant? 


3.  What  purposes  do  antennae  serve  on  ants? 


4.  Describe  the  physical  characteristics  of  ant  lar\'ae. 


5.  What  are  the  castes  usually  found  in  an  ant  colony? 


COS.  Identify  various  ant  species  with  their  physical  and 
behavioral  characteristics. 

Common  Ant  Pests.  Because  of  the  wide  variations  in 
food  and  living  habits  of  different  species  of  ants,  you  must 
frequently  know  the  exact  ant  you  must  control.  The 
pictorial  key  in  figure  1-5  will  tentatively  identify  the 
common  ants.  Refer  to  the  specific  descriptions  to  find  the 
species  with  which  you're  working.  The  key  is  designed  as 
an  aid  in  identifying  common  ants  you  may  find  around  the 
home  and  may  not  help  you  identifv  species  found  in  other 
situations. 

Argentine  ants  (Iridomyrmex  humilis).  The  Argentine 
ani  is  a  severe  pest  in  the  Southern  States  and  in  California, 
although  isolated  occurrences  have  been  reported  from 
more  northern  areas.  In  areas  of  heavy  infestation  it  may  be 
found  in  practically  every  home.  It  does  not  sting  but  can 
bite  severely. 

Workers  are  2.2  to  2.8  mm  long  and  are  light  to  dark 
brown  in  color  (fig.  1-5).  Queens  are  much  larger — 4  to  6 
nun  long.  Many  fertile  queens  are  in  each  nest  and 
apparently  live  in  harmony  with  each  other.  Mating  usually 
takes  place  inside  the  nest  so  winged  forms  aren't  usually 
found.  The  queen,  in  addition  to  laying  eggs,  also  cleans 
and  feeds  herself  and  is  active  in  feeding  and  grooming  the 
young.  The  sole  function  of  the  winged  male  is  fertilizing 
the  queen,  and  he  is  eliminated  promptly  from  the  nest  after 
this. 

Nests  are  built  in  moist  situations  such  as  in  the  soil,  next 
to  buildings  and  along  sidewalks,  beneath  boards  and 
plants,  and  under  buildings.  These  nests  are  usually  made 
near  a  good  source  of  both  water  and  food.  This  ant  prefers 
sweet  foods,  principally  such  things  as  sugars,  syrup,  fruit 
juices,  secretions  of  plants  and  honeydew  from  aphids, 
scale  insects,  and  other  insects.  The  ants  forage  for  food 
along  regular  paths  extending  out  from  the  nest  and  then 
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branch  out  to  explore  every  ponion  of  an  area.  They  enter 
houses  in  large  numbers  partieularly  when  conditions 
outside  the  building  are  either  too  wet  or  loo  dry  lor  them  to 
live  easily. 

This  ant  tolerates  humans  and  the  city  environment  and 
will  persist  where  other  species  of  ants  will  not  thrive.  In 
many  locations  it  may  be  the  only  ant  species  present.  The 
workers  are  veri'  aggressive  and  often  eliminate  other  ants 
in  the  area.  Hov  er,  different  Argentine  ant  colonies  in 
the  same  area  are  friendly  and  do  not  fight.  The  ant  is  an 
exceedingly  adaptable  insect,  which  contributes  to  its 
success. 

Fire  ants  (Solenopsis  spp,).  Many  of  the  ants  of  the 
genus  are  called  fire  ants  because  of  the  severe  reactions 
caused  by  their  stings.  These  ants  can  cause  death  to  young 
wildlife  and  produce  sores  and  nausea  in  people.  They  are 
very  active  and  pugnacious.  Four  species  occur  in  the 
United  States:  The  fire  ant,  Solenopsis  germinata;  the  red 
imported  fire  ant,  5.  invicta,  the  black  imported  fire  ant,  5. 
richteri:  and  the  southern  fire  ant,  5.  xyloni. 

The  fire  ant  is  found  in  the  Southern  States  from  the 
Atlantic  coast  to  Arizona.  The  abdomen  is  brown  to  black 
and  the  head  and  part  of  the  thorax  are  yellow.  Workers  are 
1.6  to  5.8  mm  long.  (fig.  1-5).  Nests  occur  in  loose  soil 
with  many  craters  usually  scattered  over  an  area  of  from  2 
to  4  square  feet.  The  openings  are  usually  in  such  places  as 
under  boards  and  stones,  by  a  tuft  of  grass,  in  cracks  in 
concrete,  and  underneath  houses.  Nests  may  also  occur  in 
woodwork  or  masonry  of  houses.  They  feed  on  a  variety  of 
foods  such  as  meat,  grease,  butter,  nuts,  seeds,  and 
vegetables  in  the  ground  and  may  damage  soiled  clothing 
by  gnawing  on  it. 

The  southern  fire  ant  is  found  in  the  Southern  States. 
Workers  are  a  clear  reddish  yellow  with  habits  similar  to 
those  of  the  other  fire  ants. 

The  imported  fire  ant  is  an  important  agricultural  pest, 
rather  than  a  household  pest,  which  builds  mounds  of  earth 
in  the  field  and  does  great  damage  to  crops.  Its  sting  is 
severe  and  these  ants  frequently  make  ii  difficult  for  field 
workers.  This  ant  is  founa  in  the  Southern  States  from 
North  Carolina  to  Texas. 

Pharoah  ants  (Monomorium  pharaonis).  The  Pharaoh 
ant  Is  light  yellow  to  red,  1.5  to  2mm  long,  and  is  found 
throughout  the  United  States  and  Canada.  You  can  easily 
distinguish  it  from  the  thief  ant  by  the  presence  of  three 
segments  in  the  antennal  club  (fig.  1-5).  It  is  one  of  the 
most  important  ant  pests  in  homes  because  its  small  size 
enables  it  to  get  into  almost  anything  and  because  of  its  food 
preference,  which  ranges  over  a  wide  variety  of  substances 
such  as  syrups,  fruit  juice,  jelly,  cakes,  pies,  greases,  dead 
insects,  and  meats.  It  is  predacious  on  many  insects  and  has 
been  found  in  large  numbers  in  hospitals  where  it  feeds  on 
open  wounds. 

Nests  are  found  between  walls,  under  floors,  above 
ceilings,  behind  baseboards,  in  old  trash,  or  outside  in 
gardens  and  along  walks.  They  like  to  nest  in  warm  places 
near  furnaces,  heat  ducts  and  hot-water  pipes.  The  nests  are 
frequently  very  difficult  to  find  since  the  ants  range  widely 
from  them,  usually  over  established  trails  you  may  find 
along  window  sills  and  baseboards. 
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Abrtomtnal  ppdicai  consistinq 
of  One  spqmpnl 


Abdominal  rp(1"Ciii  conStM.f 
o'  iwfo  ieqments 


Ttp  ot  Abdomen  without 
A  nmail  circipl  ot 
hiiirs 


Tip  of  abdomun  with  a 
smnll  Circlet  Of 
erect  hBiri 


Profile  of  thorax  not  evenly 
rounded  on  upper  side 


Profile  of  thorax  evenly 
rounded  on  upper  side 
Very  farge  ants,  usually 
black 


Antennae 
lO-segmented 
Last  iwo  segrnents 
forsing  a  club 


Aiilennue 
i?-spgmented 
Last  three  segments 
forSing  n  ciub 
Body  less  than  3mm  long 


CARPENTER  ANTS 


Less  than  ?  0mm 
long   THIEF  ANT 
Larger  than  3  0mm 
FIRE  ANTS 


Bodv  reddish  to  yellowish 
PHARAOH  ANT 
Body  bfack 
LITTLE  BLACK  ANT 


Scope  (first  segment  of  antenna) 
much  lo.-tger  than  h^tght  of  head 


Scope  (first  segment  of  antenna) 
not  much  longer  than  hetght 
of  h9ad 


Pedtcal  attached 
to  upper  surface 
of  abdomen 


Pec^icai  attached  to 
front  of  abdomen 


Legs  very  long  in 
retation  to  body 
s:«e   CHA2Y  ANTS 

l  egs  not  exceptionally 
long  in  relation  to 
body  sue   HONEY  ANTS 


Ocelfi  not  distinct 


Eye  smafi  in  refation 
to  size  of  head 
LARGE  YELLOW  ANT 
Eye  larga  in  re.atlon 

to  size  of  haad: 
CORNFfELO  ANT 


(Qorus.  Formica) 
FIELD  ANT 


HARVESTER  ANTS 


Petiote  not  hidden 
by  front  of  abdomen 

I 


Petiole  nearfy  hidden 
by  front  edge  of  abdomen 


Face  with  a  series  of 
distinct  ridges 


Face  without  a  series 
of  distinct  ridges 


OOEROUS  HOUSE  ANT 


ThoraM  without  a  distinct 
toolh  cn  upper  side 


Thorax  with  a  distinct 
single  tooth  on  the 
per  bide 


PAVEMENT  ANT 


PYRAMID  ANTS 


Profile  of  thorax  uneven 
on  upper  surface 


Profile  of  Ihoraji 
evenly  rounded  on 
upper  surface 


Head  very  lirge  m  relation 
to  Size  of  body 


Head  of  normal  size  last 
segment  of  antenna  very 
long 


ARGENTINE  ANT 


BIQ-HEAOED  ANT 


LITTLE  FIRE  ANT 

CFA-idr 


VELVETY  TREE  ANTS 


Figure  1-5.  Pictorial  key  of  wit  workers  that  may  infest  buildings. 
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btbi  CUPY  AVAILABLE 


This  ant  is  very  persistent  and  difficult  to  control.  It  has 
the  facuhy  for  appearing  all  of  a  sudden  in  various  places 
within  the  house  and  getting  into  things.  Its  nature  of  being 
scattered  about  and  in  well-protected  areas  makes  it  more 
difficult  to  control.  It  is  also  common  in  hotels,  large 
apartment  houses,  grocery  stores,  and  other  places  where 
food  is  handled  commercially. 

Colonies  may  be  very  large  (up  to  300,000)  with  many 
queens  in  a  given  colony.  Sexually  mature  forms  are 
winged  and  they  mate  and  go  through  the  usual  life  cycle. 
Mating  occurs  in  the  nest  throughout  the  year.  New 
colonies  are  formed  when  a  group  of  queens  and  workers 
split  from  the  mother  colony.  Swarms  are  never  seen. 

Thief  ants  (Solenopsis  molesia).  This  is  one  of  the 
smallest  of  ants,  being  1  to  1.5  mm  long  and  veirying  in 
color  from  yellow  to  dirty  brown  and  having  a  two- 
segmented  antennal  club  (fig.  1-5).  It  is  found  over  most  of 
the  United  States.  It  often  lives  in  the  nest  of  larger  ants, 
feeding  on  the  larvae  of  their  hosts;  thus,  its  common  name. 
In  the  home,  its  food  is  mainly  greasy  materials  such  as 
cheese  and  meats,  although  they  will  feed  on  sweets 
occasionally.  Such  meats  as  bacon,  ham,  and  prepared 
meats  are  especially  attractive  to  thief  ants.  They  may  also 
be  found  feeding  on  stored  seeds  or  dead  animals  and  may 
even  attack  young  chickens. 

This  ant  is  so  small  it  may  often  escaF>e  the  naked  eye 
even  though  it's  common  around  kitchen  sink  or  cabinets. 
Unobservant  people  may  complain  about  the  flavor  of  food 
without  realizing  that  it's  infested  with  thief  ants.  The  ant 
nests  in  cracks  and  crevices  of  walls  and  cabinets.  It  is  very 
persistent  and  may  be  difficult  to  control. 

Odorous  house  ants  (Tapinoma  sessile).  This  very 
important  household  pest  is  distributed  all  over  the  Jnited 
States.  The  brownish-black  worker  is  2  to  3  mm  long.  It  is 
frequently  confused  ith  the  Argentine  ant  from  which  it 
can  easily  be  distinguished  by  its  darker  color  and  the  fact 
that  the  front  of  its  abdomen  overhangs  and  hides  the  p>etiole 
(fig.  1-5).  When  crushed,  this  ant  gives  off  a  very 
unpleasant  odor,  so  you  should  definitely  avoid  the 
cowboy-boot  approach  to  physically  control  it. 

Nests  are  constructed  in  a  great  variety  of  situations  both 
indoors  and  outdoors.  Outside,  they  are  usually  shallow  and 
underneath  a  board  or  stone.  Indoors,  they  frequently  nest 
in  walls  and  underneath  floors.  Colonies  are  large  and  each 
may  contain  several  active  queens.  The  workers  forage  out 
from  the  colony  along  regular  trails  as  does  the  Argentine 
ant,  and  their  food  habits  are  similar.  These  ants  are  more 
likely  to  move  indoors  late  in  the  year  when  honey  dew,  one 
of  its  primary  foods,  is  less  abundant.  During  periods  of 
rainfall  or  leaf  fall,  aphids  and  honeydew  are  reduced  so  the 
ants  must  range  more  widely  for  food  and  are  likely  to 
invade  homes. 

Field  ants  (Formica  spp.).  The  many  species  and 
varieties  of  these  ants  infest  fields,  lawns,  and  gardens 
throughout  the  United  States.  Length  usually  varies  from  3 
to  7  mm  and  they  may  be  brown,  black,  red,  or  have 
combinations  of  these  colors  (fig.  1-5).  They  prefer  sweet 
foods  and  also  feed  on  other  insects.  They  commonly  build 
nests  along  fences,  sidewalks,  flower  beds,  and  in  lawns. 
They  are  most  likely  to  be  pests  of  recreational  areas.  When 


infestations  are  heavy,  individuals  may  wander  into  homes 
looking  for  food.  One  species  vou  may  encounter  from 
time  to  time  is  the  Allegheny  mound  builder,  Formica 
exsectoides.  This  ant  builds  large  mounds  of  earth  during  its 
nesting  activities.  It's  seldom  found  in  the  home,  but  has 
caused  *Tire  ant  scares"  in  the  Northeastern  United  States. 
Other  common  species  are  relatively  large  and  black. 

Some  field  ants  capture  the  larvae  and  pupae  of  other  ants 
and  raise  them  in  their  own  nests.  The  emerging  adults 
become  slaves  for  the  field  ants;  thus,  field  ants  are  often 
called  slave  ants. 


Exercises  (COS): 

1.  Match  the  types  of  ants  in  column  B  with  their 
characteristics  in  column  A.  Some  column  B  items 
may  be  used  more  than  once . 


Column  A 

.  (I)  These  ants  have  been 
found  in  large  numbers  in 
hospitals  where  they  may 
feed  on  open  wounds. 

.  (2)  Workers  of  these  ants  are 
1.6  to  5.8  mm  long  and 
may  cause  severe  reac- 
tions from  their  stings. 

(3)  These  ants  may  construct 
nests  in  a  wide  variety  of 
situations  both  indoors 
and  outdoors. 

(4)  These  ants  commonly 
build  nests  along  fences, 
sidewalks,  flower  beds, 
and  in  lawns.  They  are 
most  likely  to  be  pests  in 
recreational  areas. 

(5)  Workers  of  these  ants  arc 
2.2  to  2.8  mm  long  and 
are  light  to  dark  brown  in 
color. 

(6)  These  ants  are  light  yel- 
low to  red,  1.5  to  2  mm 
long,  and  are  found 
throughout  the  U.S.  and 
Canada. 

(7)  These  are  among  the 
smallest  of  ants,  being  1 
to  1 .5  mm  long,  and  vary- 
ing in  color  from  yellow 
to  dirty  brown. 

(8)  These  ants  have  \  brown- 
to-black  abdomen  with 
the  head  and  part  of  the 
thorax  being  yellow. 

(9)  These  ants  build  nests  in 
moist  situations  such  as  in 
the  soil,  next  to  and  under 
buildings,  along  side- 
walks, and  beneath 
boards  and  planks. 

(10)  These  ants  are  similar  to 
Argentine  ants,  but  have  a 
darker  color  and  an  abdo- 
men that  overhangs  and 
hides  the  petiole. 


Column  B 


b. 
c. 
d. 
e. 


Argentine 
ants. 
Fire  ants. 
Pharoah  ants. 
Thief  ants. 
Odorous 
house  ants. 
Field  ants. 
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C06.  Identify  details  regarding  ant  control  programs. 

Controlling  Ants.  The  actual  procedures  you  follow  n 
ant  control  may  depend  greatly  upon  the  species  of  ant 
involved  and  the  nature  and  location  of  the  infestation  in 
question.  Your  ability  to  identify  the  ants  will  help  you 
decide  where  to  begin  your  search  for  the  infestations.  In 
some  cases  you  can  take  note  of  certain  characteristics  of 
the  nest  and  recognize  the  type  of  ant  involved. 

If  an  ant  colony  is  established  within  the  structure,  killing 
the  exposed  workers  seldom  gives  permanent  relief  from 
the  pests  because  the  reproductives  will  continue  to  produce 
more  workers.  A  chemical  barrier  is  effective  for  ants 
nesting  outdoors  that  invade  the  buildings  for  food,  but  this 
barrier  is  only  temporary.  Workers  from  the  nest  outdoors 
will  again  invade  the  building  when  the  chemical  residue 
becomes  ineffective.  Only  destroying  the  nest  gives 
permanent  relief  from  that  particular  colony. 

Several  insecticide  formulations  arc  useful  in  ant 
control — sprays,  dusts,  granules,  and  baits.  Aerosols  are 
effective  only  if  you  need  to  knock  down  and  kill  swarmers 
indoors.  Sprays  are  usually  effective,  and  you  should  use 
them  where  possible.  However,  there  is  evidence  that  some 
ants  will  avoid  areas  treated  with  certain  kinds  of 
insecticides  and  if  they  can  find  other  routes  to  food  and 
water,  poor  control  will  result.  Therefore,  when  ants  are 
nesting  in  houses  or  other  structures,  try  to  surround  the 
entire  nest  area  with  a  residual  treatment  for  complete 
control.  This  is  particularly  true  when  dealing  with  a  pest 
like  the  Pharaoh  ant,  which  has  large  colonies  and  many 
queens.  It  would  be  easy  for  this  ant  to  find  other  routes, 
and  if  the  residual  treatment  did  not  take  in  the  ent'-e 
colony,  the  colony  would  be  split  up  into  several  segments. 
To  ensure  that  the  entire  colony  is  surrounded,  apply  the 
residual  treatment  first  to  areas  known  to  be  beyond  the 
infestation.  Then  work  toward  the  center  of  the  infestation. 
For  these  reasons,  you  should  regard  all  residual  chemical 
treatments  as  barriers  only — unless  you  can  apply  the 
chemical  directly  to  the  nest. 

Dusts  and  granules  are  also  useful.  You  can  blow  dusts 
into  nests  and  wall  voids  or  other  areas  where  ants  are 
hiding.  Some  dusts  arc  repellent  to  some,  if  not  all,  ants. 
Make  your  dust  applications  light  to  minimize  any  repellent 
action.  Granules  are  useful  for  treating  outdoor  areas  and 
crawl  spaces  for  ants. 

Baits  are  useful  when  you  can't  locate  or  treat  the  nest, 
and  you  can't  use  residual  sprays  effectively.  Commercial 
baits  can  be  classified  as  weak  baits  and  do  not  cause  the 
ants  to  be  repelled  as  they  would  be  to  strong  baits.  There 
are  two  limitations  of  this  type  bait:  control  takes  a  long 
time,  perhaps  one  to  three  months;  and  the  baits  must 
compete  favorably  with  other  food  sources.  Some 
commercial  baits  have  a  sugar  base,  others  have  an  oil  base 
(peanut  oil  is  commonly  used).  You  may  want  to  combine 
these  types.  To  help  you  select  the  proper  bait,  study  the 
ant's  feeding  habits  to  determine  what  type  of  food  it 
prefers.  Although  small  quantities  should  suffice,  try  to 
place  baits  so  the  ants  will  have  no  diff  ^ty  locating  them. 
This  means  distributing  many  small  bait  placements  in 
concealed  locations  throughout  the  infested  area. 


Species  nesting  indoors.  Certain  species  of  ants  arc  more 
likely  than  others  to  nest  inside  the  home.  The  thief  ant, 
Pharaoh  ant,  and  the  odorous  house  ant  fit  into  this 
category.  Controlling  these  ants  is  much  more  likely  to  be 
effective  if  you  can  trace  the  foraging  workers  to  the 
vicinity  of  the  nest.  This  is  difficult,  however,  and  may  give 
misleading  information.  Workers  may  sometimes  appear 
and  disappear  quickly  at  one  or  two  points  beneath  a 
baseboard,  behind  a  sink,  or  under  a  cabinet,  but  the  nest 
may  be  in  the  wall  or  in  the  false  bottom  of  a  kitchen 
cabinet  some  distance  from  the  point  of  entry.  A 
concentrated  treatment  only  at  the  points  where  you  see 
them  may  be  almost  useless  if  the  workers  can  find  alternate 
routes  to  food.  It  is  good  practice  to  force  a  dust  containing 
5-10  percent  Sevin  into  all  cracks  and  crevices  for  several 
feet  on  each  side  of  the  place  where  you  see  the  ants.  Also  it 
often  helps  to  drill  small  holes  into  the  void  for  treatment. 

A  good  rule  to  follow  is  to  treat  baseboards,  door 
moldings  and  other  cracks  along  the  length  of  any  wall 
where  you  see  ants  emerging.  Wet  the  surface  of  the 
baseboard  with  a  continuous  film  of  1 .0  percent  Baygon, 
1.0  percent  Diazinon  or  0.5  percent  Dursban.  Then  apply  a 
similar  film  to  about  a  4-inch  strip  of  the  floor  next  to  the 
wall.  You  should  apply  this  treatment  to  both  sides  of  the 
wall  whether  it's  an  inside  or  an  outside  wall.  Treat  any 
cracks  in  the  wall  or  at  the  top  of  the  wall.  The  object  of  this 
residual  treatment  is  to  completely  surround  the  nest  area  so 
that  any  ants  leaving  the  nest  will  be  forced  to  cross  a 
treated  surface.  This  may  be  difficult  to  do  if  the  wall  in 
question  joms  many  other  walls,  if  the  nest  is  beneath 
flooring,  or  if  the  colony  is  extremely  large  as  with  Pharaoh 
ants.  Start  far  enough  away  from  the  infestation  so  you  can 
surround  the  entire  nest  and  then  work  towards  the  nest. 

Baits  may  be  very  useful  and  there  are  good  commercial 
formulations  containing  Baygon  that  are  effective  and  quite 
safe  to  use.  One  of  the  less  desirable  factors  in  older  bait 
formulations  has  been  the  highly  toxic  agents  employed.  An 
advantage  of  baits  which  is  not  a  factor  in  other  means  of 
ant  control  is  that  the  workers  take  the  i>esticidf:  back  to 
their  nest  where  it  can  be  fed  to  larvae  and  leproductives. 
Place  baits  along  trails  th  ;  ants  follow  (out  of  the  reach  of 
children  and  pets  or  in  containers  they  can't  get  into). 
Eliminate  food  sources  as  much  as  possible.  Then  use  a 
residual  treatment  of  insecticide  in  food  storage  areas 
(kitchen,  pantry)  to  make  such  food  sources  unavailable  to 
the  ants.  Be  careful  not  to  contaminate  food  or  surfaces 
which  exposed  food  will  contact. 

Pharoah  ant  control  can  be  a  particularly  difficult  job 
with  this  indoor-nesting  species.  This  is  because  of  it's 
unique  characteristics  such  as  fractionating  or  satelliting. 
This  applies  to  their  habit  of  gathering  eggs,  larvae,  and 
pupae  and  breaking  up  into  several  small  colonies  where 
only  one  large  colony  existed  earlier.  They  typically  do  this 
when  almost  any  insecticide  is  introduced  into  their  private 
domain.  Since  these  newly  formed  colonies  don't  usually 
forage  for  a  few  days,  you  might  improperly  conclude  that 
you  got  control  of  them;  when  in  fact,  you  only  divided 
their  forces. 

To  effectively  control  pharaoh  ants,  you  must  use  a  bait 
that  foraging  ants  won't  detect  as  toxic,  so  they  will  take  it 
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back  to  the  bulk  of  the  population  waiting  in  the  nest.  One 
such  material  is  Pharorid,  a  trademark  of  Zoecon  Chemical 
Corporation.  Pharorid  contains  the  active  ingredient 
methoprenc,  which  is  an  insect  juvenile  b  lone  that 
arrests  the  growth  of  developing  ants. 

Research  has  shown  that  the  methoprene  rmulation  is 
most  effective  as  a  bait  in  a  mixture  of  liv^  honey,  and 
spongecake  in  a  2:1:1  ratio.  Although  the  Fharorid  label 
simplifies  the  mixing  process  by  suggesting  the  use  of 
powdered  liver,  treating  with  the  bait  mixture  is  very  time 
consuming.  A  U.S.  Army  team  required  600  work  hours  to 
control  a  pharaoh-ant  problem  in  an  army  medical  center 
with  over  226,000  square  feet  of  floor  space. 

Pharorid  is  an  excellent  product,  but  it  is  not  without  its 
drawbacks.  If  you  use  methoprene,  you  must  accept  that  it's 
a  slow-acting  insecticide  which  takes  up  to  20  weeks  to  be 
effective.  Methoprene  also  tends  to  degrade  rather  rapidly, 
so  you  must  work  with  it  on  a  fairly  tight  timetable  to  get 
results. 

In  addition  to  or  in  place  of  methoprene,  you  may  also 
use  boric  acid  injected  into  cracks  and  crevices.  Studies 
have  shown  that  insects  don't  detect  boric  acid  as  a  danger. 

The  most  ideal  way  to  control  the  ants  is  through 
prctreating  structures  before  construction  is  completed  and 
Uic  ants  become  entrenched. 

Species  nesting  outdoors.  The  remainder  of  the  ants 
listed  earlier  are  more  likely  to  nest  outdoors  than  within  a 
structure.  They  become  pests  by  foraging  inside  for  food.  It 
is  important  to  find  the  nest  in  infestations  of  these  ants  and 
to  treat  them  heavily  by  applying  generous  amounts  of  the 
residual  sprays  and  dusts  listed  above  for  species  which  nest 
indoors.  If  your  equipment  can  blow  dusts  into  the  nest  with 
sufficient  force,  they  will  generally  be  distributed  through 
the  nest  rather  well.  It  may  be  desirable,  particularly  in 
large  nests,  to  pour  about  2-5  gallons  of  water  into  the 
opening  after  dusting  to  be  sure  the  dust  reaches  the  desired 
location.  You  can  also  sprinkle  a  dry  wettable  powder  onto 
the  nest  and  wash  it  in  with  a  hose.  This  is  much  more 
effective  than  using  a  dust.  In  some  mound-building  species 
it  may  help  to  scrape  off  or  break  up  the  mounds  just  before 
you  treat  it.  In  addition,  the  wall  or  walls  through  which  the 
ants  are  entering  should  receive  barrier  treatments  to 
eliminate  building  access  routes.  It  is  important  to  spray  all 
runways  (such  as  pillars,  steps,  etc.)  and  entry  ways  (such 
as  vines,  bushes,  and  wires)  that  ants  can  use  to  gain 
entrance.  Also,  treat  the  soil  surface  around  the  perimeter 
of  the  building  with  about  a  3-foot  barrier.  Grpjiules  are 
useful  for  this  kind  of  treatment. 

If  ants  are  scattered  in  a  lawn  or  garden,  a  broadcast 
treatment  may  be  needed.  In  situations  where  colonies  are 
very  large,  particularly  if  the  Argentine  ant  or  one  of  the 
fire  ants  is  the  culprit,  a  broadcast  treatment  again  will  be 
necessary.  Wettable  powder  sprays  are  best  for  this  type 
treatment. 

Two  percent  Baygon  bait  is  effective  outdoors  for 
harvester  ants,  fire  ants,  and  leaf-cutting  ants  which  ha^e 
nests  deep  in  the  soil  that  you  can't  reach  with  otlier 
formulations.  Sprinkle  the  granular  bait  around  the 
entrance  to  the  nest.  It  should  be  remembered  that  this 


treatment  may  take  a  month  or  more  before  you  get  total 
control. 

Exercises  (C06): 

Identify  the  following  as  being  true  (T)  or  false  (F).  Correct 
any  false  statements. 

  1 .  The  procedures  you  follow  for  controlling  ants  are 

largely  dependent  on  the  species  of  ant  involved 
ancj  the  location  of  the  infestation. 


2.  If  outdoor-nesting  ants  are  entering  a  building  for 
food,  a  chemical  barrier  can  be  useful  for 
temporary  control. 


3.  Chemical  applications  often  act  only  as  barriers  to 
ants  unless  you  can  directly  treat  the  nest. 


 4.  Dusts  are  highly  beneficial  for  ant  control  along 

exposed  routes  where  ants  are  known  to  travel. 


  5    For  indoor-nesting  ants,  gaining  control  is  easily 

done  by  treating  all  voids  and  crevices  within  the 
infested  area. 


6.  When  Seating  baseboards,  your  treatment  should 
be  applied  to  both  sides  of  the  wall  whether  it's  an 
inside  or  outside  wall. 


  7.  For  maximum  effectiveness  when  applying  ant 

baits,  other  food  sources  should  be  reduced  either 
by  removal  or  by  applying  a  chemical  barrier  to 
make  existing  food  sources  unavailable  to  the 
ants. 


 8.  Methoprene  or  boric  acid  are  useful  in  baits  for 

Pharoan  ants  since  the  insects  don't  detect  them  as 
a  danger. 
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9.  For  large  outdoor  nests,  dust  effectiveness  can  be 
increased  by  pouring  2-5  gallons  of  water  into  the 
dusted  nest  to  ensure  the  dust  reaches  the  desired 
locations. 


10.  Wettable  powder  pesticides  are  best  suited  for 
broadcast  applications  over  large  outdoor  areas  for 
ant  control. 


1-3.  Silverfish  and  Firebrats 

Although  these  insects  are  not  nearly  as  important  as  the 
cockroaches,  they  do  become  severe  pests  in  many  homes 
and  other  facilities  at  times. 

This  section  will  give  you  information  pertaining  to  their 
importance,  characteristics,  and  the  controls  that  can  be 
employed  against  them. 

C07.  Specify  the  characteristics  and  importance  of 
silverfish  and  firebrats. 

Importance  and  Characteristics.  Besides  the  fact  that 
these  insects  are  annoying,  they  attack  such  materials  as 
book  bindings,  photographs,  wallpaper,  labels,  and  the 
sizing  of  any  of  these  paper  products.  They  also  attack 
starched  clothing,  linen,  rayon,  cereals,  and  grain.  In  spite 
of  their  prevalence  and  constant  close  association  with 
humans,  silverfish  and  firebrats  don't  appear  to  be  vectors 
of  any  human  diseases. 

The  silverfish  (fig.  1-6)  and  firebrats  (order  Thysanura 
family  Lepismatidae)  are  the  most  common  forms  of  these 
primitive  insects.  They  are  small  (19  mm  long),  carrot 
shaped,  fast  moving,  wingless  insects  with  long  antennae. 
The  abdomen  of  these  insects  is  long  and  bears  three 
appendages  (a  pair  of  cerci  and  a  median  cdMddA  filament) 


on  the  posterior  end.  The  color  of  the  silverfish  is  a  uniform 
glistening  silver,  while  the  firebrat  is  grayish  and  mottled' 
with  dark  markings. 

Silverfish  and  firebrats  exhibit  little  or  no 
metamorphosis,  and  the  young  look  much  like  the  adults. 
Development  of  the  common  silverfish  (Lespisma 
saccharina)  takes  about  12  weeks  from  egg  to  adult. 
Silverfish  range  far  from  their  hiding  places  at  night  to  find 
food,  and  they  will  quickly  infest  an  entire  building.  They 
harbor  where  they  can  easily  get  to  food  and  moisture. 
Firebrats  harbor  under  hot,  dry  conditions,  such  as  behind 
stoves  or  around  fireplaces. 

Exercises  (C07): 

Identify  the  statements  below  as  true  (T)  or  false  (F)  and 
correct  any  false  statements. 

  1.  Silverfish  and  firebrats  attack  book  bindings, 

photographs,  wallpaper,  labels,  and  sizing  of 
paper  product. 


2.  They  also  attack  cereal  and  grain  but  not  clothing. 


3.  Silverfish  and  firebrats  do  not  seem  to  be  vectors 
of  any  human  diseases. 


4.  Silverfish  and  firebrats  are  the  most  common 
forms  of  these  primative  insects. 


5.  Silverfish  have  two  sets  of  wings  while  firebrats 
have  only  one  set. 
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Figure  1-6.  A  silverfish. 


Silverfish  and  firebrats  sometimes  infest  entire 
buildings. 


COS.  State  the  control  measures  for  managing  silverfish 
and  firebrats. 

Exercise  the  same  care  in  controlling  silverfish  and 
firebrats  in  homes,  dormitories,  bakeries,  and  dining 
facilities  as  you  would  in  controlling  cockroaches. 

Preventive  Control.  Occupants  can  help  control 
silverfish  and  firebrats  to  some  extent  by  inspecting 
furniture,  carpets,  and  other  cloth  goods  before  placing 
them  within  a  facility,  especially  those  items  that  have  been 
stored  or  shipped  during  transfers. 
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Reducing  food  supplies  to  the  least  amount  possible  may 
be  of  some  benefit  in  preventing  damage.  Physically 
excluding  these  arthropods  from  susceptible  stored  fabrics 
will  prevent  infestations. 

Chemical  Control.  You  can  control  silverfish  and 
firebrats  by  applying  liquid  residual  pesticides  such  as  1 
percent  Baygon,  0.5  percent  Dursban,  1  percent  Diazinon, 
or  2  percent  Malathion.  Just  as  for  treating  for  cockroaches, 
you  should  give  close  attention  to  basements,  attics, 
closets,  around  bookcases,  behind  baseboards,  and  around 
steam  and  water  pipes.  Since  firebrats  prefer  hot  and  dry 
areas,  treat  oven  areas,  around  fireplaces,  boiler  rooms,  and 
other  hot,  dry  areas  as  well.  Use  oil  solutions  where  areas 
permit,  or  you  may  use  dusts  such  as  2  percent  Diazonon  or 
silica  gel  in  wall  voids,  crawl  spaces,  and  attics.  After 
applying  a  residual,  you  mzy  want  to  use  a  space  spray  to 
get  them  moving  Faster.  This  is  advisable  in  attics  or  in 
storage  areas  where  residual  spraying  is  of  limited  use. 

Exercises  (COS): 

1.  What  two  preventive  measures  are  most  applicable  to 
controlling  firebrats  and  silverfish? 


2.  List  the  areas  you  should  focus  on  when  treating  for 
silverfish. 


3.  What  additional  areas  should  you  treat  for  firebrats? 


4.  Where  residual  treatments  are  limited,  what  additional 
action  might  be  necessary? 


1-4.  Earwigs 

In  your  job,  you  will  be  called  upon  to  rid  various  base 
facilities  of  earwigs  from  time  to  time.  Although  this  task  is 
generally  not  continuous,  you  must  still  be  able  to  identify 
these  insects  and  control  them.  The  term  **eanvig"  is 
believed  to  have  been  derived  from  the  belief  that  this  insect 
would  enter  the  ears  of  people  while  they  slept  and  bore  into 
the  brain.  In  truth,  earwigs  are  harmless  to  humans. 

Earwigs  are  important  household  pests  because  they 
gather  in  lawns  and  invade  building  in  great  hordes.  (Well, 
they  don't  exactly  vibrate  pictures  off  the  walls,  but  they 
can  get  to  be  rather  **icky.")  They  can  be  serious  morale 
and  economic  pests  because  the  presence  of  these  hordes 
often  prevents  people  from  enjoying  outdoor  activities  and 
can  depreciate  property  values.  This  insect  is  a  pest  of 
vegetation  in  a  minor  way,  but  it  is  also  beneficial  because 
it  feeds  upon  other  insects. 


C09.  Specify  correct  details  regarding  the  identificalion, 
habits,  and  habitats  of  earwigs. 

Identification,  Habits,  and  Habitats  of  Earwigs. 
Earwigs  belong  to  the  order  Dermaptera  and  are  short- 
winged  insects  that  have  a  pair  of  forceps  at  the  posterior 
end  of  the  abdomen.  These  forceps  are  relatively  straight  in 
the  female  but  are  bowed  outward  in  the  male.  The  adults 
are  about  16  mm  long,  dark  reddish  brown,  with  a  reddish 
head,  and  pale  yelluwish  brown  legs  in  color.  They  have 
biting  mouthparts. 

These  insects  are  omnivorous  and  will  eat  almost 
anything  they  can  chew.  They  aren't  known  to  fly  readily  or 
travel  very  far  by  crawling.  Earwigs  have  a  gradual 
metamorphosis.  Their  entire  development  from  egg  to 
adult  is  completed  in  about  5  months. 

You  can  find  earwigs  outdoors  in  dark,  moist  crevices, 
such  as  between  building  foundations  and  soils,  and  under 
boards,  stones,  and  welcome  mats.  Indoors,  you'll  find 
them  hiding  in  baseboard  crevices,  under  furniture,  and  in 
basements. 

Exercises  (C09): 

Identify  the  following  statements  as  being  true  or  false  and 
correct  any  that  are  false. 

  1 .  Earwigs  belong  to  the  order  Acarina. 


2.  Earwigs  are  short-winged  insects  that  bear  a  pair  of 
forceps  at  the  posterior  end  of  the  abdomen. 


 3.  Adult  earwigs  are  about  16  mm  long,  dark  reddish 

brown,  with  a  reddish  head  and  pale  yellowish 
brown  legs. 


4.  Earwigs  will  develop  from  eggs  to  adults  in  about  2 
months. 


CIO.  Identify  correct  statements  regarding  earwig 
control. 

Controlling  Earwigs.  To  prevent  earwigs  from  entering 
buildings,  you  can  apply  a  residual  emulsion  or  suspension 
containing  an  approved  insecticide  outdoors.  Apply  the 
insecticide  to  the  soil  in  a  band  5  feet  wide  around  the  entire 
building.  Treat  the  foundation  wall  from  the  ground  to  a 
height  of  2  to  3  feet. 

As  a  residual,  you  can  spray  or  brush  an  approved 
insecticidal  suspension  on  door  and  window  sills,  behind 
stoves,  and  other  out-of-the-way  places  where  you  find 
these  insects  indoors.  Use  only  the  crack  and  crevice 
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treatment  in  areas  where  foods  are  stored,  prepared,  and 
served. 

Nonchemical  controls  for  earwigs  generally  aren't  very 
effective;  however,  clearing  vegetation  away  from  building 
foundations  and  ensuring  that  doors  and  windows  fit  snugly 
in  their  frames  may  prevent  entry  of  these  pests. 

Exercises  (CIO): 

Decide  whether  the  following  statements  are  true  or  false. 
Correct  any  false  ones. 

  1 .  A  good  method  of  controlling  earwigs  is  to  paint  or 

spray  a  residual  emulsion  on  a  band  5  feet  wide 
around  a  building. 


2.  You  should  treat  cracks  and  crevices  only  in  areas 
where  food  is  prepared,  stored,  and  served. 


3.  Nonchemical   control   of  earwigs   is  normally 
effective. 


1-5.  Bedbugs 

The  common  bedbug  has  been  a  pest  to  people  since 
prehistoric  times  and  has  spread  to  most  parts  of  the  world. 
This  insect  has  been  prevalent  in  Europe  for  centuries  and 
has  been  in  this  country  since  the  early  colonial  days, 
although  it  apparently  was  unknown  to  the  American 
Indian.  The  bedbug  gains  access  tc  homes  through 
traveling  bags  and  laundry  or  by  migration.  It  is  frequently 
transferred  from  person  to  person  in  transportation 
facilities. 

This  section  identifies  the  bedbug  and  its  importance, 
describes  its  characteristics,  ielates  its  life  history  and 
habits,  and  names  the  controls  you  can  use  against  bedbugs. 

Cll.  Describe  the  bedbug's  appearance  and  its 
relationship  with  people. 

Identifying  Characteristics.  The  bedbug  belongs  to  the 
order  Hemiptera  and  the  family  Cimicidae.  The  adult  (fig. 
1-7)  is  about  5  mm  long,  3  mm  wide,  and  a  reddish-brown 
color.  The  flattened  oval  body  is  adapted  for  hiding  in 
narrow  crevices.  The  head  bears  a  pair  of  four-segmented 
antennae  and  piercing-sucking  inouthparts  which  fold  to  lie 
between  the  first  pair  of  legs.  The  wings  are  represented  by 
pads.  The  body  may  become  greatly  enlarged  and  blood 
red  as  it  takes  a  blood  meal. 

Relationship  with  Humans.  Both  sexes  of  the  bedbug 
feed  on  mammalian  (any  of  the  highest  class  of  vertebrates) 
blood,  particularly  that  of  humans.  Bedbug  bites  differ  from 
flea  bites  because  they  don't  leave  a  red  spot  surrounded  by 
a  circular  reddish  area  fading  into  the  normal  skin  as  does 
the  flea.  Bedbugs  have  not  been  proven  to  be  an  important 


Figure  1-7.  The  bedbug. 


disease  bearer,  but  heavy  infestation  can  lead  to  human 
nervous  and  digestive  disorders.  The  two  species  of 
bedbugs  that  attack  people  are  Cimex  lectularius  and  Cimex 
hemipterus,  the  first  one  being  predominant  in  temperature 
regions  and  the  second  being  predominant  in  tropical 
regions. 

Exercises  (Cll): 


1.  What  are  the  size  and  color  of  the  normal  adult 
bedbug? 


2.  What  is  the  appearance  of  the  bedbug  during  a  blood 
meal? 


3.  What  sex  and  species  attack  humans? 


4.  What  effects  do  bedbug  bites  have  on  humans? 


C12.  State  the  general  habits  and  development  of 
bedbugs. 

Habits.  You  can  detect  bedbug  infestations  by  the 
characteristic  buggy  odor,  blood  staias  on  sheets,  and  fecal 
stains  along  crevices.  You'll  seldom  see  this  insect  during 
the  daytime  because  of  its  nocturnal  habits. 

Development.  Bedbugs  develop  through  gradual 
metamorphosis.  The  female  lays  very  few  eggs  until  she 
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has  had  a  meal  of  blood.  Generally,  a  single  blood  mea!  is 
sufficient  for  each  instar  or  nymphal  stage  after  the  first. 
She  lays  from  1  to  5  eggs  daily  for  about  2  months  or  until 
about  200  eggs  are  deposited.  Complete  development  from 
egg  to  adult  takes  18  to  56  days  (depending  on  the 
temperature).  The  adult  lives  6  to  12  months.  The  female 
can  live  nearly  a  year  without  food  and  can  endure  freezing 
temperatures  for  varying  periods  of  time. 

Exercises  (C12): 

1.  What    condition    will    help    you    detect  bedbug 
infestations? 


2.  What  time  of  day  are  bedbugs  usually  seen*? 


3.  Bedbugs     develop     through      what      type  oi 
metamorphosis? 


4.  How  long  does  complete  development  from  egg  to 
adult  take  for  bedbugs,  and  on  wha:  does  it  depend? 


(2)  Fold  mattresses  and  place  in  the  center  of  the  bed  at 
an  angle  of  45°. 

(3)  Open  windows  for  ventilation  before  starting  spray 
operations.  Apply  residual  spray  at  a  rate  of  I  gallon  to 
1,000  square  feet  of  area.  Use  a  standard  sprayer  with  a 
fan-spray  nozzle  and  a  pressure  of  30  to  40  psi.  Apply  the 
spray  to  the  point  of  runoff,  but  avoid  filling  the  air  with  a 
foglike  mist. 

(4)  With  a  two-person  c  rew,  begin  at  one  end  and  work 
around  the  room,  spraying  cracks,  wall  beams  and  braces, 
and  other  places  likely  to  harbor  bedbugs.  Spray  to  a  height 
of  about  4  feet  from  the  floor  for  single  beds  and  6  feet  if 
double-tier  beds  are  used. 

(5)  Spray  one  end  of  the  bed,  including  the  coils  and 
covers,  and  one  folded  edge  of  the  mattress.  Return  up  the 
opposite  side  and  spray  the  bed,  coils,  comers,  and  mattress 
edges.  Observe  all  recommended  safety  precautions  when 
spraying. 

Exercises  (C13): 

Identify  the  following  statements  concerning  bedbug 
controls  as  true  or  false.  Correct  any  false  statements. 

  1 .  The  control  of  bedbugs  is  a  major  problem. 


5.  How  long  do  adult  bedbugs  live? 


  2.  When  spraying  for  bedbugs,  remove  only  items 

which  are  not  infested. 


6.  The  female  can  live  nearly  a 


without  food. 


3.  Move  beds  away  from  walls  to  permit  spraying  of 
wall  surfaces. 


C13.  Specify  appropriate  bedbug  management 
techniques. 

Controlling  Bedbugs.  You  can  effectively  control 
bedbugs  in  living  quarters  by  applying  0.5  percent  Diazinon 
solution  to  infested  mattresses,  pillows,  bedsteads, 
baseboards,  furniture,  crevices,  and  behind  doors  and 
window  frames.  One  application  of  an  approved  cliemical 
solution  should  control  bedbugs  for  more  than  a  year.  The 
.bedbug  is  so  susceptible  to  insecticide  poisoning,  it's 
possible  to  eliminate  it  completely  from  living  quarters  and 
other  places.  Fumigation  and  other  types  of  treatment  are 
unnecessary;  controlling  bedbugs  has  changed  from  a  major 
problem  to  a  very  minor  one. 

When  you  are  preparing  to  spray  quarters,  remove  the 
clothing,  rubber  material,  gas  masks,  and  other  objects  that 
you  must  protect  from  kerosene.  Do  not  remove  bedding  or 
other  items  that  may  be  infested,  because  the  bedbugs  may 
be  transferred  to  a  new  location.  For  good  results  when 
spraying,  follow  the  steps  outlined  below: 

(1)  Move  beds  away  from  the  wall  to  permit  spraying  the 
wall  surfaces. 


4.  Leave  mattresses  flat  when  spraying. 


5.  Keep  windows  closed  to  prevent  the  escape  of  the 
insecticide. 


6.  Apply  0.5  percent  Diazinon  solution  at  the  rate  of  1 
gallon  to  1 ,000  square  feet  of  area. 


7.  Spray  to  a  height  of  4  feet  for  single  beds  and  6  feet 
for  double-tier  beds. 
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1-6.  Crickets 

As  a  pest  manager,  you  will  be  required  to  rid  base 
facilities  of  crickets  at  various  times.  Thus,  you  must  know 
the  identifying  characteristics  and  habits  of  these  insects. 

CM.  Relate  common  crickets  to  their  descriptive 
statements. 

Identification  and  Habits.  Crickets  belong  to  the  order 
Orthoptera.  ITiey  have  biting  mouthparts,  long  legs  adapted 
for  jumping,  and  may  have  wings  when  full  grown.  They 
develop  by  gradual  metamorphosis,  going  from  the  egg 
through  a  series  of  nymphal  instars  to  the  adult.  The  adult 
male  produces  the  familiar  chirping  sound  by  scraping  his 
upper  wings  together. 

The  house  cricket  (Acheta  domestica,  fig.  1-8),  is  found 
throughout  the  United  States.  This  shiny,  black  insect  is 
fond  of  warmth  and  often  becomes  troublesome  in  food- 
handling  areas  and  homes.  In  warm  weather,  it  lives 
outdoors,  especially  in  garbage  dumps,  and  enters  the  home 
chiefly  in  cold  weather.  They  may  be  numerous  in  newly 
constructed  homes.  Cave  and  camel  crickets  occur 
throughout  the  world.  They  are  usually  wingless  and  have 
antennae  that  may  be  four  or  five  times  as  long  as  the  body. 
These  large  nocturnal  insects  are  usually  brown  or  gray  and 
may  be  found  in  outbuildings  or  basements.  They 
apparently  do  little,  if  any  damage.  Jerusalem  crickets 
(Stenopelmams  fuscus)  are  large,  clumsy  insects  with  big 
heads.  Many  people  in  the  Southwestern  United  States 
believe  they  have  a  venomous  bite,  but  they  are  harmless. 

Exercises  (C14): 

1.  Match  the  cncket  species  in  column  B,  with  the 
descriptive  statements  in  column  A.  Column  B  items 
may  be  used  more  than  once. 


Column  A 

(1)  Many  people  believe  this 
type  of  cricket  has  a 
venomous  bite . 

(2)  Fond  of  warmth  and  is 
often  troublesome  in  food- 
handling  areas  and  homes. 

(3)  Antennae  may  be  four  or 
five  times  a  long  as  the 
body. 

(4)  Large,  clumsy  insects  with 
big  heads. 

(5)  Usually  brown  or  grey. 

(6)  Enters  the  home  chiefly  in 
cold  weather. 


Column  B 

Jerusalem 
cricket. 
House  cricket. 
Cave  and 
camel  crickets. 


(1.5  X  Actual  Size) 


Figure  1-8.  House  cricket. 


You  can  also  use  baits  indoors  for  controlling  crickets  by 
placing  the  baits  in  areas  where  crickets  are  numerous  and 
tend  to  congregate. 

To  prevent  crickets  from  entering  buildings,  spray 
residuals  in  a  5-foot  band  on  soil  around  the  structure  and 
on  the  foundation  wall  to  a  height  of  2  to  3  feet. 

Make  sure  you  use  chemicals  in  accordance  with  the 
recommendations  provided  on  the  pesticide  label. 

Exercises  (CI 5): 

1.  Where  should  residuals  be  applied  indoors  for  cricket 
control? 


2.  Treatment    in    food-handling    facilities    must  be 
restricted  to    and  . 


3.  Besides  sprays,  what  other  formulation  can  you  use 
indoors  for  controlling  crickets? 


4.  Baits  arc  placed  in  areas  where  crickets  are  numerous 
and  tend  to   • 


5.  To  prevent  crickets  from  entering  buildings,  you  can 

apply  residual  sprays  in  a  -foot 

band  on  soil  around  the  structure  and  the  foundation 
wall  to  a  height  of  to  feet. 


CIS.  State  the  controls  you  can  use  against  crickets. 

Controlling  Crickets.  You  can  effectively  control 
crickets  by  applying  approved  residual  insecticides  indoors. 
Apply  these  residuals  to  floors,  walls,  around  fireplaces  and 
dark  crevices,  in  basements,  and  behind  bas  boards. 
Treatment  in  food-handling  facilities  must  be  restricted  to 
cracks  and  crevices.  Apply  the  formulation  to  surfaces  by 
spraying  or  brushing. 
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1-7.  Piiibugs  and  Sowbugs 

Pillbugs  and  sowbugs  are  distributed  throughout  the 
world  but  are  most  abundant  in  areas  of  high  humidity. 
These  crustaceans  are  of  concern  to  you  as  a  pest  manager 
only  when  they  are  present  in  great  numbers. 

Pillbugs  and  sowbugs  are  important  to  humans  only  as 
nuisance  pests   when  they  enter  buildings.   They  are 
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unsightly  and  they  cause  special  concern  to  many  people, 
especially  those  who  are  not  familiar  with  them. 


C16.  Associate  given  identifying  characteristics  and 
habits  with  the  pillbug  and  sowbug. 


Characteristics  and  Habits.  Contrary  to  popular  belief, 
pillbugs  and  sowbugs  are  not  the  same.  Sowbugs  can  be 
distinguished  from  pillbugs  because  sowbugs  cannot  roll  up 
into  a  ball  as  the  pillbug  can.  This  characteristic  of  the 
pillbug  has  prompted  many  people  into  referring  to  it  as  a 
"roly  poly/'  Another  characteristic  of  sowbugs  that 
distinguishes  them  from  pillbugs  is  the  two  prominent 
taillike  appendages  that  are  not  present  on  pillbugs. 

Both  sowbugs  and  pillbugs  are  oval  and  somewhat 
flattened  in  shape.  Both  are  grayish  to  black  in  color  and  are 
about  12. S  mm  long. 

Pillbugs  and  sowbugs  belong  to  the  class  Crustacea, 
order  Isopoda,  thus  they  have  a  need  for  high  humidity. 
These  crustaceans  prefer  very  moist  areas  and  can  be  found 
outdoors  under  almost  any  object.  They  may  also  be  found 
under  piles  of  decaying  grass  cuttings  and  vegetable  matter 
and  in  cracks  that  are  between  building  foundations  and 
soils.  Indoors,  pillbugs  and  sowbugs  can  be  found  primarily 
in  damp  basements  and  ground-level  floorings  of  buildings. 

Sowbugs  and  pillbugs  normally  feed  at  night  upon 
decaying  vegetable  matter,  roots  of  small  plants,  and  often 
on  mushrooms.  Females  give  birth  to  living  young  which 
develop  into  adults  through  a  series  of  molts.  Because  these 
crustaceans  are  generally  inactive  during  the  winter 
months,  they  are  pests  only  during  warm  weather. 

Exercises  (C16): 

Identify  the  statements  below  as  they  apply  to  pillbugs 
sowbugs.  Place  a  P  or  an  S  in  the  blank  spaces  provided  to 
indicate  pillbug  or  sowbug.  Some  statements  may  apply  to 
both. 

  1 .  Not  capable  of  rolling  up  into  a  ball. 

  2.  Belong(s)  to  the  class  Crustacea. 

  3.  Feed  at  night  on  decaying  vegetation,  roots  of  small 

plants,  and  sometimes  mushrooms. 

 4.  Sometimes  referred  to  as  a  **roly  poly. " 

  5.  Two  prominent  taillike  apendages. 

  6.  Oval  and  somewhat  flattened. 

  7.  Grayish  to  black  in  color. 

  8.  About  12.5  millimeters  in  length. 

  9.  Give  birth  to  living  young. 


Ci7.  Describe  measures  for  controlling  pillbugs  and 
sowbugs. 

Physical  Controls.  Since  these  crustaceans  congregate 
in  large  numbers  under  and  between  objects,  you  can  pour 
hot  water  over  them  to  destroy  those  in  a  certain  group.  You 
can  also  spray  hot  water  around  the  edgws  of  building 
foundations  to  kill  any  pillbugs  and  sowbugs  that 
congregate  in  these  areas. 

Cultural  Controls.  Site  sanitation  includes  such 
measures  as  removing  grass  and  leaf  piles,  picking  up 
objects  on  the  ground,  and  keeping  the  area  free  of  garbage. 

To  control  these  pests  in  basements  and  ground  floor 
areas  without  chemicals,  keep  these  areas  dry  and  well 
ventilated.  Make  sure  doors  and  windows  fit  snugly  in  their 
frames  and  that  objects  are  stored  off  the  floor  and  away 
from  walls.  Raise  win  ows  in  dry  weather  for  ventilation, 
but  keep  windows  and  doors  closed  in  damp  weather. 

Chemical  Measures.  You  can  control  these  crustaceans 
chemically  by  applying  an  approved  pesticide  emulsion  or 
suspension  to  entire  lawn  and  turf  areas  or  as  a  band 
treatment  around  a  building  foundation.  Of  course,  you 
must  apply  these  formulations  in  accordance  ^  **h  the 
information  provided  on  the  pesticide  label. 

Exercises  (C17): 

1.  Pillbugs  and  sowbugs  can  be  controlled  by  using  what 
3  control  measures? 


2.  They  can  be  killed  by  pouring 
them. 


3.  What  cultural  controls  help  control  pillbugs  and 
sowbugs? 


4.  Control  of  these  pests  in  basements  and  ground  floor 
areas  without  chemicals  can  be  done  by  keeping  these 
areas  and  well 


5.  Chemical  control  of  these  crustaceans  may  be  obtained 
by  applying  an  approved  pesticidal  emulsion  or 
solution  to  what  areas? 


EKLC 


644 


22 


CHAPTER  2 


Venomous  Pests 


IN  RECENT  YEARS  the  number  of  hospital  admissions 
due  to  bites  and  stings  by  venomous  arthropods  has 
exceeded  admissions  for  treatment  of  snakebite.  The 
arthropods  most  frequently  listed  as  responsible  have  been 
wasps»  bees,  ants,  caterpillars,  spiders,  scorpions,  and 
centipedes.  Only  about  one-third  of  the  deaths  due  to 
venomous  animsds  in  the  United  States  in  the  last  few  years 
were  caused  by  snakebite;  the  others  were  caused  by 
venomous  arthropods. 

There  are  about  136  species  of  snakes  in  this  country, 
only  21  of  which  are  poisonous  and  likely  to  cause  death. 
At  lease  one  deadly  species  of  snake  is  found  in  every  State 
except  Alaska  and  Hawaii . 

This  chapter  will  cover  the  importance,  characteristics, 
and  controls  of  venomous  insects,  arachnids,  and  snakes. 


Hemniorhagic  toxin  prevents  the  normal  clotting  ability 
of  blood.  Thus,  it  causes  a  reddening  of  the  skin  in  the  area 
of  envenomization. 

Exercises  (CIS): 

Indicate  the  toxin  that  produces  each  of  the  following 
effects. 

1 .  inhibits  reflexes  and  may 

cause  shock. 


2. 


produces  skin  blisters. 


2-1  •  Arthropod  and  Reptile  Venoms 

Injury  from  venoms  produced  by  arthropods  and  reptiles 
is  a  common  public  health  hazard.  Millions  of  people 
within  the  United  States  are  affected  each  year  by  venoms 
pixxluced  by  these  creatures.  This  section  covers  the  types 
of  venom  arthropods  and  snakes  produce,  the  mode  of 
action  of  these  venoms,  and  how  these  veni  ms  are 
introduced  into  humans. 

C18.  Identify  toxins  that  produce  given  effects. 

Types  of  Venom  Produced.  There  are  five  basic  types  of 
venom  arthropods  and  reptiles  produce: 

(1)  Hemolytic  toxin. 

(2)  Neurotoxin. 

(3)  Urticating  toxin. 

(4)  Vesicating  toxin. 

(5)  Hemorrhagic  toxin. 

Most  arthropods  and  reptiles  in  the  United  States  produce  a 
hemolytic  venom. 

Mode  of  Action  of  Venoms.  Hemolytic  toxin  causes  a 
breakdown  of  red  blood  cells.  Ii  may  kill  large  blocks  of 
tissue  in  the  area  of  the  envenooiization. 

Neurotoxin  is  a  systemic  tccin  that  affects  the  nervous 
system.  It  inhibits  reflexes  and  may  caur,e  shock  in  severe 
cases. 

Urticating  toxin  simply  produces  wheals  (raised  areas)  on 
the  skin. 

Vesicating  toxin  produces  blisters  on  the  skin. 


3. 


causes  a  breakdown  of 


red  blood  cells. 


C19.  Relate  given  envenomization  methods  and  venom 
types  to  the  appropriate  arthropods  and  reptiles. 

Methods  of  Envenomization.  Most  envenomization 
occurs  through  stings  and  bites.  Other  methods  include 
pinching  and  contact.  The  methods  of  envenomization,  the 
types  of  venoms  introduced,  and  the  producers  are  outlined 
below: 


Envenomization 

Method  Toxin 


Slings 


Bites 


Conuct 


Pinching 


Hemolytic 

Neurotoxin 
Neurotoxin 


Hemorrhagic 
Urticating 


Vesicating 
Hemolytic 


Producer 

Insects:   wasps,   mud  daubers, 
yellow       jackets,  hornets, 
honeybees,   and  bumble  bees. 
Arachnids:  scorpions. 
Arachnids:      scorpions  (two 
species  within  the  U.S.). 
Arachnids:  black  widows  and 
brown  widows.  Reptiles:  coral 
snakes.    Insects:    wheal  bugs 
(both  hemolytic  and  neurotoxin), 
insects:  t>edbugs  and  ttuips. 
Insects:    puss    caterpillars,  lO 
moths ,       and  saddle-back 
caterpillars. 

Insects:  blister  beetles  Diplopids: 
millipedes. 

Chilopids:  centipedes. 
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Exercises  (CI9): 

I.  Match  the  producers  in  column  A  with  the 
cnvenomization  methods  and  toxin  types  in  column  B. 
You  may  use  the  items  in  column  B  more  than  once. 


Column  A 

(1)  Yellow  jacket. 

(2)  Scorpion. 

(3)  Black  widow. 

(4)  Bedhug. 

(5)  Puss  caterpillar 
/6)  Millipede. 

(7)  Centipede. 

(8)  Coral  snake. 


Column  B 

a.  Neurotoxic  bite. 

b.  Hemolytic  sting. 

c.  Vesicating  contact. 

d.  Hemorrhagic  bite, 
t?.  Neurotoxic  sting. 

f.  Hemolytic  pinch. 

g.  Urticating  contact. 


I .  Bees  are  generally  more  benet  icial  than  detrimental 
to  people. 


2.  Honeybees  are  more  beneficial  than  bumblebees  to 
people. 


3.  Food  production  is  one  of  the  least  beneficial 
aspects  of  the  honeybee. 


2*2.  Bees 

This  section  covers  good  and  bad  aspects  of  bees  in 
relation  to  humans,  the  general  characteristics  of  bees, 
important  bee  families,  and  measures  you  can  take  to 
manage  bees. 

C20.  Identify  the  beneficial  and  detrimental  aspects  of 
bees. 

Bees  are  generally  more  beneficial  than  detrimental  to 
humans;  however,  the  degree  to  which  they  help  or  hurt 
depends  on  the  bee  species  and  location. 

Beneficial  Aspects.  Honeybees  are  the  most  beneficial 
bees  to  humans  in  respect  to  food  production.  These  bees 
produce  honey,  and  most  important  of  all,  they  pollenate 
crop-bearing  plants.  Honeybees  also  produce  beeswax. 
Beeswax  is  used  extensively  as  a  sealant  because  it  does  not 
harden  readily  and  remains  pliable  for  many  years. 
Beeswax  is  also  used  for  lubricating  bow  strings.  Some 
people  use  beeswax  as  a  kind  of   natural"  chewing  gum. 

Bumblebees  are  helpful  to  peopie  because  they  pollenate 
plants  that  can't  be  pollenated  by  honeybees.  Some  plants 
have  a  nectary  so  deep  that  only  the  bumblebee  with  its  long 
tongue  can  cross-pollenate  them. 

Although  the  carpenter  bees  are  important  in  plant 
poUenation,  this  beneficial  aspect  is  often  overshadowed  by 
its  detrimental  habits. 

Detrimental  Aspects.  Honeybees,  bumblebees,  and 
carpenter  bees  are  all  important  from  a  medical  standpoint. 
The  hemotoxic  venom  causes  local  pain  usually  followed 
by  swelling  and  reddening  of  the  sting  area.  Some  people 
are  naturally  immune  to  bee  stings  and  won't  swell  at  all, 
while  others  will  swell  excessively  and  be  confined  to  bed. 
In  some  cases,  the  effects  of  bee  stings  can  cause  nausea, 
fainting,  and  even  death. 

Carpenter  bees  are  more  important  from  an  economical 
standpoint  than  from  a  medical  standpoint  because  they  can 
cause  fairly  extensive  structural  damage  to  wood  buildings. 

All  bees  can  be  a  severe  nuisance  pest  to  humans  at 
times. 

Exercises  (C20): 

In  the  space  provided  by  each  statement  below,  place  a  C  to 
indicate  a  correct  statement  or  an  I  to  indicate  an  incorrect 
statement;  correct  the  false  statements. 


  4.  Beeswax  hardens  and  remains  useful  for  years. 


5.  Bumblebees    pollenate    plants    that    cannot  be 
pollenated  by  honeybees. 


6.  Carpenter  bees  a.e  less  beneficial  than  honeybees 
or  bumblebees,  but  they  are  also  less  detrimental. 


7.  Bee  stings  are  often  painful  and  cause  sickness  and 
discomfort  but  never  death. 


8.  Bees  can  be  severe  nuisance  pests  to  humans  at 
times. 


C21.  Identify  bee  species  with  their  given  descriptions. 

Characteristics  of  Bees.  All  bees  are  insects  belonging 
to  the  order  Hymenoptera  but  not  all  belong  to  the  same 
family,  nor  do  they  have  the  same  characteristics.  Since  the 
carpenter  bees  were  discussed  in  Volume  5,  only  the 
characteristics  of  the  honeybees  and  bumblebees  are 
discussed  here. 

Honeybees.  Honeybees  belong  to  the  family  Apidae. 
They  are  characterized  by  their  construction  of  vertical 
combs  of  wax  and  the  fact  that  the  queen  alone  cannot  start 
a  new  colony.  There  are  several  races  of  honeybees,  and 
each  race  has  varying  characteristics.  For  example,  the 
Italian  bees  are  a  gentle  race,  but  the  German  bees  are 
agressive  and  need  no  prompting  to  sting.  Fortunately,  the 
Italian  honeybees  are  more  prevalent  in  the  United  States. 

Honeybees  are  social  insects  that  live  in  large  colonies  of 
up  to  20,000  bees  or  more.  Honeybees  have  a  distinct  social 
order  called  a  caste  system.  The  castes  of  the  honeybee 
consist  of  the  queen,  worker,  and  drone.  The  workers  arc 
about  15  mm  long  and  have  very  hairy  faces.  They  have  a 
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saclike  organ,  called  a  pollen  basket,  on  the  outer  surface  of 
each  hind  tibia.  They  use  the  pollen  basket  to  transport 
pollen  back  to  the  hive. 

Bumblebees.  These  bees  belong  to  the  family  Bombidae 
and  generally  nest  inside  holes  in  the  ground,  such  as  those 
constructed  by  burrowing  animals.  Bumblebees  live  in 
colonies  during  the  summer  but  only  the  queens  survive  the 
winter.  Bumblebee  colonies  differ  from  the  honeybees  in 
that  there  are  several  queens  in  a  bumblebee  colony, 
compared  to  only 'one  in  a  honeybee  colony.  The  colonies 
also  differ  in  that  bumblebees  have  no  worker  caste.  Thus, 
the  undeveloped  female  queens  must  carry  out  all  chores. 

Bumblebees  are  much  larger  than  honeybees  and  their 
bodies  are  hairier.  They  do  not  have  pollen  baskets  but  have 
a  spur  on  each  hind  tibia. 

Exercises  (C21): 

Give  the  name  or  names  of  the  bees  that  best  fit  the 
following  descriptions. 

1.    These   bees  belong  to  the  order 

Hymenoptera. 

2.  These  bees  belong  to  the  family 

Apidae. 

3.    There  are  several  queens  in  this  kind 

of  colony. 

4.    These  bees  generally   nest  inside 

holes  in  the  ground. 

5.  These  colonies  have  no  worker  caste. 

6.    This  kind  of  bee  includes  gentle 

Italian  bees  and  agressive  German 
bees. 

7.    Undeveloped  female  queens  must 

carry  out  all  chores. 

8.    These  bees  do  not  have  a  pollen 

basket. 


couple  of  days  near  the  entrance  to  the  area  where  it  was 
established.  Remove  swarms  of  honeybees  from  bushes  or 
other  exposed  areas  by  holding  a  white  cotton  cloth  beneath 
the  mass  and  raking  them  gently  away.  After  you  have 
collected  the  bees,  transfer  them  to  a  beekeeper  or  to  an 
open  field. 

When  you  give  bees  to  beekeepers  or  collectors,  you 
solve  the  problem  of  controlling  them.  In  addition,  you  do 
the  environment  a  favor  and  you  don't  have  to  kill  the 
insects  with  chemicals. 

Collecting  honeybees  is  an  art  that  should  be  done  only 
by  experienced  people.  If  >ou  are  inexperienced,  and  you 
must  remove  honeybees,  be  sure  you're  clothed  properly 
and  wear  a  bee  net  over  your  head.  Wear  loose-fitting 
clothing  with  the  cuffs  of  sleeves  and  legs  tightened  over 
your  gloves  and  boots  to  prevent  the  bees  from  entering.  Tie 
the  bottom  of  the  bee  net  securely  over  the  collar  of  your 
clothing  to  prevent  bees  from  getting  inside  the  net. 

Chemical  control.  Bees  are  generally  susceptible  to 
insecticides  (dusts,  sprays,  or  aerosols)  and  are  easily 
controlled  when  they  are  swarming  or  when  the  colony  is 
exposed.  Since  bees  are  inactive  at  night  and  are  massed  in 
their  colony,  take  control  measures  in  the  late  afternoon  or 
early  evening. 

Controlling  bees  that  are  established  in  inaccessible  areas 
is  more  difficult  and  you  may  need  to  make  several 
treatments  to  kill  the  entire  colony.  Insecticidal  dusts  are 
more  effective  in  this  instance  because  they  can  be  blown 
into  the  area  for  workers  to  carry  into  comb  cavities.  You 
should  repeat  this  process  weekly  for  2  to  3  weeks. 

Exercises  (C22): 

For  each  of  the   situations  below,   state  the  control 

techniques  that  would  be  most  appropriate. 
1.  A  colony  of  bees  has  swarmed  and  is  infesting  a 
decorative  bush  outside  the  main  entrance  to  the 
commissary;    they    are    a    serious    threat   to  the 
commissary  patrons.  What  should  you  do? 


C22.  State  control  techniques  for  bees. 

Controlling  Bees.  Since  most  bees  are  very  beneficial, 
you  should  make  every  possible  effort  to  control  them 
without  harming  them.  Of  course,  you  must  also  protect 
yourself  to  keep  them  from  hurting  you. 

Personal  protection.  The  best  way  to  protect  yourself 
from  bees  is  to  avoid  them.  If  you  see  bees  working  in  an 
area,  leave  them  alone  because  most  will  not  harm  you 
unless  you  disturb  them.  If  you  are  involved  in  outdoor 
activities,  check  the  area  thoroughly  for  signs  of  bee 
swarms  or  hives  and  avoid  the  areas  used  by  bees  if 
possible.  People  that  are  allergic  to  stings  should  undergo  a 
series  of  desensitization  shots  to  increase  their  tolerance  to 
stings. 

Physical  removal.  You  can  effectively  control 
honeybees  simply  by  transferring  established  colonies  from 
one  area  to  another.  To  remove  an  established  colony, 
expose  the  colony  in  order  to  cut  away  the  combs.  Fasten 
the  comb  ix>rtions  containing  brood  into  frames  with  cotton 
string  to  entice  the  bees  into  the  hive.  Keep  the  hive  for  a 


2.  A  colony  of  unwanted  bees  is  nesting  in  an  animal 
burrow  on  the  golf  course;  they  are  a  hazard  to  golfers, 
and  several  people  have  been  stung.  What  control 
measures  should  you  take? 


2-3.  Wasps 

At  times,  wasps  become  severe  pests  to  humans, 
especially  when  they  build  nests  near  or  in  homes  and  other 
structures. 

This  section  covers  the  imp>ortant  activities  and  the 
general  characteristics  of  wasps  as  well  as  the  measures  you 
can  use  to  control  them. 
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C23.  Identify  important  aspects  ol  wasps. 

Important  Aspects  of  Wasps.  Like  bees,  all  wasps  are 
medically  important  to  people  because  of  their  stinging 
ability,  and  as  with  bees,  the  reactions  of  humans  to  their 
stings  depend  on  each  person.  Also,  since  many  species  are 
social  insects,  they're  likely  to  be  found  in  large  numbers  in 
the  nest's  vicinity. 

Wasps  are  very  beneficial  to  humans  in  food  production, 
but  most  help  in  a  way  different  from  bees.  Wasps  neither 
produce  honey  nor  beeswax,  but  they  serve  as  plant 
pollenalors  to  a  small  degree.  Wasps  are  more  important  in 
food  production  as  being  parasites  of  many  insects  that  can 
destroy  crops. 

There  are  several  wasps  that  destroy  vegetation,  and 
there  are  others  that  parasitize  insects  and  arachnids  that  are 
very  beneficial  to  us. 

Exercises  (C23): 

1.  Like  bees,  all  wasps  are  medically  important  to 
humans  because  of  their  ability. 


2.  The  reaction  of  a  person  to  a  wasp  sting  depends  on  the 


3.  The  most  important  aspect  of  the  wasp's  benefit  to 
humans  is  that  they  are  parasitizers  of  many 
 that  are  responsible  for  destroying 


This  attraction  explains  their  presence  around  homes  and 
picnic  activities.  The  social  wasps  may  construct  mud  nests 
that  resemble  beautifully  fashioned  vases,  globes,  or  mud 
clods.  They  may  also  construct  paperlike  nests  with 
exposed  or  concealed  cells.  You  may  find  these  nests 
around  the  eaves  of  buildings,  within  attics,  in  shrubs, 
brush  piles,  woodpiles,  in  holes  in  the  ground,  or  under 
objects  on  the  ground. 

Exercises  (C24): 

Identify  as  true  (T)  or  false  (F);  correct  any  false  statements. 

  1.  Wasps  belong  to  the  order  Hymenoptcra,  which  is 

also  represented  by  bees  and  ants. 


2.  The  purpose  of  the  ovipositor  in  the  female  wasp  is 
laying  eggs. 


3.  Wasps  live  in  colonies  and  are  severe  pests  to 
humans. 


4.  Wasps  that  do  live  in  colonies  construct  nests  of* 
mud  or  a  paperlike  substance. 


5.  Wasp  nests  may  be  found  in  a  variety  of  different 
locations. 


4.  There      are      several      wasps      that  destroy 


C25.  Identify  correct  details  regarding  wasp  control 
methods. 


C24.  Identify  the  general  characieristics  of  wasps. 

General  Characteristics.  Wasps  belong  to  the  order 
Hymenoptcra,  which  also  includes  bees  and  ants.  The 
adults  have  two  pairs  of  membranous  wings.  The  adult 
females  have  ovipositors  they  use  to  deposit  eggs  or  to  sting 
people  and  other  animals.  In  some  wasps  the  ovipositor  is 
very  prominent  and  nonretractable;  in  others,  the  ovipositor 
can  be  retracted  into  the  abdomen,  completely  concealing 
it. 

Most  wasps  that  are  generally  beneficial  to  humans  are 
loners  and  do  not  construct  massive  nests.  This  way  of  life 
liiight  account  for  the  reason  we  don't  consider  them  to  be 
severe  pests  to  people. 

The  significantly  harmful  wasps  are  generally  social 
insects  that  build  large  nests  around,  on,  or  in  our  buildings 
and  ^'ork  areas.  These  wasps  are  attracted  to  sweets,  fruits, 
and  meats.  They  may  actually  bite  off  portions  of  foods. 


Wasp  Control  Measures.  For  the  most  part,  wasps  are 
active  only  during  daylight  hours.  For  this  reason,  you 
should  only  take  control  measures  in  the  early  morning  or 
late  evening  when  most  of  the  wasps  are  still  on  the  nest. 

Almost  any  insecticide  will  control  paper  wasps  if  you 
quickly  spray  it  into  or  onto  tlie  nest,  but  you  must  exercise 
caution  to  keep  from  getting  stung.  Here  are  some  rules  to 
follow  that  will  help  you  get  quick  control  and  reduce  the 
risk  of  wasp  stings: 

a.  Try  to  control  the  nest  while  most  of  the  wasps  are 
still  on  it,  such  as  in  the  early  morning. 

b.  Use  an  insecticide  with  quick  knockdown  capabilities. 
This  includes  pesticides  such  as  1  percent  Diazion,  I 
percent  Baygon,  0.5  percent  Dursban,  or  2  percent  Sevin. 
The  newer,  long-range  aerosol  cans  are  particulat-y  useful, 
especially  for  nests  beyond  the  range  of  manual  sprayers. 

c.  Move  cautiously  around  the  nest,  but  get  close  enough 
to  get  an  accurate  **shot"  at  it  before  any  wasps  can  move 
away. 
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c/.  If  you  must  treat  a  nest  during  the  day,  wear 
protective  clothing  such  as  boots,  heavy  coveralls,  veiled 
headwear,  and  heavy  gloves.  Then,  make  sure  you  secure 
these  items  so  no  wasps  get  between  you  and  your  clothing. 
(Things  like  that  can  ruin  your  whole  day 

Although  oil  solutions  may  have  a  quicker  impact  on  the 
wasps,  don*t  use  them  if  spray  drift  represents  a  danger  to 
vegetation  or  treated  surfaces.  In  most  situations,  it*s 
probably  a  better  practice  to  use  an  emulsion.  After  the 
adults  are  killed,  try  to  knock  down  the  nest  and  crush  it. 
Don't  worry  if  you  can't  do  this,  though,  since  it's  not 
likely  that  the  larvae  and  pupae  will  survive  the  residual 
treatment. 

Exercises  (C25): 

Identify  as  true  (T)  or  false  (F).  Correct  any  false 
statements. 

  1 .  Wasp  control  measures  are  best  conducted  in  the 

daytime  when  most  wasps  are  away  from  the  nest. 


2.  Almost  any  insecticide  will  control  paper  wasps 
when  applied  directly  to  the  nest. 


3.  Oil  solutions  should  always  be  used  against  wasp 
nests  to  ensure  the  quickest  possible  knockdown. 


4.  After  wasps  on  a  nest  are  killed,  you  should  try  to 
knock  down  the  nest  and  crush  it. 


pest  wasps.  The  hornet  that  is  most  common  and  distributed 
throughout  the  United  States  is  the  baldfaced  hornet 
(Vespula  maculata). 

Tliis  species  is  a  large  (about  22  mm  long),  black  and 
white  hornet.  It's  white  markings  are  the  main  features  that 
distinguish  it  from  the  true  yellow  jackets.  Also,  the  thorax 
and  abdomen  are  much  broader  than  other  wasps  and  these 
parts  are  not  separated  as  distinctly  as  the  thorax  and 
abdomen  of  other  wasps. 

Habits.  Hornets  construct  paperlikc  nests  as  do  other 
pest  wasps,  but  the  nests  of  hornets  arc  completely  enclosed 
with  a  paperlike  covering  and  may  resemble  a  massive 
**bloated  football"  or  an  inverted  teardrop  (fig.  2-1)  near 
the  suspended  end.  Hornets  often  attach  these  nests  to  a  tree 
limb  or  beneath  any  projecting  surface. 

Control.  One  of  the  oldest  and  most  effective  ways  to 
control  hornets  predates  the  use  of  organic  insecticides. 
You  simply  affix  a  torch  to  the  end  of  a  rod  of  sufficient 
length,  light  it,  and  hold  it  up  to  the  bottom  of  the  nest, 
holding  it  in  place  until  the  nest  is  completely  burned.  Tree 
pruners  are  now  available  which  have  hollow  telescoping 
aluminum  handles.  This  implement  is  especially  good  for 
this  sort  of  treatment,  being  light,  sturdy,  and 
nonflammable. 

Clearly,  with  this  type  of  action,  you've  got  to  take 
proper  safety  measures.  Coordinate  your  work  with  the  base 
fire  department  and,  as  a  minimum,  have  a  hydraulic 
sprayer  filled  with  clean  water.  Use  this  to  spray  the  area 
surrounding  the  nest  after  you've  burned  it.  If  the  area 
around  i'le  nest  is  brush  and  dry,  you  should  possibly  have 
larger  equipment  available  from  the  fire  department. 
Additionally,  make  sure  you  wear  all  your  protective 
clothing  as  described  for  wasps. 

There  are  other  materials  and  techniques  you  can  use  to 
control  hornets  and  other  wasps.  One  prodUv:t  is  Wasp 


2-4.  Hornets  and  First  Aid  for  Stings 

Although  hornets  are  a  type  of  wasp,  they  are  included  in 
a  separate  section  because  their  characteristics  are 
somewhat  different  from  the  other  types  of  pest  wasps. 

Tnis  section  covers  the  characteristics  of  hornets, 
controls  for  hornets,  and  the  first  aid  treatment  for 
hymenopterous  stings. 

C26.  Describe  the  importance,  classiflcation,  habits  and 
control  of  hornets. 

Importance.  Although  hornets  parasitize  certain  insects 
and  arachnids,  their  danger  to  humans  overshadows  their 
small  degree  of  helpfulness.  These  insects  are  quite  vicious 
and  inflict  very  painful  stings,  even  more  painful  than 
yellow  jackets.  Of  course,  the  effects  of  hornet  stings 
depend  on  the  individuals  that  have  been  stung,  as  other 
hymenopterous  stings.  Hornets  are  the  most  feared  of  all  the 
hymenopterous  insects. 

Classification.  Hornets  belong  to  the  order 
Hymcnoptcra,  family  Vespidac,  as  do  the  more  common 


Figure  2-1 .  Hornet  nest. 
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Freeze,  which  contains  highly  vohitile  solvents  and 
pyrethrins  and  is  packaged  in  a  pressurized  container.  This 
combination  produces  almost  instant  knockdown  of  insects 
hit  and  is  applicable  for  use  against  any  of  the  paper  wasps, 
even  ground-nesting  wasps  such  as  yellow  jackets.  No  other 
insecticide  needs  to  be  introduced  into  the  nest,  as  the 
volatile  solvents  apparently  kill  all  adults  present,  and  the 
immature  stages  die  from  lack  of  care. 

Exercises  (C26): 

1.  Compare  the  beneficial  and  detrimental  aspects  of 
hornets. 


same  direction  as  the  angle  of  the  stinger  to  avoid  breaking 
it  off.  This  method  prevents  squeezing  more  venom  from 
the  poison  sac.  Do  Not  use  tweezers. 

Once  the  stinger  has  been  removed,  apply  a  paste  of 
water  and  bicarbonate  of  soda  (baking  soda)  to  relieve  the 
pain. 

NOTE:  Never  rub  a  sting  area.  Rubbing  only  speeds  the 
flow  of  venom  into  the  blood  and  increases  the  inflamed 
area. 

Exercises  (C27): 

1.  What  action  should  you  take  if  you  get  several 
hymenopierous  strings? 


2.  The  most  common  hornet  distributed  throughout  the 

U.S.  is  the   .  2.  How  does  treatment  for  a  bee  sting  differ  from  that  for 

a  wasp  or  hornet  sting? 


3.  What  main  characteristic  distinguishes  the  baldfaced 

hornet  from  the  true  yellow  jackets?  3.  Since  the  bee  stinger  has  a  poison  sac  attached  to  it, 

you     should     not     try     to     remove     it  with 


4.   How  do  hornet  nests  differ  from  those  of  yellow 

jackets? 


5.  What  is  the  oldest  and  possibly  most  effective  control 
measure  for  hornets? 


4.  After  removing  the  stinger,  what  action  can  you  take  to 
relieve  pain? 


5.  Why  should  you  never  rub  a  sting  area? 


i     What  two  safety  concerns  are  of  primary  importance 
when  you  use  burning  to  eliminate  a  hornet  nest? 


C27.  Describe  first  aid  treatn:;snt  for  hymenopterous 
stings. 

First  Aid  for  Hymenoptera  Stings.  Unless  you  have 
received  several  stings  at  one  time,  a  good  first  aid 
treatment  is  normally  sufficient.  However,  if  you  have 
received  many  stings  or  if  you  are  allergic  to  stings,  you 
should  receive  treatment  for  shock  and  get  medical  help  as 
quickly  as  possible. 

Unlike  the  wasp  and  hornet,  the  bee's  ovipositor  has 
barbs  on  it.  Therefore,  when  the  bee  uses  it  as  a  weapon, 
the  stinger,  poison  sac,  and  other  parts  of  its  anatomy  are 
torn  from  its  body  and  remain  in  the  victim.  Thus,  the  first 
aid  for  treating  bee  stings  differs  from  treatments  for  wasp 
and  hornet  stings  in  that  the  bee  stinger  must  be  removed. 

To  remove  the  stinger,  place  the  sharp  edge  of  a  knife 
blade  immediately  below  the  sting  entrance  and  position  it 
flat  against  the  skin  with  the  sharp  edge  closest  to  the 
exposed  portion  of  the  sting.  Carefully  pull  the  blade  in  the 
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2-5.  Spiders 

There  are  only  a  few  spiders  that  are  dangerous  to 
humans  within  the  United  States,  but  spiders  of  all  types  are 
probably  more  feared  by  humans  than  any  other  venomous 
arthropod.  This  fear  of  spiders  is  a  result  of  not  knowing 
their  characteristics  and  not  recognizing  the  few  species  that 
are  dangerous. 

This  section  will  cover  the  general  characteristics  of 
spiders,  the  most  medically  important  spiders  within  the 
United  States,  spider  habits  and  habitats,  as  well  as 
measures  you  can  take  to  control  spiders. 

C28.  Specify  correct  statements  regarding  the 
importance  of  spiders. 

Importance  of  Spiders.  Contrary  to  the  popular  belief 
that  most  spiders  are  poisonous  and  harmful,  they  are 
actually  more  beneficial  than  detrimental.  Spiders  occupy  a 
wide  variety  of  ecological  niches,  ranging  from  treetop 
level  in  tropical  rain  forests  (hunting  or  wolf  spiders),  to 
positions  over  well-defined  hunting  trails,  to  silk-lined, 
underground  tunnels. 
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All  spiders  arc  prcdaccoiis.  IccJing  largely  on  insects. 
Because  of  their  habits,  tlicy  can  oltcn  play  an  important 
role  in  maintaining  the  balance  ot  nature  and  limiting  insect 
populations.  However,  dangerously  venomous  spiders 
often  occur  in  or  around  living  quarters.  This  creates 
situations  where  people  may  brush  against  webs  or  be  bitten 
while  putting  on  clothing  where  spiders  hide. 

The  most  important  species  are  members  of  the  genera 
Atrcix  in  Australia;  HarpactircUa  in  South  Africa; 
Chiracanthium  in  portions  of  the  Far  East  and  the  Pacific 
Islands;  Glytocranium,  Phoneutria,  Pamphobeteus, 
Ctenus,  iXuALycosa  in  some  portions  of  South  America;  and 
Loxosceles  in  South,  Central,  and  North  America.  The  most 
important  species  that  occur  within  the  United  States  belong 
to  the  genera  Latrodectus  (widow  spiders)  and  Loxosceles 
(brown  spiders). 

Tlie  important  spiders  within  the  genus  Latrodectus 
include  the  black  widow  (Latrodectus  mactans),  the  brown 
widow  (Latrodectus  geomet rices),  and  the  red  widow 
(Latrodectus  dishoti). 

The  brown  recluse  (Loxoceles  reclusa)  is  the  only 
dangerously  poisonous  member  of  the  genus  Loxosceles 
within  the  United  States. 

The  most  important  poisonous  spider  within  the  United 
States  is  the  black  widow  spider.  The  bite  of  the  female 
black  widow  spider,  although  not  as  important  as  generally 
beli;ived,  can  produce  death — the  death  rate  being  about  5 
percent.  Although  very  young  children  or  the  very  aged  are 
supposed  to  be  most  susceptible  to  black  widow  spider 
venom,  most  U.S.  deaths  occur  among  males  bitten  in  the 
genital  area,  U2>ually  while  using  outdoor  privies.  Most  of 
these  deaths  are  among  migrant  workers  in  the  California 
vegetable  fields.  The  male  black  widow  spider  has  very 
Jiirle  venom  and  the  mouthparts  are  not  strong  enough  to 
penetrate  human  skin. 

Both  sexes  of  the  brown  recluse  can  inflict  poisonous 
bites  to  mammals.  The  typical  reaction  to  its  bite  is  necrosis 
(killed  tissue)  at  the  site  of  the  bite.  The  victim  may  not 
know  he  or  she  had  been  bitten  for  2  or  3  hours,  or  a  painful 
reaction  may  occur  immediately.  This  stinging  sensation 
usually  leads  to  intense  pain.  A  small  blister  usually  rises 
and  a  large  area  around  the  bite  becomes  congested  and 
swollen.  The  patient  may  become  restless,  feverish,  and 
have  difficulty  in  sleeping.  The  local  pain  is  frequently 
quite  intense  and  the  area  surrounding  the  bite  remains 
congested  and  hard  to  the  touch  for  some  time.  The  tissue 
affected  locally  by  the  venom  is  killed  and  gradually 
sloughs  away,  exposing  the  underlying  muscles.  The  edges 
of  the  wound  thicken  and  are  raised  while  the  central  area  is 
filled  by  dense  scar  tissue.  Healing  occurs  quite  slowly  and 
may  take  6  to  8  weeks.  The  end  result  is  a  sunken  scar 
which  has  been  described  as  resembling  a  hole  punched  or 
scooped  from  the  body.  Scars  ranging  from  the  size  of  a 
penny  to  a  half-dollar  have  been  reported.  The  necrotic 
condition  described  above  is  typical  of  all  bites  of  the  brown 
recluse,  but  in  some  cases  a  general  systemic  reaction  may 
occur.  Luckily,  this  tendency  seems  to  occur  rarely  and  is 
usually  the  result  of  a  ''full"  bite  (i.e.,  the  injection  of  a 
maximum  amount  of  ven,^rn\  or  extreme  sensitivity  to  the 
venom.  This  general  reaction  to  the  bite  of  the  brown 
recluse  usually  requires  hosr)itali7;itirvn.  Those  in  poor 


general  physical  condition,  young  children,  and  older 
people  are  more  likely  to  be  affected  seriously  by  the  bite  of 
the  brown  recluse. 

Exercises  (€28): 

Identify  the  statements  below  as  true  (T)  or  false  (F)  and 
correct  any  false  statements. 

  I.  Spiders  are  considerably   more  beneficial  than 

detrimental. 


2.  All  spiders  are  poisonous  and  predacecus. 


3.  Spiders  play  an  important  role  in  limiting  the  insecC 
population. 


4.  Dangerously  venomous  spiders  occur  in  a  very  few 
areas  of  the  world. 


5.  The  most  important  poisonous  spider  in  the  United 
States  is  the  brown  recluse. 


6.  The  male  black  widow  spider  has  very  little  venom 
and  the  mouthparts  are  not  sufficiently  strong  to 
penetrate  the  skin  of  humans. 


7.  The  female  brown  recluse  is  the  only  one  of  the 
species  which  is  poisonous. 


8.  The  full  bite  of  a  brown  recluse  is  no  more  serious 
than  a  partial  bite. 


9.  The  very  old  or  the  very  young  are  likely  to  be 
affected  most  seriously  by  the  bite  of  a  brown 
recluse. 


C29*  Describe  details  regarding  spider  classification  and 
characteristics. 

Classiflcation  and  Characteristics*  Spiders  belong  to 
the  order  Araneida  in  the  class  Arachnida.  They  are  found 
worldwide,  but  most  live  in  the  ten^.perate  and  tropical 
zones. 
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Many  spiders  use  their  poison  to  paralyze  their  prey. 
Although  the  venom  is  sufficient  for  this  purpose  with 
insects  and  some  smah  animals,  humans  are  not  generally 
bothered.  Very  few  spiders  have  mouthparts  that  can 
penetrate  the  skin  of  humans,  and  most  of  those  that  do 
have  venom  can  produce  only  local  symptoms  or  an 
occasional  allergic  reaction. 

Spiders,  like  other  arachnids,  have  eight  legs,  no  wings, 
and  no  antennae.  Unlike  scorpions,  ticks,  and  mites, 
spiders  (fig.  2-2)  have  an  unsegmentc  J  abdomen  attached  to 
the  cephalothorax  by  a  shoit  pedicel  or  stalk.  The  eyes  are 
simple,  usually  eight  grouped  together  or  separated  across 
the  head.  The  head  also  has  a  pair  of  antennalikc  or  loglike 
pedipalps  and  a  paii  of  chelicerae  with  fangs.  There  are 
many  types  of  spiders  with  considerable  variation  in  size, 
color,  locomotion,  web-spinning  characteristics,  methods 
of  hunting  and  catching  prey,  shelter-seeking,  and  other 
distinctive  characteristics.  After  they  hatch  from  eggs, 
immature  spiders  pass  through  several  instars  before 
reaching  sexual  maturity.  Typically,  females  pass  through 
more  instars  than  do  males.  The  lifespan  varies  with  such 
factors  as  food  supply,  natural  enemies,  temperature,  and 
humidity. 

Exercises  (C29): 
1 .  In  what  zones  are  spiders  generally  found? 


2.  How  do  many  spiders  use  their  poison? 


3.  The  venom  of  most  spiders  is  sufficient  as  far  as 
insects    and   small    animals   are    concerned,  but 

 are  not  generally  bothered  by  the  venom 

of  most  spiders. 


4.  Very  few  spiders   have    that  can 

penetrate  the  of  humans. 


5.  Typically,    female    spiders    pass    through  more 
 than  males. 


C30.  Identify  spider  characterisucs  regarding  tlieir 
identification  and  habits. 

Blacic  Widow  Spider.  The  female  black  widow  spider 
(Lactrodectus  mactans)  is  12  to  14  millimeters  in  length 
'  'hUe  the  male  is  about  half  that  size.  The  entire  body  is 
usually  a  bright,  shiny  black  (fig,  2-2)  except  for  the 
maricings;  however,  on  some  specimens  the  thorax  and  legs 


Figure  2-2.  Black  widow  spider. 

may  be  a  dark  brown.  There  are  short,  black  hairs  covering 
the  body  and  legs  but  they  are  so  fine  you  won*t  usually 
notice  them.  On  the  underside  of  the  abdomen,  the  female 
has  an  hourglass-shaped  spot  which  is  usually  a  bright  red, 
although  orange  to  cream  colors  may  occur  on  those  found 
in  some  geographical  areas.  In  addition,  the  males  have 
rows  of  red  spots  and  diagonal  yellowish  stripes  of  various 
straw-colored  markings  on  the  upper  surface  of  the 
abdomen.  These  markings  may  be  present  in  various 
combinations.  The  legs  may  be  alternately  pale  and  black 
banded.  Inmiature  females  vary  in  their  markings  so  that 
their  appearance  may  be  a  cross  between  that  of  the  adult 
male  and  female. 

The  female  black  widow  produces  several  sacs  with  an 
average  of  some  200  eggs  each  in  round,  creamy-white 
cases  attached  to  her  web.  The  eggs  usually  hatch  in  2  to  4 
weeks  to  very  tiny,  gray,  active  spiders  which  are 
cannibalistic.  The  eggs  are  usually  laid  during  the  summer 
and  the  young  forms  reach  maturity  the  following  spring. 
These  spiders  are  found  on  the  underside  of  privy  seats,  in 
piles  of  lumber  and  trash,  and  in  empty  paint  cans  and 
buckets.  People  frequently  find  them  beneath  houses  in 
some  areas,  and  they  may  occur  in  storerooms  anu  garages. 
The  web  is  extremely  irregular  and  very  loosely  woven,  and 
the  tube  into  which  the  female  retires  is  not  in  plain  view. 
Black  widows  live  in  dark  areas  and  generally  avoid  light. 
Their  normal  food  is  insects,  and  they  usually  bile  people 
only  if  they  are  disturbed. 

Brown  Widow  Spider.  The  female  brown  widow  spider 
(Lactrodectus  geometrit  is  usually  brown  to  grey  in 
color  and  has  the  reJ-to-urange  hourglass  marking  typical 
of  widow  spiders.  At  present,  this  spider  is  found  only  in 
Florida  on  or  near  buildings. 

Unlike  the  egg  sacs  of  a  black  widow  spider,  those  of  the 
brown  widow  are  tufted  and  fluffy  and  honey  gold  in  color. 

Red  Widow  Spider.  The  female  red  widow  spider 
(Latrodectus  bishopi)  is  quite  different  in  color  from  other 
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widow  spiders.  The  legs  and  cephalothorax  are  generally 
reddish  brown  and  the  abdomen  is  basically  dark  brown 
splotched  with  yellow  and  has  a  red-to-orange  spot  on  the 
underside,  unlike  the  hourglass  marking  that  is  typical  of 
other  widow  spiders. 

The  only  place  this  spider  is  found  at  present  is  in  the 
palmettos  and  scrub-pines  of  southern  and  central  Florida. 
The  egg  sacs  of  this  spider  are  generally  white,  smooth,  and 
round. 

Northern  Widow  Spider.  The  female  northern  widow 
spider  (Lactrodectus  variolus)  is  very  similar  in  color  to  the 
bla^k  widow  spider  except  it  is  not  shiny  black  but,  instead, 
is  smokey  black. 

This  spider  is  distributed  from  northern  Florida  to 
southern  Canada  and  is  very  common  in  British  Columbia. 
It  is  generally  found  in  isolated  woods,  in  tree  stumps,  and 
in  brick  or  stone  walls. 

The  egg  sacs  of  the  northern  widow  spider  are  paperlike 
and  brown  in  color. 

Brown  Recluse  Spider.  The  brown  recluse  spider 
(Loxosceles  reclusa)  is  of  medium  size,  measuring  about  10 
to  15  millimeters  long  and  5  to  7  millimeters  across.  The 
legs  are  long  and  both  legs  and  body  are  covered  with 
minute  brown  hairs  but  appear  almost  bare  to  the  unaided 
eye.  The  body  color  varies  from  light  greyish  brown  to  dark 
brown.  The  most  distinguishing  mark  is  the  dark  fiddle- 
shaped  band  on  tlie  anterior  portion  of  the  carapace,  which 
narrows  to  a  thin  centerline  extending  almost  to  the 
abdomen  (fig.  2-3).  Unlike  most  spiders,  this  species  and 
its  close  relatives  have  six  instead  of  eight  eyes. 

The  brown  recluse  spins  a  mediurr.-sized  irregular  web 
with  a  maze  of  threads  extending  in  ail  directions  without 
definite  pattern  or  plan.  The  web  fibers  tend  to  be  very 
viscid,  or  sticky.  In  the  laboratory  this  spider  often 
constructs  a  retreat  of  loose  silk  in  one  part  of  its  web.  For  a 
retreat  in  winter  in  its  out-of-doors  habitat,  the  brown 
recluse  spins  a  tube  of  thick  silk  which  somewhat  resembles 
the  hibernation  retreat  made  by  jumping  spiders.  Females 
usually  produce  more  than  one  egg  sack  with  a  maximum 
production  of  five.  Egg  production  averages  about  135  with 
hatching  occurring  in  2  weeks.  The  setae  of  the  young  are 
very  dark;  the  abdomen  is  yellow/brown;  and  the  rest  of  the 
body  color  is  pale  tan.  Except  for  the  *Tiddle"  pattern  not 
being  evident  on  the  carapace,  the  spiderlings  resemble  the 
adult.  There  are  eight  instars  in  the  development  to  the  adult 
stage,  the  first  one  occurring  within  the  egg  sac  and  all 
others  outside.  The  duration  of  the  second  through  the 
eighth  instars  is  variable,  sometimes  extending  for  as  long 
as  200  days.  Indoors  these  spiders  are  commonly  found  in 
houses  and  associated  buildings,  boiler  houses,  schools, 
churches,  libraries  stores,  and  other  such  buildings. 
Because  the  spiders  are  sedentary  and  avoid  the  light  they 
are  seldom  seen,  but  they  can  be  found  in  almost  any  place 
that  has  been  relatively  undisturbed  for  a  long  period  of 
time,  such  as  behind  pictures,  beneath  and  behind  furniture, 
in  boxes  of  toys,  in  clothing,  and  among  stored  papers. 
Even  though  the  brown  recluse  is  most  often  found  in  and 
around  houses,  its  natural  habitat  seems  to  be  out  of  doors, 
at  least  in  the  southern  part  of  its  range.  In  outdoor  locations 
it  has  been  found  beneath  flat  rocks,  under  loose  bark,  in 
crevices  of  old  decaying  logs,  and  in  trash  piles. 


Exercises  (C30): 

1.  Match  each  type  of  spider  in  column  B  with  its 
description  in  column  A.  Items  in  column  B  may  be 
used  more  than  once  and  may  apply  to  more  than  one 
description. 


Column  A  Column  B 

(1)  The  male  is  about  half  the  a.  Red  widow, 
size  of  the  female.                            b.  Brown 

(2)  Red  to  orange  hourglass  recluse, 
marking.  c.  Black  widow. 

(3)  Red   to  ora,  ge   marking  d.  Northern 
unlike  the  hourglass.  widow. 

(4)  Covered     with     minute  e.  Brown 
brown  hairs.  widow. 

(5)  Young  spiders  are  canni- 
balistic. 

(6)  Found  in  palmetto  and 
scrub-pines  of  southern  and 
central  Florida. 

(7)  Smokey  black  instead  of 
shiny. 

(8)  Fiddle-shaped  marking  on 
the  anterior  portion  of  the 
carapace. 

(9)  Found  in  Florida. 


2.  The  female  black  widow  produces  several  sacs  with  an 
average  of  eggs  each. 


3.  How  long  does  it  usually  take  black  widow  eggs  to 
hatch? 


4.  When  do  black  widows  usually  lay  their  eggs  and 
when  do  the  young  reach  maturity? 


5.  List  the  areas  where  black  widows  are  usually  found. 


6    The    normal     food    of    the    black    widow  is 
 ,  and  they  usually  bite  people  only 


if 


7.  What  is  th-*  most  distinguishing  mark  of  the  brown 
recluse  spider? 
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as  many  as  300  young  s[^iclo!s  may  cniciizc  ivom  a  single 
sac. 


Figure  2-3.  Brown  recluse  spider. 


8.  The   female   recluse   usually   produces   more  than 
  egg  sac  with  a  maximum  production  of 


9.  Indoors,  where  is  the  brown  recluse  commonly  found? 


10.  Why  are  brown  recluses  seldom  seem? 


11.  Although  often  found  in  houses,  Jic  natural  habitat  of 
the   brown    recluse    seems  be 


C31.  Identify  proper  control  ra^iasures  for  spJders. 

Controlling  Spiders.  Cultural  coi^tro!  rpf»^hods,  such  as 
eliminating  all  possible  breeding  areaw,  are  of  considerable 
value  in  eliminating  black  widow  and  other  spiders.  Take 
care  to  destroy  the  webs  in  buildings  ar.d  inhabited  areas 
and  to  kill  the  spiders  by  crushing  or  with  insecticides.  You 
should  always  destroy  the  egg  sacs  found  in  the  webs  since 


Indoor  spider  control  may  in\olvc  nolhinu  more  than 
vacuuming  up  the  spiders  and  their  vvcbs  and  egg  sacs. 
Space  treat  nenis  of  1  percent  DDVF,  ().2f>  percent 
synergized  pyreihrins,  or  0,23  percent  Resmeihrin  are  often 
useful  for  clean  outs  and  lor  eliminating  outdoor  species 
found  indoors.  If  spiders  arc  breeding  indoors  or  if  outdoor 
species  arc  migrating  indoors,  you  can  use  residual  sprays 
of  1  percent  Baygon,  1  percent  Diazinon,  0,5  percent 
Dursban,  3  percent  Malathion,  or  2  percent  Sevin,  Spray  all 
areas  v/hcre  you  find  spiders  and  pay  particular  attention  to 
dark  comers.  Two  percent  Dia/.inon  dust  may  be  useful  in 
crawl  spaces  and  attics. 

You  Ml  need  to  conduct  an  outdoor  treatment  to  control 
spiders  which  migrate  inside  or  to  eliminate  spiders  on 
porches,  under  caves,  and  other  areas  outside  the  building. 
Occasionally,  area  treatments  are  necessary  to  eliminate 
heavy  infestations.  The  residual  sprays  listed  above  are  also 
recommended  for  use  outdoors. 

Controlling  black  widows.  You'll  generally  find  the 
black  widow  in  its  irregular-shaped  web  near  the  ground. 
Common  web  sites  are  under  stones,  loose  bark,  in  water 
faucets  or  woodpiles,  rodent  burrows,  garages,  storage 
buildings,  etc.  Most  human  envenoniizations  occur  when 
the  spider  is  inadvertently  trapped  against  pare  of  the  body 
or  when  the  web  is  accidentally  touched. 

Frequent  cleaning  to  remove  spiders  and  their  webs  from 
buildings  and  outdoor  living  areas  by  building  occupants 
will  decrease  the  possibility  of  accidental  bites.  Routinely 
hose-washing  potential  spider  habitats,  such  as  under  steps 
and  around  windows  and  doors,  will  discourage  the  black 
widow  from  living  in  these  places.  When  you  must  work  in 
spider-infested  areas,  wear  gloves  and  a  long-sleeved  shirt. 
If  warranted,  you  may  treat  the  outside  or  inside  of  a 
building  with  an  approved  insecticide,  as  described  above. 
Apply  the  spray  around  windows,  stairs,  closets,  or  other 
spider  habitats,  both  indoors  and  outdoors  according  to 
instructions  on  the  pesticide  label. 

Controlling  brown  recluses.  Within  its  range,  the  brown 
recluse  spider  will  readily  establish  populations  inside  parts 
of  buildings  which  are  generally  dry,  littered,  and 
undisturbed  for  long  periods  of  time.  The  spider  also  can  be 
found  outside  in  protected  areas  (under  rocks  and  loose 
bark).  Members  of  this  species  are  nonaggressive  and 
normally  try  to  escape  whenever  they  are  threatened.  Thus, 
most  instances  of  bites  occur  when  the  spider  is 
inadvertently  trapped,  such  as  when  the  victim  puts  on 
clothing  in  which  the  spider  is  hiding,  steps  on  a  wandering 
spider  at  night,  or  cleans  closets  or  other  storage  areas 
where  the  spider  lives. 

Any  of  the  following  actions  will  help  building  residents 
prevent  contact  with  the  brown  recluse  spider:  shake  out 
clothing  and  bedding  before  use;  eliminate  collections  of 
papers  and  unused  boxes;  thoroughly  clean  beneath  and 
behind  furniture;  remove  spiders,  webs,  and  egg  cases  from 
living  and  storage  areas;  and  properly  use  appropriate 
general  use  insecticides. 


^2 


EKLC 


654 


Exercises  (C31): 

1.  List  areas  where  you  may  typically  find  black  widow 
spiders  and  their  nests. 


2.  What  action  should  building  occupants  periodically 
take  to  control  black  widow  spiders? 


3.  When  applying  residual  pesticides  for  black  widow 
control,  where  should  you  treat? 


4.  List  the  areas  where  you  may  typically  find  the  brown 
recluse. 


5.  What  controls  will  help  protect  occupants  from  contact 
with  brown  recluse  spiders? 


Identify  these  statements  as  being  true  or  false;  correct  any 
false  ones. 

 6.  Cultural  controls  can  be  of  considerable  value 

in  controlling  spiders. 
 7.  Spider  egg  sacs  need  not  be  destroyed  since 

young  spiders  will  not  survive  without  adult 

care. 

 8.  Space  treatments  may  be  used  indoors  or 

outdoors  to  control  spiders. 
 9.  Area  treatments  outdoors  may  occasionally  be 

needed  to  control   large  spider  populations 

around  buildings. 


Many  scorpions  invade  dwellings  in  search  of  food  or 
shelter.  Others  are  normally  found  in  the  locations 
frequented  by  humaiis.  While  most  scorpions  can  cause 
only  painful  stings,  some  species  cause  many  deaths.  The 
medical  importance  of  a  scorpion  is  determined  by  its  habits 
and  venom  potency,  not  by  its  size.  Some  of  the  most 
dangerous  species  seldom  attain  a  length  of  more  than  7.5 
cen  i meters.  In  contrast,  stings  by  scorpions  12  to  15 
cei-.imeters  long  may  produce  only  temporary  local  pain  in 
humans. 

Most  scorpions  of  medical  importance  are  members  of 
genus  Centruroides  in  portions  of  the  Southwestern  United 
States  and  throughout  Mexico;  genus  Tiiyus  in  Central  and 
South  America;  genera  r  *thus  and  Androctonus  in  the 
Middle  East  and  North  Africa,  and  genus  Pcrahuthus  in 
South  Africa.  Dangerous  venomous  species  may  also  occur 
in  other  sparsely  settled  portions  of  Africa  and  Southeast 
Asia  where  no  meaningful  clinical  records  are  kept. 
Centruroides  scidpturatus  is  the  only  dangerously 
poisonous  scorpion  known  to  occur  in  the  United  States;  it's 
found  mainly  in  southern  Arizona  and  parts  of  neighboring 
states. 

Exercises  (C32): 

1.  Place  the  letter  X  in  ihe  provided  space  before  each 
true  statement. 

  (l)There  are  over  300  spec'es  of  scorpions. 

  (2) The  only  poisonous  scorpion  in  the  United 

States  is  found  mainly  in  southern  Arizona 

and  parts  of  neighboring  states. 
  (3)  Some  of  the  most  dangerous  species  of 

scorpions  usually  attain  a  length  of  more  than 

15  centimeters. 
  (4)  Many  scorpions  invade  dwellings  in  search  of 

food  or  shelter. 
  (5)  The  medical  importance  of  a  scorpion  is 

determined  by  its  habits  and  venom  potency, 

not  by  its  size. 


2-6.  Scorpions 

Scorpions  are  most  common  in  the  southern  regions  of 
the  United  States  from  the  Pacific  to  the  Atlant'::.  Most 
scorpions  within  the  United  States  are  categorized  as  pests 
within  buildings  and  outdoor  areas  commonly  used  by 
people.  There  is  only  one  scorpion  of  medical  importance 
within  the  United  States. 

This  section  covers  the  importance,  description,  habits, 
and  habitats  of  scoipions.  You  wil-  also  learn  about  the 
controls  and  first  aid  treatment  for  scorpions. 

C32.  Identify  details  regarding  the  importance  of 
scorpions. 

Importance  of  scorpions.  There  are  4  families  of 
scorpions  with  ovei  300  s:)ecies  distributed  throughout  the 
tropics,  subtropics,  and  temperate  regions  of  the  world. 


C33.  Cite  details  regarding  scorpion  identification  and 
habits. 

Identiflcation,  and  Habits  of  Important  Scorpions. 

Scorpions  belong  to  the  order  Scorpionida  in  the  class 
Arachnida.  They  have  four  pairs  of  legs  and  one  pair  of 
large  claws,  or  pedipalps.  The  body  has  two  divisions — the 
anterior,  unsegmented  cephalothorax  and  the  posterior, 
segmented  abdomen.  The  last  six  abdominal  segments  form 
the  **tail/'  with  the  end  segment  modified  in  the  form  of  a 
hooked  stinger  (fig.  2-4).  The  end  segment,  or  telson,  has 
two  poison  glands.  The  tail  is  carried  arched  over  the  back, 
and  the  stinger  is  inserted  into  a  victim  by  a  quick  forward 
thrust.  The  venom  is  ejected  through  the  needle-sharp, 
hollow  stinger.  Adult  scorpions  vary  in  length  from  less 
than  an  inch  to  3  inches  or  more.  Colors  vary  from  nearly 
black  to  straw-color.  Some  scorpions  are  striped  and  most 
have  smooth  bodies,  though  some  are  hairy. 


33 


EKLC 


655 


2.  The  body  has 


 divisions:  the  anterior, 

celphalothorax,  and  the  posterior 
abdomen. 


3.  The    last    six    abdominal    segments    fonn  the 

 ,  with  the  end  segment  modified  in  the 

form  of  a  hooked 


4.  The  poisonous  scorpion  occurring  within  the  United 

States  is   in 

color. 


5.  Scorpions  are 


seldom  seen  during  the  day. 


and  are 


Figure  2-4.  A  scorpion. 


Poisonous  scorpions  in  the  United  States  are  2-3  inches 
long  and  straw  yellow  in  color.  The  length  is  5  to  8 
centimeters  and  the  width  of  the  cephalothorax  is  about  6 
millimeters.  The  tail  is  about  1.5  millimeters  in  diameter 
and  bears  a  subaculear  tooth  at  the  base  of  the  stinger.  The 
pedipalps  are  long  and  slender. 

Scorpions  do  not  lay  eggs,  but  give  birth  to  living  young. 
The  young  are  carried  for  some  time  on  the  back  of  the 
female.  Scorpions  are  nocturnal  and  are  seldom  seen  during 
the  day  unless  they  are  disturbed  in  their  hiding  places.  The 
most  common  poisonous  species  in  the  United  States, 
Centruroides  sculpturatus,  is  frequently  found  under  loose 
bark  of  various  trees,  particularly  eucalyptus  and 
Cottonwood,  or  under  old  logs  and  rocks.  They  are  found 
occasionally  on  outside  walls,  particularly  on  buildings 
where  a  large  amount  of  water  is  present,  such  as 
washhouses.  They  are  also  frequently  found  under  wet 
rags,  in  folds  of  newspaper  and  magazines,  and 
occasionally  on  clothing  taken  from  a  clothes  basket. 
Indoors,  scorpions  are  found  in  areas  where  insects  are 
plentiful,  such  as  under  the  house,  in  ;ttics,  or  in  hollow 
walls.  In  some  buildings,  scorpions  may  be  found  more  or 
less  routinely,  which  indicates  that  they  are  breeding  in  the 
area.  However,  if  they  only  appear  once  or  twice  a  year 
they  are  probably  being  brought  into  the  house  in  packages 
of  vegetables,  boxes,  and  firewood. 


Exercises  (C33): 

1 .  Scorpions  have 
legs  and 


pedipalps. 


  pairs  of 

pair  of  large  claws  or 


Scorpions  are  found  occasionally  on  outside  walls, 
particularly  on  buildings  where  a  leirge  amount  of 
 is  present. 


Indoors,  scorpions  are  found  in  areas  where  insects  are 
plentiful,  such  as  under  the  ,  in 


or 


m 


hollow 


C34.  State  control  measures  for  scorpions. 

Controlling  Scorpions.  Avoidance  is  the  best  control 
method  for  scorpions,  and  this  includes: 

•  Picking  up  objects  carefully  so  as  not  to  be  stung  by 
the  scorpions  which  may  hide  beneath  them. 

•  Emptying  shoes  and  slippers  vigorously  before  putting 
them  on. 

•  Not  walking  around  barefooted  after  dark. 

•  Shaking  out  clothing. 

Home  occupants  shouldn't  dump  clothing  on  the  floor 
but  should  carefully  hang  them  preferably  away  from  the 
wall.  Folded  bedding  may  also  serve  as  hiding  places  for 
scorpions.  Beds  in  heavily  infested  areas  should  be  kept 
away  from  the  walls;  and  in  some  cases  it  may  be  necessary 
to  place  the  legs  of  the  bed  in  clean,  widemouthed  glass 
jars.  These  jars  should  not  have  water  in  them ,  as  this  might 
lead  to  mosquito  breeding. 

General  cleanup  of  trash  piles  by  building  occupants,  will 
help  control  scorpions  by  cutting  down  on  their  hiding 
places.  Remember  that  insects  are  the  principal  food  for 
scorpions,  and  that  killing  such  insects,  particularly  those 
that  live  on  the  ground,  will  be  of  benefit.  Scorpions  can  go 
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into  hiding  for  2  or  3  months  after  a  period  of  abundant 
food,  and  can  live  as  long  as  6  months  without  food  or 
water.  Many  species  require  from  3  to  5  years  to  reach 
maturity;  thus,  hunting  out  and  destroying  these  animals  on 
a  regular  basis  will  cut  down  on  their  numbers  enormously. 

Trapping  scorpions  can  be  done  in  heavily  infested  areas 
by  dampening  a  burlap  sack  or  other  piece  of  heavy,  coarse 
cloth  and  spreading  it  on  the  ground  in  the  evening. 
Scorpions  will  crawl  under  it  during  the  night  and  can  then 
be  easily  destroyed  the  next  morning. 

Many  attempts  have  been  made  to  control  scorpions  by 
using  fogs,  mists,  and  aerosols.  Generally  speaking,  these 
methods  are  of  very  little  value  because  of  the  scorpion's 
habit  of  hiding  in  cracks  and  crevices  which  are  seldom 
reached  by  such  treatments.  Residual  spraying  or  dusting  of 
breeding  areas  with  Diazinon  or  Propoxur  gives  good 
control. 


Exercises  (C35): 

1.  What  should  you  do  for  a  victim  stung  by  a  poisonous 
scorpion? 


2.  A  piece  of 


should 


be  placed  directly  on  the  site  of  the  sting. 


3.  The  ligature  must  be  loosened  cvcr>' 
 minutes. 


to 


Exercises  (C34): 
1.  The       principal       food       for      scorpions  is 


4.  What  is  available  for  the  poisonous  U.S.  and  Mexican 
species  of  scorpions? 


How  long  can  scorpions  go  into  hiding  after  a  period  of 
abundant  food? 


5.  Even  if  first  aid  has  been  rendered  what  should  you  do 
for  victims  stung  by  poisonous  species  of  scorpions? 


3.  How  does  general  cleanup  of  trash  piles  by  building 
occupants  help  control  scorpions? 


4.  How  can  trapping  scorpions  be  carried  out  in  heavily 
infested  areas? 


5.  What  two  pesticides  are  used  to  control  scorpions? 


C35.  Specify  first  aid  procedures  for  scorpion  stings. 

First  Aid  for  Scorpion  Stings.  Follow  the  procedures 
below  for  a  victim  stung  by  a  poisonous  scorpion: 

(1)  Inuncdiately  after  the  sting,  place  a  ligature  (a 
tourniquet)  between  the  sting  and  the  body.  Tie  it  as  near  to 
the  sting  as  possible  to  prevent  rapid  absorption  of  the 
venom.  A  shoelace  or  something  equally  slender  makes  a 
good  ligature,  but  a  handkerchief  is  poor.  Loosen  the 
ligature  briefly  every  3  to  5  minutes. 

(2)  Put  an  ice  pack  directly  on  the  site  of  this  sting  and 
have  the  victim  hold  it  there. 

(3)  Antivenins  are  available  for  poisonous  U.S.  and 
Mexican  species  and  some  others;  thus,  professional 
medical  assistance  must  be  obtained  as  soon  as  possible. 


2-7.  Other  Venomous  Arthropods 

Tl.:s  section  identifies  venomous  arthropods  of  less 
medical  importance  than  those  already  covered  in  this 
chapter.  They  are  less  significant  because  they  do  not  attack 
often  and  are  not  very  toxic  to  humans.  The  arthropods 
covered  here  are  centipedes,  millipedes,  conenoses> 
caterpillars,  and  moths.  You  will  also  learn  about  control 
measures  for  them . 

Centipedes  belong  to  the  class  Chilonoda.  Millipedes 
belong  to  the  class  Diplopoda.  Both  ir.c  found  mostly  in  the 
tropical,  subtropical,  and  warm-temperature  regions  of  the 
world.  They  are  all  predaceous,  and  have  well-developed 
poison  glands  for  killing  their  prey. 

Conenoses,  also  known  as  assassin  bugs,  belong  to  the 
class  Hexapoda,  order  Hemiptera,  and  the  family 
Reduviidae.  They  are  carnivorous  insects  and  are  generally 
predaceous  to  other  insects  and  to  arachnids. 

Caterpillars  are  the  larvae  of  moths  and  butterflies,  and 
are  in  the  order  Lepidoptera.  In  the  United  States,  there  aro 
10  families  with  species  troublesome  to  humans.  There  are 
many  more  irritating  species  scattered  widely  throughout 
the  world.  Our  discussion  will  begin  with  centipedes. 

C36.  Differentiate  between  identifying  characteristics 
and  toxic  effects  of  venomous  arthropods. 

Centipedes.  Centipedes  are  flattened  dorsoventrally. 
The  body  is  made  up  of  a  distinct  head  and  15  to  170  or 
more  similar  segments.  Each  segment  has  one  pair  of 
tracheal  openings  and  one  pair  of  strong  mandibles,  and  two 
pairs  of  maxillae.  Individuals  of  some  species  attain  a 
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length  of  25  centimeters  or  more.  Adults  ot  several  species 
have  shining  greenish  or  blackish  bodies,  and  orange  or  red 
legs  and  heads.  Some  are  yellowish  with  dull  red, 
longitudinal  bands.  Some  centipedes  are  markedly 
phosphorescent.  Sexes  of  centipedes  are  distinct,  and  the 
females  either  lay  eggs  or  give  birth  to  live  young.  The 
young  resemble  the  adults,  having  about  the  same  number 
of  segments. 

Centipedes  differ  from  millipedes  (class  Diplopoda), 
which  have  two  pairs  of  legs  on  each  body  segment,  a 
nearly  rounded  rather  than  flattened  body,  and  which  feed 
principally  on  decaying  vegetation.  Centipedes  hide  by  day 
under  stones,  rubbish,  leaves,  logs,  and  in  other  dark  areas. 
They  feed  by  night  on  earthworms,  insects,  mice,  or 
lizards,  depending  on  their  size.  Tliey  kill  or  paralyze  their 
prey  quickly  with  venom  and  chew  it  for  ingestion  with 
their  mandibles.  The  common,  long-legged  house 
centipede  (Scutigera  forceps)  is  usually  regarded  as  quite 
beneficial  because  it  feeds  on  household  insects. 

Importance.  Most  centipedes  are  harmless,  since  only  a 
small  number  have  fangs  strong  enough  to  penetrate  human 
skin.  They  bite  large  animals  only  in  self-defense.  The 
secretion  injected  is  primarily  a  digestive  enzyme, 
containing  only  a  small  proportion  of  venom.  The  amount 
of  this  material  introduced  depends  somewhat  on  the  size  of 
the  centipede  and  on  the  time  elapsed  since  the  fangs  were 
last  used.  The  small,  fast-running,  house  centipede 
(Scutigera  cleoptrata)  has  been  known  to  pierce  the  skin 
and  cause  pain.  The  larger  house  centipede  (Scutigera 
forceps)  can  bite  and  cause  intense  local  pain.  Other 
centipedes  can  also  inflict  very  painful  bites.  The  25- 
centimeter  Scolopendra  gigantea  of  the  tropics  is 
considered  very  poisonous,  its  bite  sometimes  requiring 
hospitalization  of  victims. 

Effects  and  first  aid.  Centipede  bites  may  cause  local 
pain,  erythema  (abnormal  redness),  hardening  of  the  skin, 
formation  of  papules,  rash,  swelling,  purple  patches,  and 
swollen  axillary  glands,  but  such  symptoms  usually  subside 
within  24  hours  if  the  wound  is  uninf^  ted.  No  deaths  have 
beeii  recorded  from  the  bites.  Treatment  usually  consists  of 
locally  applied  agents,  such  as  weak  ammonia,  compresses 
of  sodium  bicarbonate,  or  epsom  salts  to  relieve  pain. 

Millipedes.  Millipedes  are  more  cylindrical  than  flat. 
The  body  is  made  up  of  a  distinct  head  and  a  trunk  that 
consists  of  several  segments.  Each  trunk  segment  has  two 
pairs  of  jointed  walking  legs  which  lack  poison  claws.  The 
head  has  a  pair  of  short  antennae,  a  pair  of  mandibles,  and 
two  pairs  of  maxillae. 

Millepedes  range  in  size  from  less  than  2.5  millimeters  to 
16  centimeters.  They  are  slow  moving  despite  numerous 
legs,  and  are  nocturnal,  secretive,  vegetarian,  and 
terrestrial.  They  lay  eggs,  and  the  young  resemble  the 
adults  but  have  fewer  abdominal  segments  and  only  three 
pairs  of  walking  legs. 

Importance.  Millipedes  may  be  accidental  parasites  of 
humans,  inhabiting  the  intestinal  and  urinary  tracts.  Some 
produce  offensive  fluids  from  paired  glands  located  in  the 
abdomen.  These  fluids  have  sometimes  produced  a 
dermatitis  in  humans. 

First  aid.  Victims  contaminated  with  the  fluid  excreted 
by  millipedes  should  deluge  the  contaminated  area  with 


soap  and  water  immediately.  This  will  remove  the  fluid  and 
should  be  all  that's  needed. 

Conenoses  (Assassin  Bugs).  Conenoses  have  a  cone- 
shaped  head,  with  a  three-jointed  proboscis  that  is  carried  in 
a  folded  position  close  to  the  body  (fig.  2-5).  When 
disturbed,  it  projects  the  proboscis  forward  in  a  manner 
similar  to  a  spring  that  has  been  bent  over  and  has  had  one 
end  released.  Conenoses  range  in  size  from  12  to  25 
millimeters  and  are  basically  brown  in  color.  Some  have 
wide  white  to  yellow  spots  on  each  side  of  the  abdomen. 
The  wings  are  about  as  long  as  the  abdomen  and  are  folded 
one  on  top  of  the  other. 

These  insects  are  attracted  to  lights  at  night  and  will 
commonly  enter  buildings.  They  are  blood-sucking  insects 
that  usually  feed  upon  other  insects  although  they  will 
readily  feed  on  mammals,  including  humans.  Some  specico 
have  been  so  persistent  in  human  bedding  that  they  are 
commonly  known  as  Mexican  bedbugs.  Conenoses  can 
produce  a  very  severe  reaction  through  their  bites  to  humans 
even  though  the  bite  might  not  be  felt  as  it  is  occurring. 

Conenoses  lay  their  eggs  on  plants  in  outdoor  areas,  but, 
inside,  they  lay  the  eggs  in  dark  and  dusty  cracks,  crevices, 
and  comers.  The  eggs  hatch  into  nymphs  which  pass 
through  eight  nymphal  instars  before  they  reach  the  adult 
stage. 

Importance*  For  the  most  part,  conen6ses  are  beneficial 
to  humans  in  that  they  attack  other  insects  and  are  known  to 
be  predaceous  upon  bedbugs.  However,  they  are  also 
known  to  be  vectors  of  Chagas'  disease,  and  they  produce  a 
very  strong  hemolytic-neurotoxin  venom.  Their  bites  may 
not  even  be  recognized  (because  of  the  anesthetizing  effect) 
until  the  insects  have  completed  their  feeding,  which  might 
last  anywhere  from  3  to  7  minutes. 


Figure  2-5.  A  cone  nose  (Triatoma  spp.). 
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Effects  and  first  aid.  There  ni;iy  be  no  reaction  to  the  bite 
of  a  concnosc  by  some  individuals,  but  to  others,  the 
reaction  might  be  severe  with  the  effects  of  the  venom 
lasting  for  several  months.  The  venom  produced  by 
conenoses  is  hemolytic  and  neurotoxic.  You  should  treat 
the  bite  area  with  iodine  to  prevent  secondary  infection. 
Place  a  paste  of  bicarbonate  of  soda  and  water  over  the  bite 
area  along  with  an  Ice  pack  to  locaHze  the  venom  and  to 
give  teir^orary  relief  until  you  can  get  professional  medical 
assistance. 

Caterpillars  and  Moths.  The  larvae  of  some  moths  and 
butterflies  have  large  spines  which,  while  harmless,  create 
the  false  impression  that  the  caterpillars  arc  dangerous.  On 
the  other  hand,  most  of  the  caterpillars  with  urticating  or 
nettling  hairs  appear  harmless.  Some  are  actually  attractive, 
being  strikingly  colored.  Lepidoptera  exhibit  complete 
metamorphosis.  The  caterpillars  hatch  from  eggs,  and, 
upon  maturity,  transform  to  pupae.  Most  species  of  moths 
spin  cocoons  where  they  pupate.  After  pupation,  the 
sexually  mature  adult  emerges.  Most  adults  are  capable  of 
flight,  but  some  females  are  wingless. 

While  the  medical  importance  is  due  mainly  to  urticating 
hairs,  some  caterpillars,  such  as  the  larvae  of  the  cabbage 
butterfly  (Pieris  hrassicae),  have  poisonous 
body  fluids  which  produce  intestinal  inflammation  and 
death  in  cattle  which  may  eat  the  caterpillars  with  their 
food.  One  caterpillar,  the  mealworm  (Asopia  farinalis),  can 
act  as  the  intermediate  host  of  the  rat  tapeworm 
(Hymenolepis  diminuta)  which  occasionally  infests 
humans.  Ophthalmia  nodosa  is  a  disease  of  the  conjunctiva, 
cornea,  or  iris  of  the  eye  caused  by  nettling  hairs.  In  a  few 
cases,  the  adult  Lepidoptera  have  nettling  hairs;  but  in  some 
of  these  rases,  these  are  larval  hairs  adhering  to  the  adult. 
Symptoms  produced  by  the  urticating  hairs  differ  with  the 
species  of  moths  and  with  the  individual  reaction 
differences  of  the  victims.  Cases  of  caterpillar  rash  are 
more  widespread  tlian  peonle  commonly  think,  and  can  be 
easily  misdiagnosed  in  areas  where  they  aren't  common. 
The  venom  of  caterpillars  is  produced  in  glands  located  at 
the  bases  of  hairs,  sometimes  outside  the  body  surface. 
These  may  occur  singly  or  in  clusters  of  tubercles  on  the 
body  of  the  insect.  ^Vhen  a  victim  contacts  the  spines,  the 
venom  may  emerge  through  an  opening  at  the  tip  of  the 
spine;  or  a  portion  of  the  hair  or  spine  may  break  off  in  llie 
wound,  thus  releasing  the  venom.  The  more  important 
venomous  Lepidoptera  are  described  below. 

Puss  caterpillar.  The  puss  caterpillar  is  about  1  inch  long 
when  full  grown.  It  has  a  thick,  fleshy  body  completely 
covered  and  hidden  by  long  silken  hairs  of  a  tawny-to- 
grayish  greyish  color  (fig.  2-6).  The  upper  side  appears  to 
have  a  convex  form.  Under  the  long  hairs  are  numerous 
short  spines  in  rows  on  tuberculate  ridges  and  connected 
with  underlying  hypodcrmal  poison  glands.  This  species  is 
quite  common  in  the  Southern  States,  and  at  times  becomes 
very  abundant.  At  such  times  a  great  many  cases  of  stinging 
have  received  medical  attention.  Schools  have  been  closed 
in  soir :  areas  until  the  caterpillar  was  brought  under 
contro*  The  severity  of  the  symptoms  depends  largely  upon 
indiviu^  reactions.  The  initial  reaction  is  usually  an 
intense,  burring  pain  immediately  after  contact.  This  is 


followed  by  raised  [lapiilcs  and  reddening,  then  hy 
generalized  swelling  and  iiunihncss.  which  may  be 
accompanied  by  nausea  and  vomiting.  Stingv  on  the  wrist 
have  resulted  in  swelling  of  the  entire  arm  to  ahoirt  double 
size,  Fever  and  symptoms  of  nervous  disorder  are  not 
uncommon  in  children. 

Brown-tail  moth.  The  brown-tail  moth  larva  is  about  3.8 
centimeters  long.  The  head  is  light  brown;  the  body  is  dark 
brown  to  almost  black  with  a  broken  white  line  on  cither 
side  and  two  conspicuous  reddish  spots  on  the  back  near  the 
posterior  end.  Numerous  tubercles  with  long,  barbed  hairs 
and  with  short,  hrown  hairs  between  arc  located  on  the  back 
and  sides  of  the  b  dy.  This  insect  is  a  serious  pest  of  fruit 
and  shade  trees  in  the  Northeastern  States.  The  larvae  are 
the  most  notorious  of  our  poisonous  caterpillars.  Short, 
barbed  hairs  are  easily  lost  by  the  caterpillar.  Further,  the 
cocoons  and  even  adult  moths  harbor  these  hairs  which  are 
easily  carried  by  wind  currents.  On  striking  the  skin,  these 
hairs  cause  intense  itching  on  exposed  parts  of  the  victim's 
body.  They  adhere  to  clothes  drying  on  the  line;  then  they 
cause  severe  dermatitis  when  the  clothing  is  worn. 
Ingestion  of  these  hairs  by  swallowing  or  inhaling  can  cause 
serious  internal  disturbances  and  injury.  Nodular 
conjuctivitis  is  caused  by  hairs  that  get  into  eyes. 

White-marked  tussock  moth.  This  moth  has  a  larva 
which  is  considered  one  of  our  most  beautiful  caterpillars. 
The  head  and  the  glands  of  the  sixth  and  seventh  abdominal 
segments  arc  a  bright  vermillion.  A  band  on  the  back  is 
velvety  black,  bordered  with  yellow,  subdorsal  stripes. 
There  is  another  yellow  band  on  each  side  just  below  the 
spiracles.  On  each  side  of  the  prothorax  there  is  a  slender 
tuft  of  long,  black  hairs  with  plumelike  tips.  A  similar  brush 
is  located  on  the  back  of  the  eighth  abdominal  segment.  The 
first  four  abdominal  segments  have  dense,  brushlike  tufts  of 
cream  colored  or  white  hairs.  This  moth  is  a  general  feeder 
on  foilage  of  deciduous  trees  and  shrubs,  and  is  often  a 
serious  pest  of  shade  and  fruit  trees.  It  is  found  from 
Colorado  to  the  Eastern  States.  The  short  barbed  hairs  can 
cause  considerable  skin  irritation.  The  nettling  hairs  are 
found  on  all  stages  of  the  larvae.  They  are  scattered  over  the 
body  in  the  first  two  instars,  while  they  are  localized  in  the 
white  dorsal  tussocks  of  the  first  four  abdominal  segments 
in  the  later  stages.  The  hairs  are  interwoven  in  the  cocoons 
at  the  time  of  pupation. 

lO  Moth.  This  moth  is  widely  distributed  throughout  the 
Eastern  and  Central  States.  The  larva  is  probably  the  most 
generally  known  of  the  nettling  caterpillars  in  the  United 
States.  It  feeds  on  a  wide  variety  of  food  plants,  including 
willow  and  even  com.  The  full-grown  larva  is  about  6.4 
centimeters  long.  It  is  pale  green  with  sublateral  stripes  of 
red  and  cream  (fig.  2-7).  N'lmerous  green  spines,  with  a 
fc  AT  black  ones  among  them,  radiate  from  tubercles  on  the 
body  creating  a  mossy  appearance.  Some  of  the  long  spines 
have  hairs,  but  the  poison  spines  have  peglike  tips  and  are 
connected  with  very  large  venom  glands.  These  spines  do 
not  normally  break  off  and  drift  with  the  wind  as  do  the 
spines  of  some  caterpillars.  Only  che  tip  breaks  in  the 
wound.  Direct  contact  with  the  larva  and  its  nettling  spines 
is  normally  required  to  produce  the  intense  itching  caused 
by  the  venom. 
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Figure  2--6.  Puss  caterpillar  (Megalopyge  opercularis). 


Saddle-back  caterpillar.  This  caterpillar  is  found 
throughout  the  Central,  Eastern,  and  Southern  States  where 
it  feeds  on  a  wide  variety  of  forest  and  fruit  trees. 
However,  it  is  not  normally  numerous  in  any  location.  It 
has  a  purplish-brown  spot  surrounded  by  a  large  green  patch 
on  the  back  giving  the  appearance  of  a  dark  saddle  on  a 
green  saddle  blanket  (fig.  2-8).  It  has  tufts  of  bristling  stout 
spines  with  acutely  pointed  tips.  The  spines  are  connected 
with  poison  glands.  The  spine  tips  break  off  in  the  skin;  and 
the  venom  is  forced  into  the  wound.  The  poison  affects 
some  people  severely,  causing  extreme  pain. 

Exercises  (C36): 

1.  Match  the  arthropods  listed  in  column  B  to  their 
appropriate  description  in  column  A.  Column  B  items 
may  be  used  more  than  once. 


Column  A 

(1)  Generally  feeds  on  foli- 
age of  deciduous  trees. 

(2)  Purplish-brown  spot  sur- 
rounded by  large  green 
patch. 

(3)  Carnivorous  insect  and  is 
generally  predaceous  to 
other  insects. 

(4)  More  cylindrical  than  flat. 

(5)  Flattened  dorsoventrally. 

(6)  Poison  spines  have  peg- 
like tips  connected  with 
very  large  venom  gland. 

(7)  Spines  arc  connected  to 
poison  gland. 

(8)  Youths  resemble  adults. 

(9)  Has  cone-shaped  head 
with  three-jointed  pro- 
boscis that  is  carried  in  a 
folded  position  close  to 
the  body. 

( 10)  Two  pairs  of  legs  on  each 
body  segment. 

(11)  Serious  pest  of  fruit  and 
shade  trees  in  the 
Northeastern  States. 


Column  B 

Centipede. 
Millipede. 
Conenose. 
Puss  caterpil- 
lar. 

Brown-tail 
n:oth. 

White-marked 
tussock. 
lO  moth. 
Saddle-back 
caterpillar. 


Figure  2-7.  lO  Moth  caterpillar  (Automeris  to). 


CohimnA  Column  B 

(12)  Under  long  hairs  are 
numerous  short  spines 
connected  to  underlying 
hypodermal  glands. 

(13)  Pale  green  with  sublateral 
strips  of  red  and  cream. 

(14)  The  head  is  light  brown; 
the  body  is  brown  to 
almost  black. 

(15)  Head  and  glands  of  the 
sixth  and  seventh  abdomi- 
nal segment  are  bright 
Vermillion. 

(16)  Thick,  fleshy  body  com- 
pletely covered  and  hid- 
den by  long  hairs  of 
tawny-to-grayish  color. 


C37.  Identify  control  measures  for  miscellaneous 
venomous  arthropods. 

Controlling  Miscellaneous  Venomous  Arthropods. 

This  lesson  outlines  measures  you  can  use  to  control 
centipedes,  millipedes,  conenoses,  and  venomous 
caterpillars  and  moths. 

Controlling  centipedes  and  millipedes.  About  the  only 
preventive  measures  recommended  for  avoiding  these 
insects'  bites  are  proper  screening  to  keep  them  out  of 
buildings  and  caution  while  disposing  of  them.  Troops  on 
duty  in  areas  where  large  centipedes  are  prevalent  should  be 
advised  not  to  touch  them  or  attempt  to  catch  them. 
Fortunately,  large  centipedes  are  seldom,  if  ever,  so 
numerous  as  to  necessitate  special  control  measures. 
Properly  fitting  doors  and  good  screening  should  keep 
centipedes  and  millipedes  out  of  living  quarters.  Troops  in 


Figure  2-8.  Saddleback  caterpillar  (sibine  stimulea). 
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the  field  should  use  caution  in  putting  on  boots  and  other 
clothing  which  may  have  been  on  the  ground  overnight. 
Presence  of  centipedes  arid  millipedes  in  tents  in  tropical 
areas  is  a  good  reason  for  sleeping  in  a  properly  ** tucked- 
in"  bed  net.  Contact  sprays  will  kill  centipedes  and 
millipedes.  Residual  sprays  are  noderately  effective. 

Controlling  conenoses.  Since  conenoses  fly  readily  and 
are  attracted  to  lights,  it  is  imperative  that  buildings  are 
properly  screened.  Doors  and  windows  should  fit  snugly  in 
their  frames. 

If  a  conenose  happens  to  get  on  you  and  you  are  aware  of 
it,  brush  it  off  gently  and  swiftly  to  prevent  being  bitten. 

Where  conenoses  are  abundant,  you  can  apply  residuals 
around  doorways,  window  frames,  and  around  lighting.  Be 
sure  to  use  an  insecticide  recommended  for  this  type  of 
treatment  and  apply  it  according  to  label  instructions. 

Controlling  caierpMars  and  moths.  Control  measures 
for  these  venomous  arthropods  are  the  same  as  those  used  to 
control  ornamental  and  turf  pests  which  were  discussed  in 
Volume  5.  When  you  use  chemical  control  measures  for 
those  caterpillars  that  easily  shed  their  nettling  spines,  you 
should  try  to  kill  them  in  the  shortest  possible  time.  Slowly 
dying  caterpillars  move  contortedly  and  will  shed  many 
hairs  and  spines  before  they  die. 


Exercises  (C37): 

1.  Proper    screening    is  an 
infestations  of  what  pests? 


effective    deterrent  to 


2.  Which  pest  seldom  requires  special  control  measures 
since  they  are  rarely  numerous. 


3.  Where  should  residual  insecticides  be  applied  to 
control  conenoses? 


4.  Caterpillar  and  moth  controls  are  the  same  as  for  what 
other  pests? 


5.  For  caterpillars  that  easily  shed  their  nettling  spines, 
why  should  you  try  to  kill  them  in  the  shortest  possible 
time? 


2-8.  Snakes 

In  this  section,  you  will  learn  about  the  identifying 
characteristics  of  poisonous  snakes  within  the  United 
States.  This  section  will  also  give  you  information  about 
snake  habits,  habitats,  and  bite  symptoms,  as  well  as  the 
first  aid  treatment  for  snakebites. 


C38.  Identify  general  facts  regarding  snakes. 

Facts  About  Snakes.  Snakes  are  important  in 
maintaining  the  balance  of  nature.  They  control  destructive 
animals,  such  as  field  mice  and  other  rodents.  They  have 
aesthetic  value  or  beauty  in  themselves,  just  as  birds  do, 
and  they  are  a  very  interesting  group.  Many  have 
commercial  value,  the  skins  of  which  are  used  in  making 
leather  goods. 

Snakes  belonging  to  the  families  Crotalidac  and  Elapidac 
are  poisonous;  however,  fatalities  resulting  from  snake  bites 
in  the  Unites  States  have  never  been  high,  considering  the 
size  of  the  country  and  its  large  population. 

Fear  of  snakes  is  due  to  a  lack  of  knowledge  concerning 
the  identification  of  poisonous  snakes  and  some  of  the 
fallacies  (not  facts)  that  have  been  passed  down  through 
generations.  The  following  are  some  of  the  common 
fallacies  and  facts  about  snakes: 

a.  Snakes  are  slimy.  This  is  not  true.  Snakes  are  actually 
cleaner  than  we  arc.  They  have  hard,  glossy  shields  and 
scales  covering  their  bodies.  For  this  reason,  they  appear 
slimy. 

b.  The  forked  tongue  of  some  snakes  is  poisonous.  No, 
the  tongue  is  a  harmless  organ  which  is  not  poisonous  (in 
even  the  poisonous  species)  and  is  a  highly  sensitive  organ 
of  taste  and  smell.  It  also  detects  vibrations. 

c.  The  tails  of  some  snakes  sting  or  have  poisonous 
properties.  Some  snakes  such  as  the  "horn  snake"  (the 
correct  name  of  which  is  the  mud  snake)  have  hard,  scaley, 
and  pointed  tails  which  they  will  deliberately  press  against 
your  hand  when  you  restrain  them  but  their  tails  arc  not 
poisonous. 

d.  Some  kinds  oi"  snakes  commonly  attack  people.  There 
have  been  two  recorded  instances  of  snakes  having  made 
unprovoked,  offensive  movements  toward  people.  One  was 
a  black  snake  with  her  young  and  the  other  was  an  eastern 
diamondback  rattlesnake  with  her  young.  Both  snakes  were 
in  an  enclosed  area.  Snakes  arc  also  prone  to  bite  if  they  are 
disturbed  when  shedding  skin  and  during  the  breeding 
period. 

€.  The  glass  snake  is  a  snake.  It  is  not  a  snake  but  a  lizard 
with  a  tail  twice  as  long  as  its  body.  The  tail  will  grow  back 
if  it's  broken  off. 

/.  Snakes  can  charm  birds.  No,  the  bird  is  cither  frozen 
with  fear  or  it's  pretending  it  is  hurt  to  draw  the  snake  away 
from  its  young. 

g.  A  snake  will  not  cross  a  horsehair  rope.  A  horsehair 
rope  does  not  stop  a  snake. 

/i.  Snakes  take  milk  from  a  cow.  Snakes  will  drink  milk 
from  a  saucer  but  not  from  the  cow. 

I.  The  hoop  snake  will  chase  a  person  by  holding  its  tail 
in  its  mouth  and  rolling  over  and  over.  This  fallacy  is  also 
commonly  attached  to  mud  snakes  and  is  physically 
impossible.  Snakes  have  a  backbone  just  as  people  do. 

j.  The  spreading  adder  or  blow  snake  (correctly  called 
the  hog-nosed  snake)  exhales  a  poisonous  vapor  when 
approached  or  offended.  These  snakes  do  inflate  their  lungs 
and  hiss  loudly  when  disturbed,  but  there  is  no  poisonous 
vapor  emitted.  These  snakes  are  so  harmless  that  if  the 
hissing  sounds  and  flattened  head  do  not  succeed  in  scaring 
the  attacker,  the  snake  will  roll  over  on  its  back,  open  its 
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mouth  wide,  and  play  dead.  It  is  also  very  hard  to  enrage  or 
excite  this  snake  enough  to  make  it  bite. 

k.  Snakes  can*t  bite  under  water.  Water  moccasins  eat 
fi&h,  so  how  do  they  catch  them?  They  bite  them  and  inject 
poison. 

Exercises  (C38): 

Identify  each  statement  as  true  or  false.  Correct  any  false 
statennents. 

  1 .  Snakes  help  in  maintaining  the  balance  of  nature. 


2.  Poisonous  snakes  belong  to  the  families  Crotalidae 
and  Elapid:'". 


3.  Fatalities  from  snakebites  in  the  United  States  are 
relatively  high. 


4.  Snakes  are  not  slimy. 


S.  Snakes  can't  bite  under  water. 


6.  The  spreading  adder  exhales  a  poisonous  vapor. 


7.  People  fear  snakes  because  snakes  often  will 
deliberately  make  unprovoked  offensive  attacks  on 
man. 


C39.  Identify  characteristics  of  snakes  in  the  family 
Cr<9talidae. 

Family  Crotalidae.  The  poisonous  snakes  of  th^  United 
States  belong  to  two  families:  Crotalidae  and  Elapidae.  The 
family  Crotalidae,  (long-fanged  pit  vipers)  includes  the 
buslmiaster  and  fer-de-lance  of  South  Anierica  and  the 
copperhead,  water  moccasin,  and  rattlesnake  in  North 
America.  Pit  vipers  strike  their  prey  from  a  lateral  loop  and 
inject  a  large  amount  of  toxic  venom,  which  almost 
immediately  overwhelms  the  victim.  When  the  prey  dies, 
or  is  almost  dead,  the  snake  swallows  it.  Refer  to  foldout  1 
in  the  back  of  this  volume  as  you  study  the  physical 
characteristics  of  snakes  in  this  and  the  following  lesson. 

Pit  vipers  are  so  luuned  because  of  the  facial  pit  between 
the  eye  and  nostril  on  either  side  of  the  head.  This  pit  is 
lined  with  a  delicate  epidermis  and  connects  with  a  well- 


developed  nerve  which  extends  to  the  brain.  Because  of  the 
presence  of  this  nerve,  it  is  believed  that  the  pit  is  sensory  in 
nature,  being  receptive  to  heal  waves  and  thus  directing  the 
strike.  The  pupil  of  the  eye  is  vertically  elliptical,  and  the 
head  is  flat  and  triangular  shaped,  having  poison  glands  and 
retractable  fangs  rigidly  attached  at  their  base  to  movable 
maxillary  bones. 

Waier  moccasin.  This  is  a  stout  and  heavy-bodied  snake 
with  an  abruptly  tapering  tail  and  a  chunky,  ugly  head.  The 
average  lenf  th  is  3  to  4  feet,  but  some  specimens  have  been 
found  which  were  5  feet  long.  The  body  color  is  dark  brown 
or  olive  with  10  to  IS  wide,  black,  transverse  blotches 
(barely  showing,  or  not  at  all,  on  the  back  of  old  snakes), 
more  sheuply  defmed  on  the  sides  of  the  body  than  on  the 
back.  The  upper  and  lower  lip  plates  are  yellow  and  the 
inside  of  the  mouth  is  white;  hence,  they  are  commonly 
called  gappers  or  cottonmouths  (but  you  should  never  get 
so  close  as  to  be  able  to  identify  it  on  this  basis).  The 
abdomen  is  yellow  and  is  blotched  with  dark  brown  or 
black.  The  young  resemble  copperheads  because  they  have 
a  pinkish  or  reddish  brown  coloration  on  the  body  with  a 
coppery-looking  head.  There  is  a  broad,  dark  band  through 
the  eye. 

Distribution.  Moccasins  are  found  from  the  swamps  of 
Virginia  through  Borida,  along  the  Gulf  States  to  East 
Texas.  The  range  northward  extends  through  eastern 
Oklahoma,  Arkansas,  Mississippi,  southern  Illinois, 
Indiana,  and  Tennessee. 

Habitat.  They  are  semiaquatic,  found  along  sluggish 
streams,  bayous,  lagoons,  and  swamps  and  other  bodies  of 
water  with  thick,  marginal  vegetation. 

Food.  They  feed  on  frogs,  fish,  other  snakes,  birds,  small 
mammals,  lizards,  small  turtles,  baby  alligators,  and 
salamanders. 

Breeding.  This  usually  takes  place  in  March,  and  7  to  12 
young  are  bom  alive  in  August  or  September.  The  pit  vipers 
all  produce  living  young  (viviparous).  The  young  are  more 
brillantly  marked  than  the  adults  and,  as  we  have 
mentioned,  are  frequently  confused  with  copperheads. 

Habits.  Moccasins  are  sluggish  and  irritable  in  the  wild 
state.  A  thoroughly  aroused  cottonmouth  throws  its  head 
upward  and  backward  and  holds  its  open  mouth,  wide 
revealing  the  white  interior.  These  dangerous  snakes 
closely  resemble  several  of  the  nonpoisonous  water  snakes 
and  it's  difficult  to  distinguish  among  them  in  the  field. 
Behavior  offers  some  of  the  best  clues.  Water  snakes 
usually  flee  quickly  or  drop  with  a  splash  into  the  water,  but 
cottonmouths  often  stand  thsir  ground  with  a  vibrating  tail 
or,  if  you're  lucky,  will  crawl  slowly  away.  In  the  fall, 
moccasins  retreat  to  higher  ground  to  hibernate  and  thus  are 
not  necessarily  found  in  the  immediate  vicinity  of  water. 

Copperheads.  These  are  richly  colored,  heavybodied 
snakes  with  IS  to  25  chestnut*brown  crossbands  on  the 
hazel  or  pinkish-brown  body.  These  crossbands  arc 
constricted  on  the  midline  of  the  snake's  body  so  that  they 
appear  as  hourglasses  from  the  top  and  as  inverted  Y's  from 
the  side.  The  average  length  of  copperheads  is  about  3  feet. 
The  uniform,  coppery  tinge  of  the  head  has  given  this  snake 
its  most  popular  •^ime.  The  abdomen  is  pale  pinkish  brown, 
with  a  row  of  dark  spots  on  each  side  (ventral  view).  The 
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copperhead  is  also  known  in  some  parts  of  the  country  as  a 
rattlesnake  pilot,  pilot,  or  chunk  head. 

Distribution,  Copperheads  are  found  in  central 
Massachusetts  and  through  all  of  the  Eastern  States  to 
northern  Rorida,  along  the  Gulf  States  to  Texas,  thence 
northward  through  Arkansas,  Oklahoma,  Kansas,  Missouri, 
Illinois,  Indiana,  Ohio,  Pennsylvania,  and  New  York. 

Habitat.  These  snakes  are  arboreal  tree  and  bush 
dwellers)  as  well  as  terrestrial,  frequently  climbing 
vegetation  in  search  of  food.  They  are  found  in  rocky  or 
wooded  areas  such  as  the  mountainous  and  ledgy  regions  of 
the  North  and  inhabit  the  damper  deciduous  woods  and 
low-lying  stretches  of  cypress  growth  of  the  South,  They 
live  together  in  small  numbers  throughout  the  year.  They 
are  commonly  found  in  deserted  quarries  in  the  North, 
where  they  hibernate  in  the  rocks  with  their  close  relatives, 
the  branded  rattlesnakes. 

Food.  This  snake  has  a  highly  variable  diet,  feeding  on 
small  mammals  and  birds,  other  snakes,  frogs,  and  insects 
such  as  caterpillars  and  cicadas.  The  food  preferences 
seems  to  be  seasonal. 

Breeding.  Mating  takes  place  in  April  or  May  and  6  to  12 
brilliantly  colored  young  are  bom  alive  in  August  or 
September.  The  young  have  sulphur-yellow  tails. 

Habits.  As  in  the  case  of  other  pit  vipers,  copperheads 
coil  and  rapidly  vibrate  their  tails  when  disturbed.  Their 
coloration  is  highly  protective,  especially  when  these 
reptiles  are  motionless  against  a  background  of  autumn- 
colored  leaves.  As  a  general  rule,  they  are  less  irritable  than 
the  water  moccasin  and  will  seek  cover  swiftly  when 
disturbed,  except  when  they  are  cornered.  Old  stone  walls 
and  natural,  ledgy  terrain  should  be  approached  with 
caution  because  they  are  common  resting  places  for  this 
snake. 

Rattlesnakes*  lliese  are  the  most  interesting  and 
important  reptiles,  inhabiting  North  America,  because  at 
least  one  species  is  found  in  every  state  except  Alaska  and 
Hawaii.  Rattlesnakes  are  so  named  because  they  have 
homy  interlocking  joints  at  the  end  of  the  tail  that  make  a 
sharp  rattling  sound  when  shaken.  Some  species  attain  such 
a  large  size  that  they  rank  high  in  terms  of  deadliness  among 
the  venomous  snakes  of  the  world.  They  are  highly 
variable,  ranging  from  18  inches  in  the  case  of  the  pygmy 
rattlesnake  (Sistrurus  milianus)  to  8  feet  for  the  eastern 
diamondhack  rattlesnake  (Crotalus  miliarius).  The  same 
species  may  vary  in  color.  There  is  great  color  variation  in 
both  yellow  and  black  phases  of  the  handed  or  timber 
rattlesnake.  The  massasauga  (Sistrurus  catenatus)  is  parti£\l 
to  bogs  and  swamps,  while  the  homed  rattiesn  CtlcCa  or 
sidewinder,  thrives  in  dry  desert  areas.  Rattlesnakes  have 
been  found  in  every  State  except  Alpska  and  Hawaii,  but 
their  headquarters  (according  to  number  of  species)  is  the 
Southwest.  Except  for  the  Southwest,  there  are  few  areas 
whe:e  more  than  one  or  two  species  occur.  The  borders  of 
the  ranges  of  the  different  species  may  extend  slightly  into 
that  of  another.  Because  of  the  highly  diversified  habits  and 
characteristics  of  this  group  of  snakes,  we  will  consider 
only  the  eastern  diamondback  rattlesnake,  the  largest  and 
most  deadly  poisonous  reptile  found  in  the  United  States.  It 
ranks  among  the  world's  most  deadly  snakes. 


Distribution,  The  eastem  diamondback  is  found  from 
Florida,  in  many  of  the  adjacent  Keys,  northward  through 
the  costal  plains  to  southem  North  Carolina  and  westward 
along  the  Gulf  States  to  extreme  southeastem  Louisiana. 

Description.  It  is  a  stout-bodied  olive  to  dark  brown 
snake  with  a  bold  pattem  of  large  black  or  brown  diamonds 
down  its  back.  These  diamonds  have  bright  yellow  borders, 
about  the  width  of  a  single  scale,  which  become  obscure 
toward  the  tail.  Beneath  the  eye  is  a  dark  band,  bordered  on 
each  side  with  a  narrow  band  of  bright,  yellow.  The 
abdomen  is  dull  yellow.  With  the  exception  of  a  more  vivid 
pattem,  young  specimens  arc  like  the  parent.  They 
commonly  grow  to  6  feet  but  may  attain  a  length  close  to  9 
feet  and  weigh  12  to  15  pounds  or  more. 

Habitat.  This  snake  inhabits  the  wild  bmsh  country  of  the 
Southem  lowlaids,  where  pines  and  palmettos  flourish. 
These  snakes  have  been  commonly  observed  hiding  under 
the  broad  leaves  of  the  dwarf  palmettos  during  the  day  and 
having  them  at  twilight  to  feed.  So  closely  do  the  body 
colors  blend  with  the  vegetation  and  the  effects  of  sunlight 
and  shadow,  that  these  snakes  are  seen  with  some 
difficulty. 

Food.  These  huge  snakes  feed  largely  on  rabbits  and 
quail,  principally  the  former.  They  wander  into  areas  of 
dwarf  and  scrub  palmettos  in  search  of  their  prey.  Hunters 
and  other  persons  who  have  occasion  to  enter  such 
diamondback-infested  areas  should  take  the  necessary 
precautions  to  keep  from  being  bitten.  A  description  of  the 
poisonous  potentiality  of  this  reptile  is  shown  in  the 
following  example.  The  maneuvers  of  the  average 
specimen  when  feeding  in  captivity  are  interesting.  A 
medium-sized  rabbit  is  placed  in  the  cage,  and  the  snake 
shifts  its  coils  to  a  striking  posture.  Tlie  rabbit  shows  no 
sign  of  fear  and  may  hop  toward  the  reptile,  which  draws 
back  its  head.  While  nosing  about,  the  rabbit  momentarily 
presents  its  side  to  the  snake  and  like  a  flash  the  deed  is 
done.  The  human  eye  can  observe  but  two  things;  first,  the 
snake  appeared  to  strike  at  the  rabbit,  and  secondly,  to  have 
barely  touched  it  with  its  jaws.. The  snake  is  back  in  the 
original  position  before  the  rabbit's  frightened  squeal  is 
over.  The  little  creature  bounds  forward,  rolls  on  its  side, 
kicks  convulsively,  and  is  dead.  Barely  1  minute  passes 
from  the  time  of  the  serpent's  strike  to  the  rabbit's  death. 

Breeding.  An  average  of  9  or  10  living  young  are  bom  in 
August  or  September.  They  are  about  14  inches  long. 

Habits.  This  snake  is  chiefly  terrestrial  in  its  habits,  as 
are  all  of  the  Crotalus  species,  but  it  is  also  somewhat 
arboreal,  seen  occasionally  in  low,  scmbby  bushes.  It  is 
also  aquatic  because  it  takes  to  the  water,  even  crossing  salt 
water  among  the  nearby  Florida  Keys.  It  may  even  be  seen 
a  few  miles  out  at  sea,  swept  there  by  the  outgoing  tides. 
The  pygmy  rattlesnake  and  the  massasaugas  differ  from 
other  Crotalus  species  in  that  they  are  smaller  in  size  and 
thus  have  proportionately  smaller  rattles.  They  have  nine 
large  symmetrical  shields  or  plates  on  top  of  the  head 
similar  to  the  other  pit  vipers  (copperheads  and  water 
moccasins),  and  they  inhabit  a  damper  habitat.  The  poison 
of  some  pygmy  rattlers  is  acutally  more  toxic,  drop  for 
drop,  than  venom  of  the  larger  species. 
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Exercises  (C39): 

1.  Match  each  type  of  snake  in  column  B  to  its 
description  statement  in  column  A.  Column  B  items 
may  be  used  more  than  once. 

Column  A  Column  B 

 (1)    At  least  one  species  is  found  in      a.  Water  moc- 

every  State  except  Alaska  and  casin. 

Hawaii.  b.  Copperhead. 

  (2)    The  inside  of  the  mouth  is  white.       c.  Rattlesnake. 

  (3)    Crossbands  on  the  body  appear 

as  hourglasses  from  the  top  and 

as  inverted  Y's  from  the  side. 
  (4)    They  are  sluggish  and  irritflble; 

will  drop  quickly  into  water;  and 

retreat  to  high  ground  in  the  fall. 
 (5)    Have  homy  interlocking  joints  at 

the  end  of  the  tail. 
  (6)    The   largest  and  most  deadly 

poisonous  reptile  found  in  the 

U.S. 

  (7)  Found  from  the  swamps  of  Vir- 
ginia through  Florida,  along  the 
Gulf  States  to  Texas,  extends 
through  eastern  Oklahoma, 
Arkansas,  Mississippi,  southerr 
Illinois,  Indiana,  and  Tennessee. 

  (8)    Feeds    on    frogs,    fish,  other 

snakes,  birds,  small  turtles «  baby 
alligators,  and  salamanders. 

  (9)    Mates  in  April  or  May;  gives 

birth  to  from  6  to  12  briUiantly 
colored  young  \vith  sulphur- 
yellow  tails. 

  (10)  Feeds  on  small  mammals,  birds, 

other  snakes,  frogs,  and  insects. 


C40.  Identify  characteristics  of  the  Elapidae  snake 
family. 

Family  Elapidae.  With  the  exception  of  the  coral 
snakes,  this  family  inhabits  chiefly  Asia,  Africa,  and  the 
Malay  Archipelago.  Two  of  its  more  formidable  family 
members  are  the  black  mamba  of  Africa,  the  males  of 
which  actually  go  out  of  their  way  to  attack  humans  during 
the  breeding  season,  and  the  king  cobra,  which  has  caused 
as  many  as  20,000  deaths  yearly  in  India. 

The  Elapidae  family  contains  two  species  of  coral  snakes 
found  in  this  country  Micrurus  and  Micruroides)  which 
differ  from  many  of  their  family  relatives  by  lacking  the 
**hood"  apparatus  which  the  cobra  has.  The  coral  snake 
grasps  its  prey  by  the  neck  or  body  and  rapidly  chews  the 
poison  in;  considerable  venom  is  injected  and  the  prey  is 
thus  weakened  for  the  swallowing  process.  The  coral  snake 
holds  on  and  the  fangs  are  worked  along  the  body  until  the 
prey  is  shifted  into  a  position  from  which  it  may  be 
swallowed  head  first. 

Description.  These  snakes  are  smooth,  shiny,  and 
cylindrical.  The  body  is  ringed  with  bands  of  red  and  black 
with  more  narrow  bands  of  yellow.  The  snout  is  black  with 
the  black  rings  bordered  with  yellow  and  the  colors  red  and 
yellow  touching.  The  venom-conducting  apparatus  consists 
of  shoit,  stout,  always  erect,  and  immovable  fangs  on  the 
forward  part  of  the  upper  jaw.  The  pupil  of  the  eye  is  round 
and  the  head  is  the  same  size  as  the  neck. 
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Distribution.  Micrurus  is  found  from  North  Carolina 
south  through  Florida,  westward  to  Texas,  and  northward 
up  the  Mississippi  to  Indiana.  Micruroides  is  found  in 
Arizona  and  New  Mexico. 

Habitat.  These  snakes,  which  average  2  to  IVi  feet  in 
length,  are  secretive  and  sometimes  burrowing,  found 
commonly  under  the  bark  of  decaying  logs.  They  spend 
most  of  their  lives  in  such  places  but  frequently  come  out 
after  heavy  rains  in  search  of  food. 

Food.  These  snakes  feed  mainly  on  small  snakes  and 
lizards. 

Breeding.  In  contrast  to  the  pit  vipers,  they  are 
oviparous,  laying  up  to  seven  elongate  eggs  in  decaying 
bark  or  damp  soil.  Little  else  is  known  about  their  breeding 
habits. 

Habits.  They  are  seldom  encountered  because  of  their 
secretive  habits,  but  they  are  sometimes  handled  by 
children  and  other  people  (through  ignorance  of  their 
poisonous  properties)  because  of  their  attractive  coloration 
and  unoffensive  nature.  They  rarely  bite  but  are  extremely 
dangerous.  These  snakes  do  not  strike,  as  do  the  pit  vipers, 
but  grab  their  prey  and  c/jen*  the  venom  in.  Their  venom  is 
also  different  from  that  of  the  pit  vipers,  fhe  coral  snakes 
have  a  neurotoxic  venom  which  attacks  the  nervous  system 
and  the  thoracic  muscles,  especially  those  of  the 
diaphragm,  so  that  breathing  is  difficult.  In  comparison,  the 
poison  of  pit  vipers  is  hemotoxic  and  effects  the  tissue  and 
the  red  blood  cells. 

Exercises  (C40): 

Identify  the  statements  as  true  or  false  and  correct  any  false 
statements. 

  1.  Coral  snakes  have  a  hemotoxic  venom. 


2.  The  males  of  the  black  mamba  of  Afiica  go  out  of 
their  way  to  attack  humans  during  the  breeding 
season. 


3.  The  cobra  and  coral  snakes  arc  from  different 
families. 


 4.  The  ''<:'ng  cobra  has  cau;^ed  as  many  as  20,000 

deaths  yean  '  >  iri<lia. 


5.  Coral  snakes  have  a  "hood." 


 6.  Coral  snakes  are  smooth,  shiny,  and  cylindrical. 
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 7.  Micruroides  is  found  in  New  York  and  New 

Mexico. 


8.  Coral  snakes  average  2  to  V/i  feet  in  length. 


9.  Coral  snakes  are  usually  found  in  open  spaces 
sunning  themselves. 


 10.  Coral  snakes  lay  eggs. 


C41.  List  the  symptoms  and  signs  of  envenomization  by 
pit  vipers  and  coral  snakes. 

Symptoms  and  Signs  of  Snakebite.  The  following 
outline  of  signs  (what  another  person  can  observe)  and 
symptoms  is  divided  according  to  the  snake  family  causing 
the  poisoning. 

Envenomization  by  pit  vipers. 

a.  Presence  of  one  or  more  fang  puncture  wounds  (fig. 
2-9). 

h.  Prompt  and  progressive  swelling. 

c.  Pain. 

d.  Ecchymosis  (bruiselike  discoloration). 

e.  Nausea  and  vomiting. 

/.  Bleeding  from  the  fang  punctures. 

g.  Blister  forniat ion. 

h.  Respiratory  and  visual  difficulties. 
/.  Shock. 

y.  Local  necrosis  (decay  of  tissue),  often  severe. 

Envenomization  by  corai  snakes: 

a.  Presence  of  tooth  puncture  wounds. 

b.  Blurring  of  vision. 

c.  Ptosis  (drooping  of  eyelids),  unsteady  gait. 


d.  A  feeling  of  thickened  tongue  and  throat,  slurring  of 
speech,  and  tingling  sensations. 

e.  Soft  tissue  swelling  at  the  puncture  point. 
/.  Drowsiness,  lassitude. 

g.  Nausea  and  vomiting. 

h.  Excessive  salivation  and  sweating. 

/.  Burning  pain  at  the  site  of  injury  (pain  and  swelling 
occasionally  may  be  absent  in  the  presence  of 
envenomization  by  certain  elapids). 

Exercises  (C41): 
1 .  List  the  symptoms  of  pit  viper  envenomization. 


2.  List  the  signs  of  coral  snake  evenomization. 


C42.  Specify  correct  statements  regarding  snakebite 
treatment. 

Treating  a  Snakebite.  In  the  course  of  your  woik,  you 
may  be  required  to  enter  snake-infested  areas.  Never  enter 
such  an  area  alone.  Follow  the  approved  practice  of 
proceeding  in  groups  of  at  least  two  or  three  individuals.  If 
you  or  one  of  your  coworkers  is  bitten  in  spite  of 
precautions,  you  should  seek  professional  medical  attention 
at  once. 

If  you  can  get  professional  medical  treatment  within  aii 
hour  after  the  time  of  the  bite,  you  should  disregard 
extensive  first  aid.  Keep  calm  and  proceed  for  treatment. 

In  the  event  that  you  are  snakebitten  and  first  aid  is 
required,  there  are  six  rules  you  should  bear  in  mind: 

(1)  Keep  calm.  Excitement  stimulates  the  flow  of  blood 
and  shortens  the  length  of  time  required  for  the  venom  to 
reach  vital  oigans. 

(2)  Identify  the  snake,  if  possible.  Its  identity  is  necessary 
before  specific  antivenin  treatment  can  be  given.  If  you  are 
the  victim,  don't  spend  more  than  a  few  minutes  at  this 
activity  and  don't  move  more  than  a  few  feet  away. 
Remember,  DO  NOT  stimulate  blood  flow  unnecessarily. 
If  you  are  able  to  kill  the  snake  immediately,  check  for 
fangs  in  the  snake.  Also,  check  for  fang  marks  at  the  site  of 
the  bite  (fig.  2-9).  If  the  sn2Lke  is  poisonous,  swelling  occurs 
rapidly.  The  skin  becomes  a  dark  purple  and  ordinarily  two 
puncture  points,  made  by  the  fangs,  are  seen  clearly,  as 
shown  on  the  left  in  figure  2-9.  Sometimes  only  one 
puncture  mark  appears.  Scratches  accompany  the  puncture 
wounds.  Nonpoisonous  snakebites,  shown  on  the  right  in 
figure  2-9  appear  only  as  scratches. 

(3)  Immobilize  the  bitten  part  in  a  position  below  the 
level  of  the  heart. 

(4)  Apply  a  constricting  tourniquet.  Put  it  2  to  4  inches 
closer  to  the  heart  than  the  site  of  the  bite.  Reapply  the  band 
ahead  of  the  swelling  if  it  progresses  up  the  arm  or  the  leg. 
If  you  positively  identify  the  snake  as  a  viper  (rattler, 
moccasin,  or  copperhead),  apply  the  tourniquet  tight 
enough  to  stop  blood  flow  in  the  veins.  Be  sure  you  have  a 
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pulse  below  the  tourniquet.  Release  the  tourniquet  1  minute 
every  30  minutes. 

(5)  If  you  are  giving  first  aid  to  another  person  whose 
breathing  fails,  administer  mouOx'to -mouth  or  mouth-to- 
nose  artificial  respiration.  Obtain  assistance  from  the 
nearest  medical  source  at  the  earliest  possible  moment. 

(6)  Make  incisions  and  begin  suction  as  soon  as  possible. 
You  should  lake  this  step  preferably  within  10  minutes  but 
not  after  1  hour  following  the  bite.  You  should  F>erfonri  this 
procedure  only  when  the  snake  is  identified  as  poisonous  or 
when  swelling,  pain,  and  other  symptoms,  as  listed 
previously,  have  developed  and  you  cannot  reach  the 
services  of  a  doctor  within  an  hour.  Here  are  the  general 
rules  for  incision  and  suction  treatment: 

(a)  Sterilize  a  sharp  instrument. 

(b)  Make  the  cuts  through  the  fang  marks  parallel  to 
the  long  axis  of  the  limb  and  deep  enough  to  allow  free 
bleeding.  Cuts  should  be  about  1/4  inch  deep  and  1/4  inch 
long.  Do  not  make  crosscut  incisions.  The  incision  must 
penetrate  the  skin  but  not  enter  muscles  or  underlying 
structures  (tendon,  blood  vessels,  or  nerves).  (NOTE:  You 
should  nevei  make  incis.  ons  on  fmgcrs,  hands,  wrists,  toes, 
feet,  or  ankles  unless  it  is  extremely  necessary  or  the  part  is 
so  swollen  that  such  incisions  cannot  damage  underlying 
structures.) 

(c)  Perform  suction  with  suction  cups  or  by  mouth, 
spitting  frequently,  and  continue  for  at  least  30  minutes. 
(Snake  poison  is  harmless  in  the  mouth  unless  there  is  a  cut 
there.)  If  you  are  the  victim,  you  can  do  this  yourself  if  you 
can  reach  the  fang  marks  with  your  mouth. 

(d)  Get  medical  help  as  soon  as  possible. 

Exercises  (C42): 

Identify  the  statements  as  correct  or  incorrect;  correct  those 
rbat  are  incorrect. 

  1 .  Never  enter  snake-infested  areas  alone. 


2.  Pest    management    {personnel    may  administer 
antivenin. 


3.  When  treating  for  snakebite,  institute  incision  and 
suction  within  10  minutes  but  not  after  2  hours. 


 4.  SnaVze  poison  is  harmless  to  the  mouth  which  has  no 

cuts. 


5.  Nonmedical  personnel  should  never  make  incisions 
on  fingers,  hands,  wrists,  toes,  feet,  or  ankles 
unless  the  part  is  highly  swollen. 


  6.  The  best  rules  to  follow  when  a  worker  is  bitten  by 

a  snake  are  to  help  the  victim  keep  calm,  identify 
the  snake,  and  get  medical  help  as  soon  as  possible. 


C43.  Idendfy  measures  to  control  snakes. 

Snake  Control  Measures.  There  are  two  main  types  of 
measures  designed  to  control  snakes — site  sanitation  and 
avoidance. 

Site  saniioHon,  Removing  brush  and  woodpiles,  keeping 
vegetation  cut  short,  and  trimming  vines  and  brushes  will 
eliminate  harborage  areas  and  will  discourage  snakes 
because  this  eliminates  rodents  from  the  area  which  are  the 
main  food  source  of  snakes.  An  effective  rodent  control 
program  will  aid  immeasurably  in  controlling  snakes. 

Avoidance,  The  best  personal  protection  against  snakes 
is  to  avoid  their  natural  habitats.  If  you  must  enter  these 
areas,  wear  hip  boots  and  make  sufficient  noise  so  that  the 
snakes  can  get  out  of  your  way  or  at  least  warn  you.  Do  not 
sit  on  logs  or  rocks  until  after  you  have  made  a  thorough 
inspection. 

You  will  probably  be  required  to  answer  calls  concerning 
the  presence  of  snakes  in  or  under  various  base  facilities.  In 
this  event,  you  should  wear  hip  boots  and  have  a  bright, 
reliable  flashlight  and  a  good  set  of  snake  tongs  because  you 
must  inspect  every  area  possible  within  the  facility, 
including  the  attic  and  under  the  flooring,  providing  the 
facility  is  designed  in  this  manner. 

Exercises  (C43): 

1.  An  effective   control  program  will 

aid  immeasurably  in  controlling  snakes. 


2.  What  is  the  best  personal  protection  against  snakes? 


3.  When  looking  for  snakes  under  buildings,  you  should 

wear  and  have  a 

bright,  reliable  . 


EKLC 


44666 


CHAPTER  3 


Vegetative  Pests 


WEEDS  ARE  '^plants  out  of  place."  For  example:  a  farmer 
who  raises  wheat  takes  pride  in  a  good  stand.  Yet,  the 
farmer's  wife  will  quickly  extract  the  same  plant  from  her 
zinnia  bed. 

On  an  Air  Force  base,  there  are  areas  where  plants  arc 
desirable,  including  lawns,  golf  courses,  road 
embankments,  railroad  right-of-ways,  and  runway 
shoulders.  In  these  areas  we  control  the  weeds. 

There  are  also  areas  where  any  vegetation  is  undesirable. 
Some  of  these  areas  are  around  fuel,  oil,  and  paint  storage 
areas;  certain  buildings  and  shops;  under  fences;  and  along 
roads  and  railroads.  Some  vegetation  control  along 
drainage  and  irrigation  ditches  is  also  required. 

This  chapter  covers  the  growth  habits  and  propagation  of 
plants  and  describes  important  aquatic,  woody,  grassy,  and 
herbacious  broadleaf  plants  arid  their  control. 

3-1 .  Weod  Growth  and  Propagation 

This  section  briefly  covers  the  growth  habits  and 
propagation  of  plants  in  general  to  give  you  a  basis  for 
further  discussion  of  aquatic  and  other  types  of  plants  and 
their  control. 


Rapid  growth.  Some  plants  can  grow  to  maturity  and  set 
seed  in  only  1  or  2  months.  For  this  reason,  seeds  arc  often 
formed  before  we  can  take  adequate  control  measures. 

Competitive  abiiity.  Some  weeds  can  overtake  and  retard 
desirable  plants  even  though  the  latter  have  a  headstart.  For 
this  reason,  they  often  win  out  over  other  plants  for  light.  In 
addition,  some  weeds  have  needs  for  mineral  nutrients  and 
water  that  exceed  those  of  desirable  plants. 

Unpalaiabiliiy  to  livestock.  Frequently,  pasture  weeds 
are  distasicicl  or  poisonous  to  animals.  Often  they  are 
protected  by  spines  or  similar  structures.  For  these  reasons, 
they  are  free  to  reproduce  and  spread  unimpeded  to  new 
areas. 

Exercises  (C44): 

1.  What  is  the  most  important  growth  characteristic  of 
weeds? 


2.  List  other  growth  characteristics  of  weeds  and  explain 
briefly  why  they  enable  weeds  to  persist. 


C44.  Identify  growth  characteristics  that  enable  weeds 
to  exist. 

Growth  Characteristics.  The  most  important  growm 
characteristic  of  weeds  is  their  ability  to  thrive  in  cultivated 
land.  Some  features  that  contribute  to  the  successful  growth 
of  unwanted  plants  and  their  ability  to  persist  in  spite  of 
human  efforts  to  the  contrary  are: 

•  Underground  roots  or  stems. 

a  Abundant  seed  production. 

a  Rapid  growth. 

a  Competitive  ability. 

a  Unpalatability  to  livestock. 

Underground  roots  or  stems.  Unwanted  plants  with 
underground  roots  or  stems  will  persist  from  year  to  year 
even  though  seed  production  is  prevented.  The  underground 
parts  of  some  plants  will  spread  in  all  directions,  sending  up 
aerial  stem  buds  at  intervals.  These  plants  are  spread  and 
actually  favored  by  cultivation,  since  cultivation  spreads 
small  pieces  of  roots  over  other  areas. 

Abundant  seed  production.  Many  plants  produce 
thousands  of  seeds,  and  some  of  these  seeds  can  live  in  the 
soil  from  10  to  50  years. 


C45.  Associate  certain  plants  with  statements  regarding 
their  propagation  and  identiflcation. 

Annuals.  Annw^als  are  plants  that  mature  in  one  season. 
They  are  propagau^d  only  by  seeds.  Foxtail,  crabgiass, 
ragweed,  wild  buckwheat,  and  several  mustards  arc 
examples. 

Foxtail.  The  foxtails  arc  grasses  of  roadsides  and  w&ste 
places.  They  are  striking  plants  because  of  their  dense, 
cylindrical,  spikelike  inflorescences  (flowers).  The  yellow 
foxtail  is  shown  in  figure  3-1 .  This  plant  is  distinguished  by 
the  tawny  color  of  the  spikes. 

Crabgrass.  An  example  of  crabgrass  is  shown  in  figure 
3-2.  Crabgrass  is  an  annual  plant  that  flourishes 
midsummer  to  fall.  It  is  highly  branched  with  the  stem 
prostrate  and  rooting.  The  inflorescence  is  a  terminal 
cluster  of  spiJces.  The  seeds  are  slightly  hairy. 
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Figure  3-1.  Yellow  foxtail. 


Ragweed.  You  have  probably  come  in  contact  with 
ragweed  sometime  during  your  life.  Ragweed  is  one  of  the 
plants  that  gives  hayfever  sufferers  much  trouble.  You  can 
sec  this  plant  in  figure  3-3.  This  is  an  annual  weed  of  rural 
and  urban  waste  areas.  The  plant  is  erect  and  branched  and, 
depending  upon  the  species,  may  be  from  VA  to  VA  feet 
tall.  The  leaves  are  formed  of  leaf  parts  arranged 
featherlike  along  each  side  of  a  leaf  stem.  They  show  a 
great  deal  of  variation  from  species  to  species.  The  yellow 
flowers  are  borne  on  tall  spikes. 

Wild  mustard.  This  plant,  shown  in  figure  3-4,  is  an 
annual  weed  of  waste  areas  and  cultivated  ground.  It  is  a 
low  plant  with  many  branches.  The  four-petalcd  yellow 
flowers  develop  into  numerous  siliques  (capsulations). 
These  contain  M\c  smooth,  black,  globular  seeds. 

Shepherd's  purse.  This  weed,  shown  in  figure  3-5,  is  one 
of  the  most  widely  distributed  weeds  in  the  world.  It  can  be 
either  an  annual  or  a  winter  annual  (one  which  germinates 
in  the  fall,  lives  over  winter,  and  matures  early  the  next 
season)  in  lawns,  gardens,  or  waste  areas.  The  plant  has  a 
basal  n)sette  of  deeply  toothed  leaves,  with  a  few  arrow- 
shaped  leaves  on  the  erect  stalk.  The  seed  pods  or  "purses'* 
are  also  on  the  stalk.  The  seed  pods  form  from  terminal 
white  flowers,  and  they  contain  numerous  ycliowish  seeds. 

Biennials.  Biennials  require  two  seasons  to  complete  the 
'^production  cycle.  Their  growth  period  is  longer  than  that 
of  v/intcr  annvals.  Since  they  are  propagated  by  seed  only, 
seedlings  can  be  treated  as  the  seedlings  of  annuals. 
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Common  mullein,  shown  in  figure  3-6,  is  also  known  as 
Jacob's  staff,  torch  plant,  and  flannel  leaf.  Common 
mullein  is  a  biennial,  and  it  produces  its  rosette  of  velvety 
basal  leaves  in  the  first  year.  In  the  second  year,  it  sends  up 
its  stalk  on  which  is  borne  a  terminal  spike  of  yellow 
flowers.  Burdock,  evening-primrose,  common  mullein,  and 
yellow  goatsbeard  are  biennials. 

Verennials.  Perennials  are  plants  that  live  more  than  2 
ycarf .  Many  have  several  means  of  perpetuation.  They  are 
provided  with  storage  organs  in  the  form  of  stolons  (above- 
ground  stems),  rhizomes  (underground  stems),  bulbs, 
crowns,  a..d  roots.  The  perennial  weeds  with  creeping  roots 
or  stems  are  the  most  noxious.  Supplies  of  food  are  laid  up 
in  these  organs  by  the  plant  to  feed  a  new  growth  the  next 
year.  The  new  shoot  comes  from  a  bud  and  lives  on  stored 
food  until  it  becomes  established.  Unlike  the  annual  plant, 
the  top  growth  of  a  perennial  may  be  killed  and  still  the 
plant  can  live  and  propagate  itself  beci'use  of  its  storage 
organs.  To  control  perennial  vegetation,  the  food  reseives 
must  be  materially  reduced  or  the  storage  orga  is  destroyed. 


Figure  3-2.  Crabgrass. 
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Figure  3-3.  Ragweed. 
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SILIQUE. 


Figure  3-4.  Wild  mustard. 
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Figure  3-5.  Shepherd's  purse. 


The  food  stored  by  the  plant  is  the  excess  manufactured  by 
the  green  leaves  and  stems  over  and  above  what  is 
necessary  for  growth;  therefore,  if  photosynthesis  can  be 
prevented,  the  buildup  of  reserves  will  be  curbed.  For 
control  of  perennials,  the  new  growth  is  allowed  to  draw  on 
food  reserves  until  it  becomes  sufficiently  established  to 
manufacture  its  own  food  and  then  the  top  growth  is  killed. 
Quackgrass,  Canada  thistle,  Johnson  grass,  buttercup,  and 
nutgrass  are  perennials. 
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Canada  thistle.  This  plant  is  possibly  the  most  noxious 
perennial  weed  in  the  United  States.  It  grows  up  to  1  yard 
high,  with  grooved,  hairy  stems  and  irregularly  lobed  or 
toothed  leaves.  The  root  system  is  deep,  wide,  and 
spreading.  The  plant  blooms  in  late  spring  and  summer, 
depending  upon  location,  and  produces  small  lavender 
flower  heads.  Figure  3-7  illustrates  the  Canada  thistle. 

Johnson  grass.  Another  weed.  Johnson  grass,  shown  in 
figure  3-8,  is  a  perennial  weed  posing  a  big  problem  in  the 
Southern  States.  It  is  3  to  6  feet  tall  and  has  wide  leaves 
with  a  thickened,  light-colored  midvein.  The  panicle 
(flower  cluster)  is  loose  and  turns  reddish  at  maturity. 

Buttercup,  This  weed  is  most  commonly  found  in  shady, 
moist  areas  such  as  pastures,  woodlands,  and  ditches. 
Notice  in  figure  3-9  that  the  stems  are  slender  and  branched 
from  the  base.  The  lower  leaves  are  round,  on  long  petioles, 
and  the  upper  leaves  are  often  divided  into  leaflets.  The 
flowers  are  small  and  yellow. 

Yellow  nutgrass.  This  weed,  shown  in  figure  3-10,  is  a 
perennial  weed  infesting  lawiis.  Its  name  comes  from  the 
nutlike  tubers  found  on  the  roots  of  the  mature  plants.  The 
stem  is  a  yellow -green  color  and  triangular  in  cross  section. 
When  you  look  down  on  the  plant,  the  leaves  appear  in 
three  ranks,  corresponding  to  the  three  sides  of  the  stem. 


Figure  3-6.  Common  mullein. 


Figure  3-7.  Canada  thistle. 


Exercises  (C45): 

1.  Match  the  plant  types  in  column  B  with  the  statements 
pertaining  to  the  propagation  and  identification  of 
plants  in  column  A. 


Colurm^  A 

(1)  Antual  weed  of  waste 
areas  a  nd  cultivated 
grouna,  v^ith  four  pleated 
yellow  flowers  containing 
smooth,  black,  globular 
seeds, 

(2)  Possibly  the  most  noxious 
perennial  weed  in  Uie 
United  States,  grows  up 
to  1  yard  high,  with 
grooved,  hairy  stems  and 
irregularly  lobed  or 
toothed  leaves. 

(3)  The  stem  is  yellow-grD<>n 
and  triangular  in  cross 
section. 

(4)  Most  commonly  found  in 
shady  moist  areas,  such 
as  pastures,  woodlands, 
and  ditches. 


Column  B 

a.  Shepherd*s 
purse. 

b.  Canada  thistle. 

c.  Yellow  nut- 
grass. 

d.  Foxtails. 

e.  Wild  mustard. 

f.  Common  mul- 
lein. 

g.  Buttercup. 

h.  Crabgrass. 

i.  Johnson  grass, 
j.  Ragweed. 


Column  A 

.  (5)    Gives  hayfever  sufferers 
much  trouble. 

(6)  One  of  the  most  widely 
distributed  weeds  in  the 
world.  The  seed  pods 
fomi  from  terminal  whits 
flowers  and  contain 
numerous  yellowish 
seeds. 

(7)  Also  known  as  Jacob*s 
staff,  torch  plant,  and 
flannel  leaf. 

(8)  Highly  branched  with  the 
stem  prostrate  and  root- 
ing. The  inflorescence  is 
a  temiinal  cluster  of 
spikes;  the  seeds  are 
slightly  hairy. 

(9)  Grasses  of  roadsides  and 
waste  places.  They  are 
striking  plants  due 
dense,  cylii 
spikelike  inflorescenv 

(10)  Three  to  6  feet  tall,  and 
has  wide  leaves  with  a 
thickened,  light-colored 
mid  vein. 
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3-2.  Surface  Plants 

There  arc  three  main  categories  of  surface  plants  that  you 
may  have  to  control  on  your  installation.  These  are  woody 
plants,  grasses,  and  herbaceous  broadleaf  plants. 

C46.  Identify  characteristics  of  surface  plants. 

For  the  most  part,  woody  plants  on  Air  Force  bases  have 
been  planted  or  left  alone  to  aid  in  base  beautification  or  as 
wind  breaks.  In  most  cases,  woody  plants  are  more  of  a 
problem  in  forestry  and  range  management;  however,  they 
can  be  a  serious  problem  along  streets,  fence  rows, 
ditclibanks,  railroads,  power  lines,  and  water  and  sewer 
distribution  systems. 

Characteristics  of  Woody  Plants.  Woody  plants  are 
plants  that  have  thick  trunks,  relatively  sturdy  branches, 
and  barklike  coverings.  Woody  plants  include  trees,  shrubs, 
and  vines.  Trees  are  normally  regarded  as  being  large 
woody  plants  that  have  a  single  stem  or  trunk,  for  self- 
support,  and  several  branches.  Shrubs  have  the  same 
characteristics  as  trees  but  are  generally  not  more  than  10 


feet  tall.  Vines  are  woody  plants  that  climb  or  sprawl  and  do 
not  have  a  self-supporting  trunk. 

Woody  plants  have  extensive  root  systems.  Some  of 
these  plants  have  sprawling  roots,  others  have  a  deep  root 
system,  and  ?till  others  have  both  types. 

Characteristics  of  Grasses.  Even  though  grasses  are 
quite  beneficial  to  humans,  they  can  become  pests  when 
they  are  in  the  wrong  places.  When  this  occurs,  grasses 
become  weeds  and  must  be  controlled.  To  do  your  job,  you 
must  be  knowledgeable  of  the  characteristics  of  grasses. 

Grasses  arc  plants  that  have  long,  thin,  narrow  leaves, 
and  they  usually  grow  more  outward  along  the  ground  than 
upward.  Regardless  of  whether  the  long,  thin,  narrow- 
leafed  plant  is  tall  or  spread  along  the  ground,  you  can 
recognize  it  as  a  grass  if  it  has  sheathing  at  each  leaf  base. 
All  grasses  are  monocots  (they  have  only  a  single 
cotyledon).  The  cotyledon  is  a  tiny  leaflike  structure  that 
emerges  from  the  germinated  seed.  Grasses  have  -fibrous 
root  systems  and  tend  to  be  both  perennial  and  annua). 
Probably  one  of  the  best  and  most  easily  recognized 
characteristics  of  a  grass  is  the  parallel  venation  of  the 
leaves. 

Characteristics  of  Herbaceous   Broadleaf  Plants. 

There  are  some  general  characteristics  that  you  can  use  to 
separate  broadleaf  and  grassy  weeds.  Most  broadleaf  plants 
have  relatively  wide  leaves,  comparatively  speaking,  and 
the  leaves  have  netlike  venation.  In  broadleaf  plants,  there 
are  normally  clusters  of  leaves  at  the  ends  of  branches  and 
growth  of  the  plants  extends  from  growth  nodes  located  at 
the  end  of  branches.  Broadleaf  plants  are  dicots,  which 
means  that  two  leaflike  structures  (cotyledons)  appear 
immediately  after  the  seed  germinates.  The  root  system  of 
herbaceous  broadleaf  plants  is  relatively  deep  and  strong. 
The  root  system  normally  consists  of  a  taproot  with  many 
small  lateral  roots  extending  from  it. 

Exercises  (C46): 

Identify  the  following  statement?^  as  true  (T)  or  false  (F). 
Correct  any  false  statements. 

  1.  Woody  plants  are  plants  that  have  thick  trunks, 

relatively  sturdy  branches,  and  barklike 
coverings. 


2.  Woody  plants  include  trees,  shrubs,  and  vines. 


3.  All  woody  plants  are  s^lf-supporting. 


4.  Shrubs  and  trees  have  the  same  characteristics. 
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Figure  3-8.  Johnson  grass. 
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APEX  OF  PLANT 
Figure  3-9.  Buttercup. 
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YOUNG  PLANT 


Figure  3-10.  Yellow  nutgrass. 
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  5.  Woody  plants  have  either  deep  roots  or  sprawling 

roots. 


  6.  A  plant  can  be  recognized  as  grass  by  having 

sheathing  at  each  leaf  base. 


7.  Grasses  have  fibrous  root  systems  and  tend  to  be 
both  perennial  and  annual. 


8.  Ciu        ^'■'^  1v  cribed  as  plants  with  long,  thin, 
narro  ihat  grow  more  outward  along  the 

ground  Uia..  upward. 


9 .  Most  grasses  are  poly  cots . 


10.  The  tiny  leaf-like  structure  that  emerges  from  the 
germinated  seed  is  called  a  monocot. 


11.  The  leaves  of  broadleaf  plants  can  be 
distinguished  from  grasses  by  their  netted 
venation  in  the  leaves. 


12. The  root  systems  of  herbaceous  broadleaf  plants 
are  relatively  shallow  and  weak. 


3-3.  Aquatic  Plants 

Aquatic  plants  are  becoming  a  major  problem  within  the 
United  States.  Almost  everyone  becomes  concerned  with 
aquatic  plants  at  one  time  or  another  because  each  body  of 
water  from  roadside  ditches  to  the  largest  lakes  support 
aquatic  vegetatior.  Controlling  these  plants  is  essential  in 
all  aspects  of  water  use,  including  irrigation,  drainage, 
animal  consumption,  recreation,  pollution,  and  public 
health. 

C47.  Identify  growth  and  general  characteristics  of 
aquatic  plants. 

Types,  Growth,  and  Characteristics  of  Aquatic 
Plants.  As  the  term  implies,  aquatic  plants  are  plants  that 
grow  in  or  near  water.  These  same  plants  become 
recognized  as  aquatic  weeds  when  they  interfere  with  the 
intended  use  of  a  water  area  where  they  are  located. 
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Aquatic  plants  are  generally  classified  into  three  groups: 
(1)  floating,  (2)  submersed,  and  (3)  emersed. 

Floating  plants.  Floating  plants  are  plants  that  germinate 
in  the  bottom  of  a  body  of  water  at  first  and,  soon  after 
germinating,  become  separated  from  the  soil  and  float  on 
the  surface  of  the  water.  Once  they  are  separated  from  the 
soil,  they  no  longer  depend  upon  the  soil. 

Submersed  plants.  Submersed  plants  are  aquatic  plants 
that  complete  their  entire  life  cycle  below  the  water  surface. 
However,  some  of  these  plants  may  have  floral  parts  that 
extend  above  the  water  surface.  Most  of  these  plants  are 
rooted,  but  some,  such  as  algae,  are  not  rooted. 

Brazilian  elodea,  widgeongrass,  common  bladdewort, 
vallisneria,  coontail,  marine  naiad,  and  broadleaf 
watermilfoil  are  examples  of  common  rooted  submersed 
aquatic  plants. 

Emersed plants,  Emers-  Hr.'  plants  that  are  firmly 
rooted  to  the  soil  in  aity  to  water.  During 

noimal  growth,  these  plu^ii^    ^cud  above  the  water  surface. 

Spatterdock,  fragrant  waterlily,  American  lotus, 
watershield,  pickerelweed,  arrowhead,  buttonrush,  cattail, 
softstem  bulrush ,  softrush ,  maidencane ,  torpedograss , 
sawgrass,  foxtail,  and  reed  are  common  examples  of 
emersed  aquatic  plants. 

Exercises  (C47): 

Identity  the  following  statements  as  being  correct  (C)  or 
incorrect  (I).  Explain  any  incorrect  statements. 

  1 .  Floating  plants  germinate  at  the  bottom  of  a  body  of 

water  and  float  to  the  surface,  but  are  still 
dependent  upon  the  soil. 


2.  Submersed  plants  are  aquatic  plants  that  complete 
their  entire  life  cycle  below  the  surface  of  the 
water. 


3.  Some  submersed  plants  have     ral  pans  above  the 
watt  J  surface. 


4.  Emersed  plants  are  firmly  rooted  to  the  soil  in  close 
proximity  to  water  and  no  part  of  the  plant  shows 
above  the  surface . 


3*4.  Controlling  Vegetation 

In  this  section  we  discuss  details  related  to  vegetation 
control.  You'll  learn  about  both  chemical  and  nonchemical 
controls  for  grasses  and  herbaceous  broadleaf  plants,  as 
well  as  control  measures  for  specific  areas  you  may  have  to 
treat  on  your  installation. 
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C48.  Identify  important  herbicide  use  precautions. 

Precautions  for  Using  Herbicides.  There  are  several 
actions  you  must  take  before  you  apply  herbicides: 

(1)  Identify  the  weeds  you  want  to  control . 

(2)  Select  the  right  herbicide  to  control  these  weeds 
without  harm  to  desirable  plants  nearby. 

(3)  Read  the  herbicide  label. 

(4)  Mix  the  chemical  according  to  mixing  directions.  Do 
not  use  more  than  recommended  amounts. 

(5)  Plan  to  apply  the  materials  when  and  how  the 
directions  indicate. 

(6)  Select  the  proper  equipment. 

(7)  Study  the  safety  precautions  on  the  label. 

Herbicide  labels.  Labels  on  the  herbicide  container  arc 
written  with  great  care  to  state  only  facts. 
Recommendations  on  labels  for  materials  sold  interstate 
must  be  registered  with  the  Environmental  Protection 
Agency  before  the  label  can  be  authorized.  Always  read  the 
label.  It  tells,  ilrst,  what  the  herbicide  is.  For  instance, 
2,4-D  is  sold  as  a  sodium  or  aiiiine  salt  or  a  volatile  or  low- 
volatile  ester.  Recommendations  differ  for  various 
herbicides  and  for  various  formulations  of  the  same  basic 
chemical. 

The  label  tells  the  amount  of  acid  equivalent,  phenol 
equivalent,  or  active  ingredient  in  the  product.  This 
information  helps  you  compare  the  concentrations  in 
various  formulations.  The  label  also  makes  use 
recommendations  and  gives  rates  and  time  of  application. 
Certain  warnings  are  stated  when  necessary  to  protect  you 
from  accidental  poisoning  or  irritation  by  the  chemical  and 
to  protect  susceptible  plants  from  injury. 

Protecting  desirable  plants.  Certain  precautions  are 
necessary  to  prevent  damage  to  nearby  beneficial  plants. 
This  damage  may  result  from  drift,  washing,  or  leaching. 

Drift  hazards.  Remember  that  drift  hazards  are  greatest 
when  herbicides  that  affect  the  leaves  of  plants  are  used. 
These  may  be  of  the  growth-regulating  type  or  of  the 
contact  type.  Danger  is  least  when  liquid  applications  are 
made  of  nonvolatile  herbicides  at  low  pressures.  Keep  in 
mind  that  drift  occurs  not  only  with  volatile  herbicides  but 
also  from  a  liigh-pressure  spray  that  is  atomized  into  a  mist. 

Washing.  Washing  is  an  important  hazard  on  slopes,  bare 
ground,  and  pavements.  The  herbicides  may  be  carried  by 
surface  runoff  to  valuable  plants  downhill.  Do  not  drain  or 
flush  equipment  where  runoff  to  desirable  plants  may 
occur. 

Leaching.  Leaching  moves  chemicals  downward  through 
the  soil.  If  they  are  readily  absorbed  by  roots,  plants  whose 
roots  extend  under  the  treated  area  are  likely  to  be  injured. 
Avoid  treating  such  areas  with  soil  sterilants.  Do  not  drain 
or  flush  equipment  where  leaching  to  the  roots  of  desirable 
plants  may  occur. 

Protecting  game  and  fish.  Most  herbicides  are  less 
dangerous  than  insecticides  to  wildlife.  There  are  a  few, 
however,  such  as  the  arsenicals  and  dinitros,  that  can 
poison  animals.  Most  injury  results  from  overdoses  and 
spillage.  Indiscriminate  spraying  and  spraying  that  results 
in  defoliation  of  vegetation  can  destroy  cover,  but 
herbicides  can  also  be  useful  in  management.  Openings  in 


\/ooded  areas,  such  as  the  clearing  for  utility  company 
rights-of-way  and  spraying  hardwoods  in  stands  of  pine  can 
bebeneflcial  to  wildlife. 

A  few  herbicides  are  very  toxic  to  fish,  but  many  can  be 
used  safely  for  the  control  of  aquatic  weeds.  The  control  of 
submerged  weeds  in  ponds  or  streams  can  be  beneficial  to 
fish  population.  Safe  amounts  of  herbicides,  expressed  in 
parts  of  the  chemical  per  million  parts  of  water,  vary  widely 
with  the  age,  size,  and  species  of  fish. 

Whenever  a  proposed  spraying  program  might  endanger 
game  and  fish,  consult  the  Federal  or  state  fish  and  wildlife 
service  for  advice. 

Exercises  (C48): 

Complete    the     following    statements    pertaining  to 
precautions  to  be  observed  for  using  herbicides. 
1.  What  precautions  must  you  take  before  applying 
herbicides? 


2.  When  are  drift  hazards  greatest  and  when  are  they 
least? 


3.  When  does  drift  occur? 


4.  On  what  areas  is  washing  an  important  hazard? 


5 .  Leaching  moves  chemicals 
through  the  soil. 


6.  Most  herbicides  are  less  hazardous  than  insecticides  to 


7.  Most  injuries  to  wildlife  are  the  result  of 
and  . 


C49.  Identify  herbicide  uses  and  classifications. 

Classiflcattons  and  Uses  of  Herbicides.  Herbicides  are 
grouped  on  the  basis  of  use  into  selectives  and  nonselectives 
and  on  the  basis  of  mode  of  action  into  contact, 
translocated,  and  sterilant  chemicals. 

Selective.  These  herbicides  kill  certain  weed  species 
without  seriously  injuring  the  desirable  plants  among  the 
weeds.  Those  that  kill  crabgrass  or  dandelions  in  a  grass  sod 
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are  examples.  Certain  herbicides  kill  broad-leaved  weeds 
and  not  grasses,  or  vice  versa. 

Nonselectives.  These  herbicides  kill  vegetation  with  little 
discrimination.  Certain  species,  however,  are  resistant  and 
escape.  Resistant  species  are  physiologically  resistant  to  the 
chemical;  some  plants  that  escape  are  perennials  that  have 
part  of  their  root  system  below  treated  layers  of  soil;  others 
are  annuals  and  shallow-rooted  perennials  that  reinfest  an 
area  after  the  chemical  has  leached  below  the  surface  layer. 

Contact  herbicides.  Herbicides  in  this  class  kill  the 
tissues  that  are  wetted  with  the  spray.  Whether  the  plant 
dies  or  recovers  depends  on  whether  it  has  a  protected 
growing  point.  Perennials  usually  have  underground  buds 
that  will  regrow. 

Contact  herbicides  include  aromatic  solvents  and 
herbicidal  oils.  The  aromatic  solvents  are  also  called 
solvent  naphthas  or  petroleum  naphthas.  They  include  a 
variety  of  petroleum  and  coal  distillates  that  can  be  used  in 
heavy  concentrations  for  aquatic-weed  control.  Kerosene, 
especially  as  sold  in  the  Eastern  United  States,  mineral 
spirits,  tractor  distillate,  low-grade  diesel  oil,  and  similar 
aliphatic  materials  do  not  control  submersed  weeds.  The 
most  effective  products  are  those  with  flashpoint  above  SO'' 
F.,  distillation  between  278°  F.  and  428°  F.,  and  an 
aromatic  content  of  at  least  85  percent.  These  solvents  are 
highly  flammable  and  irritating  to  the  skin,  eyes,  and 
respiratory  tissues.  Livestock  tend  to  avoid  drinking  treated 
water.  Vegetation  is  not  harmed  when  irrigated  with  treated 
water. 

Aromatic  solvents  are  deadly  to  fish.  They  are  used  in 
irrigation  and  drainage  ditches,  especially  in  short  ditches 
(6  to  8  miles  or  less)  with  even  sides  and  bottoms  and  with 
flows  of  1  to  70  cubic  feet  per  second. 

Herbicidal  oils  are  used  as  vegetation  top  killers,  as 
solvents  in  the  formulation  of  herbicides,  and  as  carriers  for 
herbicidal  chemicals.  Oils  that  kill  by  contact  shouxd  not  be 
used  as  solvents  or  carriers  of  translocated  herbicides,  since 
a  quick  kill  of  the  conducting  tissue  prevents  tionslocation 
of  the  chemical. 

Oils  vary  widely  in  their  composition,  value  for 
herbicides,  and  flammability.  Generally,  the  toxicity  to 
plants  is  greater  with  increased  content  of  aromatics.  Aside 
from  composition,  the  value  for  herbicides  is  influenced  by 
some  physical  properties.  If  the  boiling  point  is  low,  the  oil 
may  evaporate  too  rapidly;  if  too  high,  it  does  not  penetrate 
plant  tissues.  The  viscosity,  or  flowing  quality,  should 
permit  use  in  cool  weather.  Specific  gravity  is  important  in 
aquatic-weed  control.  The  flammability  is  indicated  by  the 
flashpoint;  the  lower  the  temperature  at  which  an  oil- 
vapor-air  mixture  ignites,  the  greater  the  danger  of 
explosion. 

Oil  sprays,  that  wet  leaf  surfaces  and  penetrate  waxy  leaf 
surfaces  more  effectively  than  water  sprays,  are  less  easily 
washed  off  the  plant,  and  evaporate  more  slowly  under  high 
temperatures.  The  effect  of  oils  on  perennials  is  temporary. 
Oils  are  used  for  a  quick  kill  of  top  growth — a  chemical 
substitute  for  mowing.  They  penetrate  the  leaves  of 
nongrass  plants  but  kill  grasses  by  creeping  down  the  stem 
to  the  crowns  and  roots.  Repeated  treatments  are  necessary 
where  seasons  are  long  and  rainfall  is  high.  The  cost 
depends  on  distance  from  source  of  supply.  If  relatively 
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nontoxic,  large  volumes  are  necessary  especially  for  oil- 
tolerant  species,  and  aerial  applications  are  impractical. 
Some  of  the  disadvantages  of  the  oils  used  alone  can  be 
overcome  by  fortifying  them  with  phenol  compounds  or 
using  them  in  conjunction  with  soil  sterilants.  The 
necessary  volume  can  be  reduced;  the  toxicity  to  tolerant 
weeds  can  be  increased;  a  wider  range  of  oils  can  be  used; 
and  the  initial  kill  can  be  hastened,  but  the  cost  is  higher. 

The  fortified  oil  sprays  in  low  volume  are  effective  on 
small  weeds.  When  plants,  especially  grasses,  are  tall 
enough  to  protect  their  crowns,  larger  spray  volumes  are 
required.  Emulsions  provide  larger  volume  although  they 
do  not  increase  toxicity  to  plants.  The  oil  content  can  be 
varied  10  percent  for  easy-to-kill  species  and  up  to  25 
percent  for  hard-to-kill  species.  Frequently,  a  fortified  oil 
emulsion  is  more  economical  than  a  straight  oil  emulsion. 
Oils  used  as  solvents  or  carriers  may  or  may  not  be  toxic  to 
plants. 

The  fortified  oil  emulsions  are  well  suited  for  killing  all 
vegetation  cn  roadsides,  ditchbanks,  and  similar  places  and 
for  spot  treatments  of  shallow-rooted  perennials.  The 
staining  that  may  result  fron:  >ils  carrying  the  dinitros  when 
used  on  sidewalks  and  driveways  is  objectionable.  Weed 
oils  are  preferred  for  such  use  and  for  oil-tolerant  weeds. 

As  a  class,  oils  are  insoluble  in  water;  when  mixed  with 
water  in  the  presence  of  a  surfactant,  they  form  an 
emulsion.  The  fortifying  chemical  is  dissolved  in  either  the 
water  or  the  oil,  or  both. 

Translocated  herbicides.  These  chemicals  are  absorbed 
by  the  leaves  and  stems  or  by  the  roots,  and  move  through 
the  vascular  system  to  leaves,  buds,  and  root  tips.  When 
absorbed  by  the  leaves  and  stems,  the  chemical  is 
commonly  moved  with  the  food  materials  that  were 
manufactured  in  tjie  leaves  and  stems.  When  absorbed  by 
the  roots,  the  chemical  moves  in  the  water-conducting 
tissue.  The  growth-regulator  type  of  translocated  herbicide 
is  a  synthetic  compound  that  behaves  like  a  plant  hormone. 
It  accumulates  mostly  in  areas  of  rapidly  dividing  cells 
upsetting  the  normal  metabolism  of  the  plant  and  causing 
death  of  the  cells.  Foliar  applications  of  translocated 
herbicides  are  of  great  practical  value,  because  small 
amounts  are  effective  and  they  can  be  applied  in  small 
volumes  of  water. 

The  foliage-applied  nonselectives  are  used  primarily  to 
kill  weeds  on  land  later  to  be  cropped;  but  they  also  are 
useful  on  land  where  long  residuals  are  not  required,  where 
quick  kills  are  needed,  and  where  weeds  have  survived  or 
escaped  control  wiTh  a  soil  st^r  .  r>  r.rie  of  the  selectives, 
like  the  phenoxy  compounds,  remove  broad-leaved  weeds 
from  grass  sods;  while  others,  like  dalapon,  control  grasses 
without  severe  injury  to  most  broad-leaved  plants.  These 
herbicides  are  used  where  the  killing  of  vegetation  for  long 
periods  is  undesirable. 

SoU  sterilants.  This  herbicide  makes  a  soil  incapable  of 
supporting  higher  plantlife,  but  it  does  not  necessarily  kill 
all  life  in  the  soil,  such  as  fungi,  bacteria,  and  other  micro- 
organisms. Its  toxic  effects  may  remain  for  only  a  short 
time  or  for  years.  Residual  toxicity  depends  on:  (1)  the 
chemical  and  its  rate  of  decomposition  or  leaching,  (2)  the 
colloidal  and  chemical  content  of  the  soil,  (3)  species 
tolerance,  and  (4)  rate  of  application. 
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Herbicides  vary  in  their  rate  of  disappearance  from  the 
soil  because  of  volatility,  susceptability  to  decomposition 
by  soil  micro-organisms,  and  solubility.  For  example,  some 
of  the  carbamates  are  volatile  at  high  temperatures  and 
rapidly  lose  their  toxic  effect  during  the  summer  months. 
Certain  soil  micro-organisms  effectively  decompose 
2,4-D.  Amitrole  is  soluble  in  water  and  readily  leached. 

Some  herbicides  are  readily  absorbed  by  mineral  and 
organic  colloids  and  rendered  unavailable  or  made  slowly 
available  for  plant  absorption.  The  fertility  and  pH  of  a  soil 
are  also  influencing  factors  in  the  persistence  or  availability 
of  toxic  amounts  of  certain  chemicals.  For  example, 
monuron  and  diuron  are  absorbed  on  clay  colloid  particles 
so  that  leaching  is  difficult.  Sodium  chlorate  is  more  easily 
absorbed  by  plants  growing  in  soil  low  in  nitrates. 

species  var>'  widely  in  tolerance  to  soil  sterilants, 
ui  heavy  rates  of  application  generally  last  longer  than 
light  rates. 

When  present  in  the  soil,  sterilants  prevent  the  growth  of 
green  plants.  These  chemicals  are  used  in  storage  areas, 
lumberyards,  and  parking  lots;  on  tennis  courts,  under 
pipelines  and  transformer  cages;  under  guardrails  and 
sunounding  signposts  on  highways  and  lights  on  runways; 
near  fire  hydrants,  trestles,  and  bridges;  on  utility  rights- 
of-way;  on  gravel  blanket  areas;  around  buildings,  utility 
poles,  and  tank  farms;  alonp  fence  rows;  for  firebreaks;  and 
in  similar  areas  where  any  plant  growth  is  undesirable. 
There  are  two  major  problems  in  maintaining  bare  ground: 
(1)  no  herbicide  kills  all  species  at  reasonable  rates  of 
application  and  (2)  reinfestation  results  from  weed  seeds  in 
the  soil  after  the  herbicide  has  been  leached  below  the 
surface.  Meet  these  problems  by  using  a  combination  of 
chemicals  effective  against  the  weed  species  to  be  killed 
and  by  repeated  applications  of  the  proper  herbicide  to  kill 
seedlings. 

The  arsenicals  are  among  the  cheapest  herbicides,  but 
they  must  be  handled  carefully.  Two  groups  of  arsenicals 
used  for  killing  weeds  are  inorganic  and  the  organic. 

The  inorganic  arsenicals  include  sodium  arsenite,  lead 
arsenate,  and  calcium  arsenate.  They  are  all  highly 
poisonous  to  humans  and  other  rmimals  if  swallowed.  Since 
they  a^"  highly  persistent  in  the  environment,  they  are  not 

<  ">nimerr**I1v  ;  vailable. 

^>       *  '^nl^'  include  disfjdium  methylarsonate 

cjonate.  Both  compounds  are 
^ow&iUci  i)  icss  toxic  than  the  inorganic  arsenicals  to 
humans  and  livestock,  but  they  are  harmful  if  swallowed. 
Both  are  applied  postemergence  for  the  control  of  crabgrass 
in  turf. 


Exercises  (C49): 

1.  Match  the  herbicide  classifications  in  column  B  with 
the  statements  pertaining  to  the  uses  of  herbicides  in 
column  A. 


Column  A  Column  B 

(1)  Kill  certain  weed  species  a.  Contact, 
w.thout  seriously  injuring              b.  Soil  sterilant. 
the  desirable  plants  among              c.  Selective, 
which  they  are  growing.                  d.  Translocated. 

(2)  Kill  tissues  wetted  with  the  e.  Nonselective, 
spray. 

(3)  Makes  soil  incapable  of 
supporting  higher  plsnt 
life. 

(4)  These  chemicals  are 
absorbed  by  the  leaves  and 
stems  or  by  the  roots,  and 
move  through  the  vascular 
system  to  leaves,  buds,  and 
root  tips. 

(5)  These  herbicioes  kill  vege- 
tation with  little  discrimi- 
nation. 


C50.  Identify  biological  and  mechanical  control 
measures  for  grasses  and  herbaceous  broadleaf  plants. 

Integrated  Controls  for  Grasses  and  Herbaceous 
Broadleaf  Plants.  These  plants  may  be  controlled  through 
biological,  mechanical,  and  chemical  measures.  Although 
the  biological  and  mechanical  controls  are  generally  slower 
and  more  expensive  than  chemical  controls,  they  should  be 
implemented  '"henever  and  wherever  possible  to  protect  the 
environment. 

Biological  control.  In  order  for  biological  controls  to  be 
effective,  the  predators  or  parasites  introduced  must  feed 
only  on  the  weed  species  you  want  to  control.  The  predators 
and  parasites  you  use  in  the  control  should  not  be  a  food 
source  for  other  living  organisms  within  the  area.  In 
addition,  they  must  be  adapted  to  the  surroundings  and  have 
the  ability  to  fmd  the  host.  Biological  control  is  often  the 
only  control  available  for  controlling  weeds  in  inaccessible 
areas. 

Biological  control  of  grasses  and  herbaceous  broadleaf 
weeds  includes  use  of  certain  insects,  arachnids,  fowl, 
grazing  animals,  and  other  plants. 

Control  by  insects.  The  goat  weed  beetle  has  been  used 
successfully  for  controlling  the  rangeweed  (Hypericum 
perforatum)  in  many  areas  of  California  and  the  Pacific 
Northwest.  The  cactus  moth  is  very  effective  for  controlling 
prickly  pear  cacti.  The  flea  beetle  has  shown  promise  in 
controlling  the  Canada  thistle  in  areas  of  Canada  and  the 
Pacific  Northv. 

Control  hv  v/.  Geese  are  used  in  many  instances  to 
:c  "-o!  yoi'.^i  w^d^.  in  s,.wn  crops  as  cotton,  straw acrries, 
i*iiu  mint. 

Control  by  grazing  animals.  This  concept  is  based  on  the 
placement  of  grazing  animals  that  eat  the  plants  you  want  to 
control  in  the  infested  area. 

Control  by  other  plants.  Some  degree  of  success  in 
controlling  undesirable  vegetation  has  been  obtained  by 
certain  plants  in  producing  selective  phytotoxins.  For 
example,  black  mustard  was  planted  in  regions  of 
California  to  inhibit  the  germination  of  chaparral,  an 
undesirable  range  plant,  but  did  not  inhibit  other  range 
plants  that  were  desired. 
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Mechanical  control.  Grasses  and  herbaceous  broadleaf 
plants  can  be  controlled  effectively  through  mechanical 
measures  if  you  implement  the  right  measure  at  the  right 
time.  The  proper  mechanical  control  and  the  appropriate 
lime  for  controlling  plants  depends  on  whether  the  plants 
are  annuals,  biennials,  or  perennials. 

Cultivation,  in  most  cases,  cultivating  is  the  most 
practical  mechanical  control  for  controlling  annual  and 
biennial  weeds  when  the  area  is  cultivated  shallow  in  early 
spring,  and  frequently  thereafter  until  midsummer.  This 
process  reduces  competition  to  desirable  crop  plants  and 
prevents  flowering  and  seeding. 

Cultivating  undesirable  perennial  plants  will  cause  the 
plants  to  starve  because  cultivation  will  prevent  the  plants 
fron^  manufacturing  additional  food.  It  will  also  cause  them 
to  expend  the  food  that  is  already  stored  within  the  plant. 
Controlling  perennial  plants  through  cultivation  should  be 
done  shortly  after  the  plants  have  produced  new  foliage. 

Mowing,  Mowing  is  relatively  effective  for  controlling 
some  species  of  annual  weeds  if  you  mow  often  enough  and 
before  the  flowers  mature.  Mowing  should  be  conducted  at 
a  height  that  is  low  enough  to  remove  the  flora  but  high 
enough  to  still  permit  competitive  ability. 

Burning,  Although  burning  is  an  unpopular  word  among 
environmentalists,  it  does  have  some  merit  in  the  control  of 
undesirable  vegetation.  Fire  is  more  effective  for 
controlling  annual  plants  than  perennials.  Burning;  is  a 
useful  mechanical  control  measure  for  removing  vegetation 
along  fire  breaks,  waterways,  railways,  and  security  fences. 
Burning  vegetation  is  popular  in  tropical  regions  because 
the  ashes  provide  additional  nutrients  to  the  low-nutrient 
soils  generally  f  und  in  tropical  regions. 

Mulching.  Mulching  keeps  light  from  the  plants. 
Photosynthesis  is  thus  reduced  and  the  plants  die  or  do  not 
grow.  Materials  used  for  mulching  include  sawdust,  hay, 
straw,  manure,  paper,  and  plastic.  The  area  being  treated 
must  be  completely  covered  with  mulch.  The  layer  of 
mulch  must  be  thicker  for  perennials  than  for  annuals. 
Deep-rooted  perennials,  such  as  morning  glory  plant,  may 
require  a  layer  of  mulching  material  3  to  4  feet  thick. 

Exercises  (€50): 

Identify  the  following  statements  as  being  true  or  false  and 
correct  any  false  ones. 

  I.  Grasses  and  herbaceous  broadleaf  plants  may  be 

control^   *  by  biological  mechanical,     ^^en  "^ni 


 4.  Biological    control   of  grass   and  herbaceous 

broadleaf  weeds  includes  the  use  of  certain 
insects,  arachnids,  fowl,  grazing  animals,  and 
other  plants. 


5.  The  goatweed  beetle  has  been  used  to  control  the 
prickly  pear  cacti. 


6.  The  flea  beetle  has  been  used  to  control  the  prickly 
pe;ir  cacti. 


7.  Geese  are  used  to  control  young  weeds  in  crops. 


8.  An  important  consideration  in  mechanical  plant 
control  is  whether  the  plants  are  annuals, 
biennials,  or  perennials. 


9.  Plant  control  by  cultivation  is  one  of  the  most 
practical  mechanical  methods. 


10.  Controlling  perennial  plants  through  cultivation 
should  be  done  shortly  before  new  plants  can 
produce  additional  food. 


11.  Mowing  should  be  done  before  the  flowers 
mature. 


12.  Control  by  burning  is  effective  for  controlling 
annual    plants    but    is    undesirable    from  an 


  13.  Burning  has  a  detrimental  effect  on  the  nutnents  in 

2.  Biological  and  mechanical  controls  are  slower  but 
less  expensive  than  chemical  controls. 

  14.  Mulching  excludes  the  light  from  plants,  thus 

3.  In  order  for  biological  controls  to  be  effective,  the  reducing  photosynthesis, 
predators  or  parasites  introduced  must  only  feed 

on  the  weed  species  desired  to  be  controlled. 
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C51.  Identify  details  regarding  chemical  controls  for 
grasses  and  herbaceous  broadleaf  plants  in  specific 
areas. 

Chemical  Controls  for  Grasses  and  Herbaceous 
Broadleaf  Plants  in  Specific  Areas.  There  are  specific 
areas  on  and  adjacent  to  Air  Force  installations  where 
partial  or  complete  vegetation  control  is  require*^  ome  of 
these  areas  are  in  and  aroim'^  '  ^  roadb.  utility 

lines,  and  railroads.  Ir.  weed  control  must  be 

effective  in  turf  areas,  such  as  lawns,  athletic  fields,  golf 
grounds,  parade  grounds,  etc. 

Paved  highways.  Vegetation  that  encroaches  on  the 
edges  of  asphalt  pavement  or  grows  up  through  cracks  and 
holes  causes  premature  breakdown  of  the  pavements.  You 
can  control  this  type  of  vegetation  with  presurface  and 
postsurface  application  of  herbicides.  Shoulders  next  to  the 
trafficway,  medians  separating  divided  highways,  and 
islands  at  highway  intersections  are  often  surfaced  with 
asphalt.  On  such  areas,  apply  the  herbicide  to  the  gravel 
base  just  before  the  asphalt  is  poured.  A  standard  highway 
watering  truck  can  be  adapted  for  this  use  by  equipping  it 
with  a  loading  pump  to  circulate  the  spray  material  and  with 
standard  asphalt  nozzles  that  deliver  a  fan  spray. 

Several  herbicides  prevent  the  emergence  of  plants 
through  the  pavement,  but  they  vary  in  cost  and  in  injury  to 
vegetation  next  to  the  pavement.  Plant  growth  on  the 
unpaved  area,  particularly  on  fill  slopes,  may  be  desirable 
to  prevent  erosion.  The  following  products  control 
vegetation  at  the  accompanying  rates  per  foot-mile.  (Rates 
per  foot-mile  x  8.25  =  rate  per  acre.) 

Chlorate-borate,  200  pounds  (25  percent  sodium  chlorate) 
Dalapon,  10  pounds 

Dalapon-silvex,  2.5  gallons  (41b  dalapon  +  1/2  lb  silvex  per  gal) 

Diuron,  5  pounds 

Erbon,  5  gallons  (41b  per  gal) 

Monuron,  5  pounds 

Monuron-TCA,  0.9  gallon  (31b  per  gal) 
TCA,  25  pounds 

Postpaving  treatments  ire  nece^  -^ry  la'  to  vrr  vcnx 
encroachment  *^      <  ^  ux:      and  i  an> 

ve^''ctatif>n  s^ov/a^  \ip  ■  -  igh  craj-rcs  in  old  pavements. 
^sc  re*^  -  "  ireatments  with  dalapon-silvex  mixture 
or  use  Ua.^pon  ^xi  grasses  and  2,4-D  or  amitrole  on  broad- 
leaved  weeds. 

CAUTION:  Erbon,  monuron,  and  chlorate-borate 
mixture  can  injure  vegetation  some  distance  from  the  edge 
of  the  pavements;  and  monuron,  diuron,  and  monuron-TCA 
can  injure  plants  next  to  the  treated  area. 

Roadsides.  Herbicides  are  useful  in  the  maintenance  of 
roadsides  if  they  are  properly  applied.  The  greatest  dangers 
come  from  drift,  runoff,  improper  ap^>iication,  and  leaching 
to  roots  of  desirable  species  under  the  treated  area. 

Before  spraying,  make  a  survey  of  the  area,  spotting  any 
slopes  subject  to  erosion,  the  location  of  desirable 
vegetation,  and  the  density  and  height  of  brush. 

CAUTION:  Drift  hazards  are  greatest  when  growth- 
regulating  herbicides,  such  as  2,4-D,  2,4, 5-T,  and  silvex 
or  contact  herbicides  are  used  as  sprays,  but  damage  often 
results  from  careless  application.  Drift  occurs  not  only  with 


volatile  herbicides,  such  as  the  esters  o^  2,4-D  and 
2,4, 5-T,  but  also  with  any  spray  that  has  been  atomized 
into  a  mist  by  high  pressure  and  a  small  nozzle  opening. 
The  volume  of  spray  per  unit  area  also  influences  drift. 
Where  there  are  adjacent  susceptible  plants.  Hst  10 

gallons  per  acre  and  move  the  sprayer  at  a  low 

It  is  especially  important  to  reduce  mist  when  you  spray 
vith  a  handgun.  Operate  at  low  pressure  (30  to  60  psi). 
Direct  spray  downward  as  much  as  possible,  and  do  not 
spray  when  it  is  windy.  When  you  are  treating  edges  of 
roads,  spray  from  the  outside  toward  the  pavement. 

Runoff  is  an  important  hazard  on  slopes,  bare  ground, 
and  pavements.  Cutback  asphalt  applied  with  a  soil  sterilant 
helps  to  hold  the  chemical  in  place.  Use  39  gallons  per 
1,0(X)  square  feet,  or  1,700  gallons  per  acre,  or  use  a  light 
covering  of  road  oil.  If  there  has  been  an  excavation,  add  a 
layer  of  crushed  rock.  Trees  and  shrubs  some  distance  from 
soil  treated  with  soil  sterilants  may  be  killed  if  their  roots 
extend  below  this  area. 

Utility  lines.  Make  two  complete  sprayings  of  all 
transmission  lines  at  2-year  intervals — the  first  to  kill  as 
much  growth  as  possible  and  the  second  to  kill  escapees  and 
resistant  species.  Spray  only  those  species  that  grow  tall 
enough  to  interfere  with  the  lines.  If  the  plants  are  over  6 
feet  tall,  cut  and  spray  the  stump. 

Fenuron  pellets  at  12^/2  pounds  per  acre,  active 
ingredient,  kill  alder,  blackberries  and  sumac;  elderberry, 
elm,  hawthorn,  maple,  or  willow  are  not  killed,  but  all 
species  are  defoliated. 

TCA  and  dalapon  are  moderately  effective  on  conifers. 

Foliage  sprays  of  2,4, 5-T,  at  IV?  pounds  per  100  gallons 
of  water,  control  many  species  of  hardwood  brush 
throughout  the  season.  They  are  most  effective  when 
applied  soon  after  leaves  are  fully  expanded  and  when  the 
plants  are  growing  actively.  Esters  of  2,4-D  plus  2,4,5-T 
in  equal  proportions  (brush  killer)  kill  alder,  smooth  and 
staghom  sumac,  and  willow. 

Railroads,  There  are  three  areas  on  '  '  which 
weed  contrvv  is  necessary,  the  ballast,  thr  jed,  and  the 
tS^ht-of-way.  The  ballast  is  a  strin  12  to  16  i.  wide,  made 
up  of  coarse  material,  such  as  v  ders  or  gravel,  that  should 
be  kept  free  from  weeds.  Beca^  the  ballast  is  so  porous,  it 
does  not  retain  chemicals  well.  Insoluble  herbicides,  those 
absorbed  through  leaves,  and  contact  herbicides  are  most 
suitable. 

The  roadbed  (berm)  beyond  the  ballast  requires  weed 
control,  but  elimination  of  vegetation  increases  erosion. 
The  rest  of  the  area  to  the  right-of-way  fence  is  similar  to 
roadsides.  If  control  is  effective  during  the  first  2  years  by 
heavy  rates  of  application,  it  can  be  maintained  with 
reduced  rates  thereafter.  The  effectiveness  of  some  soil 
sterilants  like  diuron  and  simazine  may  not  show  up  until 
the  second  or  tliird  year  of  use,  especially  in  dry  areas  or 
with  deep-rooted  weeds. 

Apply  5  to  8  gallons  of  dalapon-silvex  n  tc,  in  150  to 
300  gallons  water  per  acre-mile  on  balla  i  uhkx  berm  areas, 
or  5  to  6  quarts  of  DNAP  and  300  gallons  of  diesel  oil  p>er 
mile  on  roadbed.  For  heavy  growth,  add  300  gallons  of 
water. 

Tuif,  Weeds  in  lawns,  athletic  fields,  golf  grounds. 
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parade  grounds,  the  turf  portions  of  roadsides  and  railroad 
right-oi-vvay,  and  similar  areas  are  controlled  by  good 
maintenance  practices  supplemented  with  chemical 
herbicides.  It  is  important  to  prevent  the  encroachment  of 
weeds  by  maintaining  competition  from  vigorously  growing 
turf  grasses.  The  principal  factors  in  maintenance  are  soil, 
grass,  water,  mowing,  and  pests. 

Both  the  physical  and  chemical  properties  of  the  soil  are 
important.  Adequate  organic-matter  content,  drainage,  and 
aeration  are  as  essential  as  proper  fertility.  The  selection  of 
the  grass  or  grasses  to  be  seeded  is  also  important.  Each 
type  has  its  requirements  for  optimum  adaptation.  Water 
not  only  keeps  plants  from  wilting,  it  is  itself  a  nutrient  and 
it  acts  as  a  solvent  and  carrier  of  nutrients  and  food.  The 
frequency  and  height  of  mowing  are  important.  The  height 
is  determined  by  the  kind  of  grass,  and  the  frequency 
depends  on  rate  of  growth.  Pests  include  insects  diseases 
and  weeds.  These  often  require  treatment  beyond  good 
maintenance  practices.  Insecticides,  fungicides,  and 
herbicides  are  supplementary  controls. 

Chemicals  are  useful  for  killing  weeds  (1)  in  preparation 
for  seeding,  (2)  where  weeds  have  become  established  in 
disturbance  areas,  or  (3)  where,  for  other  reasons,  there  is 
an  incomplete  cover  of  desirable  grasses. 

Turf  weeds  comprise  (1)  broad-leaved  species  that  can  be 
killed  with  one  group  of  herbicides  without  seriously 
injuring  turf  grasses  and  (2)  undesirable  grasses  that  can  be 
controlled  by  a  second  group  of  chemicals.  The 
morphological  and  physiological  differences  between 
broadleaf  weeds  (dicotyledons)  and  grasses 
(monocotyledons)  make  selective  control  possible.  Where 
weedy  grasses  ?xc  to  be  removed  from  turf  grasses, 
selectivity  is  done  usually  if  the  weed  is  an  annual  and  the 
turf  grass  is  a  perennial. 


5.  Spraying  when  windy  will  guarantee  best  results. 


6.  When  treating  utility  lines,  all  species  must  be 
treated. 


7.  Utility  lines  should  be  treated  every  2  years. 


8.  Foilage  sprays  are  most  effective  when  applied 
soon  after  leaves  are  fully  expanded  and  when  the 
plants  are  growing  actively. 


9.  Railroads  require  treatments  in  three  areas;  the 
ballast,  the  roadbed,  and  the  right-of-way. 


10.  The  railroad  treatment  for  roadbed  should  kill  all 
vegetation. 


11.  Lawns,  athletic  Fields,  parade  grounds,  and  golf 
courses  can  be  controlled  primarily  by  good 
maintenance  practices. 


Exercises  (C51): 

Identify  the  following  statements  as  being  correct  (C)  or 
incorrect  (I).  Explain  why  the  incorrect  statements  are  not 
true. 

 1.  Vegetation  along  the  edges  and  in  the  crack  of 

asphalt  pavement  are  very  difficult  to  control. 


12. In  lawns,  all  undesirable  plants  can  be  controlled 
by  the  application  of  one  herbicide. 


2.  Presurface  treatment  may  be  done  with  a  standard 
highway  watering  truck. 


3.  Care  must  be  taken  during  postsurface  treatment 
to  prevent  injury  to  plants  adjacent  to  the 
roadway. 


4.  When  treating  roadsides,  proper  application  will 
ensure  safety  for  desirable  plants. 


€52.  Cite  details  regarding  integrated  controls  for 
aquatic  vegetation. 

Integrated  Control  Measures  for  Aquatic  Vegc  a. 
The  control  of  aquatic  plants  is  based  upon  the  type  and 
location  of  the  plants  to  be  controlled.  Controlling  aquatic 
plants  presents  many  problems  for  you  because  controls 
often  affect  other  aquatic  life.  Although  chemical  control 
methc  are  most  popular,  most  aquatic  plants  can  be 
controlled  effectively  by  mechanical  methods,  even  though 
ihese  methods  are  generally  more  expensive  and  slower 
than  chemical  methods.  Biological  control  is  also  used  on  a 
limited  basis. 

Mechanical  control.  Mechanical  control  methods  for 
aquatic  plants  include  pulling,  chaining,  dredging,  drying, 
burning,  and  mowing.  The  methods  you  use  should  depend 
on  the  size  of  the  area  type  of  terrain,  and  availability  of 
equipment  and  operators. 
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Pulling  or  raking.  Small  bodies  of  water  can  be 
temporarily  rid  of  aquatic  plants  by  hand  pulling  or  raking 
the  plants  from  the  water. 

Chaining.  Aquatic  plants  can  be  removed  from  canals 
and  drainage  systems  by  dragging  a  heavy  chain  between 
two  tractors  on  opposite  banks.  The  chain  should  be  towed 
in  one  direction  and  then  back  in  the  opposite  direction  to 
be  most  effective.  Dragging  the  chain  through  the  water 
will  detach  rooted  submersed  plants  and  emersed  plants 
from  the  bottom  of  the  body  water.  Once  these  plants 
have  been  detached  from  the  bottom  they  should  be 
removed  from  the  water  by  raking. 

Dredging.  Dredging  seems  to  be  equally  effecti%'e  for  all 
types  of  aquatic  vegetation  but  must  be  used  very 
cautiously.  Equipment  used  for  dredging  should  be 
equip|>ed  with  weeding  forks  instead  of  the  normal  bucket. 
Although  dredging  operations  are  very  effective  for 
removing  aquatic  vegetation,  they  are  not  ver>" 
advantageous  in  other  aspects.  Removing  vegetation  by 
diedgi-^g  also  removes  mud  along  with  the  weeds,  therefore 
enlarging  and  deepening  the  water  holding  area  causing  a 
change  in  capacity. 

Drying.  Many  submersed  aquatic  weeds,  especially  those 
in  hot,  arid  regions  may  be  controlled  effectively  by  drying. 
This  method  is  often  objectionable  because  it  requires 
complete  drainage  of  the  area,  which,  in  most  instances, 
must  be  done  when  the  water  is  needed  the  most. 

Burning.  Burning  is  an  effective  mechanical  control 
measure  for  controlling  young  succulent  plants  along  canals 
and  drainage  ditches.  Burning  is  most  generally  done  by 
searing  the  plants  first,  then  finishing  the  bum  a  week  or 
two  later. 

Mowing,  Providing  banks  are  smooth  enough,  not  too 
steep,  and  relatively  unobstructed,  mowing  can  be  used  to 
control  aquatic  vegetation  growing  along  the  sides  of  canals 
and  drainage  systems.  Specially  designed  power-driven 
weed  saws  and  weed  cutters  can  be  used  to  control  rooted 
submersed  plants  and  emersed  plants  within  bodies  of 
water. 

Chemical  control.  Approved  chemicals  may  be  applied 
n  the  form  of  sprays  or  granules.  Porous  bags  that  contain 
chemicals  can  be  dragged  through  the  water  until  the 
chemical  has  dissolved.  Chemicals  can  even  be  applied 
over  iced  areas  in  the  same  manner  you  would  treat  a  field. 
As  the  ice  melts,  the  chemical  is  released  slowly  into  the 
water.  Copper  sulfate,  if  applied  correctly,  can  be  used  and 
is  very  effective  for  controlling  algae.  Aromatic  oils  are 
also  often  used  for  controlling  aquatic  weeds  in  irrigation 
canals. 

Biological  control.  There  are  certain  fish  and  snails  that 
feed  on  many  aquatic  weeds  and,  at  times,  they  will 
virtually  eliminate  aquatic  weeds  in  ponds  and  lakes.  Carp 
and  sunfish  are  very  important  in  reducing  aquatic 
vegetation  and  the  Marisa  cornuarietis  snail  has  shown 
promise  in  controlling  aquatic  weeds  in  Florida. 


Exercises  (CS2): 
1 .  List  the  mechanical  controls  for  aquatic  vegetation. 


2.  Which   method   is   more   appropriate   to  use  for 
controllini;  aquatic  vegetation? 


3.  How  can  aquatic  plants  be  removed  from  canals  and 
water  systems? 


4.  How  should  acquatic  plants  be  removed  once  they 
have  been  detached  from  the  bottom? 


5.  Removing   vegetation   by  dredging  also  removes 

 along  with  the  weeds,  therefore  enlarging 

the  water  holding  area  causing  a  change  in  the 


6.  Why  is  drying  for  control  of  aquatic  vegetation 
objectionable? 


7.  How  is  burning  most  generally  done  for  ground 
vegetation  control? 


8.  What  method  can  be  used  to  control  aquatic  vegetation 
growing  along  the  sides  of  canals  and  drainage 
systems? 


9.  What  tools  can  be  used  to  control  rooted  submersed 
plants  and  emersed  plants  within  bodies  of  water? 


10.  Approved  aquatic  herbicides  may  be  applied  in  what 
form? 


1 1 .  How  does  biological  control  of  acquatic  plants  work? 
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Answers  tor  Exercises 


CHAPTER  1 


Rcferaice: 


COI 
COI 
COI 
COI 
COI 
COI 

COI 
COI 

C02 


1.  Homes;  hotel?:  restaurants;  bakeries. 

2.  In  cracks  and  crevices  provided  by  buildings. 

3.  On  bits  of  food  people  scatter  where  they  live  and  travel. 

4.  Diarrhea,  dysentery,  typhoid,  food  poisoning. 

5 .  Thr:)Ugh  the  insect's  fecal  nuiteri&l. 

5.  There  are  about  55  species  in  tl'.e  U.S.  Only  5  commonly  infest 
builr'ngs. 

7.  At  night,  warm;  damp;  secluded. 

8.  Ootheca. 

1.(1)  d. 

(2)  b. 

(3)  a. 

(4)  e. 

(5)  c. 


(6)  d. 

(7)  c. 

(8)  a. 

(9)  e. 
b. 
d. 
a. 
c. 
b. 


(iO) 
(H) 
(12) 
(13) 
(14) 


CX)3  -  1 .  Your  list  may  irxlude  any  5  of  the  following: 

( 1 )  Never  leave  food  products  exposed . 

(2)  Keep  garbage  in  enclosed  containers. 

(3)  Eliminate  dripping  faucets  and  pipes. 

(4)  Keep  sewer  openings  cleaned. 

(5)  Inspect  incoming  noerchandise  for  cockroaches  and  eggs . 

(6)  Store  or  discard  empty  drink  ci  ^ntainers . 

(7)  Avoid  needless  trash  accumulations. 

(8)  Exclude  roaches  by  methods  such  as  equipment  design, 
good  screening,  tight-fitting  doors,  and  filling  crack:>  and 
crevices. 

C03  -  2.  Where  they  would  be  unsightly  or  cause  contamination 
problems. 

C03  -  3.  Make  sure  it*s  EPA  registered,  and  read  and  follow  label 

dircf^tions  completely. 
C03  "4.  In  cracks  and  crevices,  under  large  appliances,  and  in  other 

suitable  harborage  areas. 
C03  -  5 .  Because  heavy  infestation  tends  to  be  repellent. 
C03  -  6.  Place  them  in  small  amounts  and  very  close  together  where  they 

can  compete  with  other  food  sources. 
C03  -  7.  Your  list  may  include  any  eight  of  the  following; 

(1)  Cracks  and  crevices. 

(2)  Under  table  tops. 

(3)  Behind  sinks. 

(4)  In  cabinets. 

(5)  In  motor  compartments  of  refrigerators  and  soft  drink 
machines. 

(6)  Underneath  bases  of  kitchen  equipment. 


003 
C03 

C03 
C03 


C04 
C04 


-8 


-9. 


C04 
C04 
C04 


(7)  L!  switch  and  fuse  boxes. 

(8)  Underneath  cafeteria  counters . 

(9)  IncashregUtert. 

(10)  In  vegetable  bins. 

(11)  Around  meat  counters  and  check-out  stands. 

(12)  Anywhere  else  where  conditions  are  favorable. 
Use  ULV  applications  to  supplement  residual  sprays  except  in 
areas  where  residual  pesticide  use  is  prohibited. 
Inside  bureaus,  shelves  in  clothes  closeU,  ceiling  light  fixtures, 
valancca  above  windows,  and  any  other  suspected  hiding 
places. 

10.  Near  steam  pipes,  in  sewers,  grea&e  traps,  damp  basements. 

and  similar  places. 
U .  a.    Under  porches  and  crawl  spaces,  basements,  and  floor 
drains. 

b.    In  abandoned  cisterns,  valve  pits,  and  in  garbage  and  trash 
dumps. 

1 .  The  abdomiiud  pedicel  or  *  *node.  *  * 

2.  This  characteristic  will  separate  ants  from  all  other  insects  of 
similar  general  appearance,  and  the  number  of  segments  and  the 
shape  of  nodes  will  help  determine  the  genus  aiKi  species  of  ants 
involved. 

They  act  as  sensory  organs  for  functions  such  as  touch  and 
taste. 

Ant  larvae  are  legless  and  are  more  or  less  translucent.  They 
arc  gourd  or  squash  shaped  with  the  head  at  the  narrow  end. 
Reproductive  females  (queens),  reproductive  males  (kings). 
an<k  workers. 


-  3. 


-4. 


-  5 


C05  - 

1.  (1) 

c. 

(2) 

b. 

(3) 

e. 

(4) 

f. 

(5) 

a. 

(6) 

c. 

(7) 

d. 

(8) 

b. 

(9) 

a. 

(10) 

e. 

C06- 

1.  T. 

C06- 

2.  T. 

C06- 

3.  T. 

C06  -  4.  F;  dusts  work  best  when  blown  into  nests  and  wall  voids,  or 

other  areas  where  ants  nest  or  hide. 
C06  -  "V.  F;  control  can  be  quite  difficult  and  is  only  likely  to  be  effective 
if  you  can  trace  foraging  workers  to  the  nest's  vicinity. 

6.  T. 

7.  T. 

8.  T. 

9.  T. 


C06 
C06 
C06 
COS- 
C06- 

C07- 
C07- 
007- 
007- 
C07  - 


10.  T. 
T. 


F;  they  also  attack  starched  clothing,  linen,  and  rayon. 

T. 

T. 

F;  both  are  wingless. 
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C07  -  6.  F;  firebrats  prefer  hot.  dry  places. 

COS  -  I .  Inspection  and  food  reduction  (sanitation). 

COS  -  2.   Basements,    attics,    closets,    around    bookcases,  behind 

baseboards,  and  around  steam  and  water  pipes. 
COS  -  3.  Oven  areas,  fireplaces,  boiler  rooms,  and  other  hot.  dry  areas. 
COS  -  4.   Apply  a  space  spray  to  get  them  moving  faster. 

C09  -  I .  F;  Dcrmaptera. 

C09-2.  T. 

C09-3.  T 

C09-4.  F;  5  months. 

C!0-  !.  T, 

CIO -2.  T. 

CIO  -  3.  F;  they  generally  arcn*t  effective. 

CM  -  1.  Five  mm  long,  3  mm  wide,  and  reddish  brown. 

Cll-2.  Greatly  enlarged  and  red. 

CI  1  -  3.  Both  sexes;  Cimex  lectularius,  Cimex  hemipterus. 

CI  I  -  4.  Can  lead  to  nervous  and  digestive  disorders. 

C12  -  I.  A  buggy  odor,  blood  stains  on  sheets,  and  fecal  stains  along 

crevices. 

C12  -  2  At  night. 

C12  -  3.  Gradual  metamorphosis. 

C12  -  4.  It  takes  18  to  56  days,  depending  on  the  temperature. 

C12  -  5.  From  6  to  12  months. 

C12-6.  Year. 

C13  -  1 .  F;  it  is  a  minor  problem. 

C13-2.  T. 

C13-3.  T. 

C13  -  4.  F;  fold  mattresses  and  place  at  a  45**  angle. 

C13  -  5.  F;  open  windows  for  ventilation. 

C13-6.  T. 

C13-7.  T. 

CM  -  I.  (1)  a. 

(2)  b. 

(3)  c. 

(4)  a. 

(5)  c. 

(6)  b. 

C13  -  1.  Apply  residuals  to  floors,  walls,  around  fireplaces  and  dark 

crevices,  in  basements,  and  behind  baseboards. 
C15  -  2.  Cracks;  crevices. 
C15  -  3.  Baits. 
C15  -  4.  Congregate. 
C15-5.  Five;  2;  3. 

C16-  1.  S. 

C16-2.  P.S. 

C16-3.  P,S. 

C16-4.  P. 

C16-5.  S. 

C16-6.  P,S. 

C16-7.  P,S. 

C16-S.  P.S. 

C16-9.  P,S. 

C17  -  1.  Physical,  cultural,  and  chemical  controls. 

C17  -  2.  Hot  water. 

C17  -  3.  Removing  grass  and  leaf  piles,  picking  up  objects  on  the 

grou.id,  and  keeping  the  area  free  of  garbage. 

C17  -  4.  Dry;  ventilated. 

C17  -  5.  Apply  them  to  entire  lawn  and  turf  areas  or  as  a  band  treatment 
around  r building  foundation. 

CHAPTER  2 

CIS  -  1.  Neurotoxin. 
CIS  -  2.   Vesicating  toxin. 
CIS  -  3.  Hemolytic  toxin. 

C19-  1.  (1)  b. 

(2)  e. 

(3)  a. 

(4)  d. 
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(5)  g- 

(6)  c. 

(7)  f. 
(S)  a. 

C20  -  I.  C. 

C20-2.  C. 

C20  -  3.  I.  They  prodijoo  honey  :«ml  p^llcnaic  rton-KMrmi!  plantv,, 

C20  -  4.  I.  It  docs  not  harden  readily  and  remains  pliable  tor  vears 

C20  -  5.  C. 

C20  -  6.  I.  They  cause  seriinis  damage  to  stnictmes. 

C20  -  7.  I.  Deaths  have  K^cn  repoacd  from  bee  stinus. 

C20  -  8  C. 

C2l  -  I     All  bee  -. 
C2l  -  2.  Honeybees. 
C2l  -  3.  Bumblebees. 
C2l  -  4.  Bumblebees. 
C2l  -  5.  Bumblebee.s. 
C2l  -  6.  Honeybees. 
C2l  -  7.  Bumblebees. 
C2l  -  8.  Bumblebees. 

C22  -  I.  If  you  can  handle  bees,  gently  rake  them  onto  a  white  cotton 
cloth,  When  you  have  collected  all  the  bees,  take  them  to  an 
open  field  and  release  them.  If  you  or  someone  in  your  shop 
cannot  handle  bees,  contact  a  beekeeper  to  take  care  of  them  for 
you.  Beekeepers  are  usually  glad  to  get  the  bees  and  you  avoio 
killing  the  bees  with  chemicals. 

C22  -  2.  Application  of  insecticide  dust,  spray,  or  aerosol  will  control 
these  bees;  however,  several  applications  may  be  required.  Dust 
is  probably  the  best  insecticide  to  use  in  this  situation. 

C23  -  I.  Stinging. 

C23  -  2.  Individual. 

C23  -  3.  Insects,  crops. 

C23  -  4.  Vegetation. 

C24-  1.  T. 

C24  -  2.  F;  it  is  used  for  making  holes  for  depositing  eggs  and  for 
stinging. 

C24  -  3.  F;  some  wasps  are  solitary  insects  and  cause  very  little  trouble 

to  humans. 
C24-4.  T. 
C24-5.  r 

C25  -  I .   F;  you  should  treat  in  the  early  morning  or  late  evening  when 

most  wasps  are  still  on  the  nest. 
CIS  -  2.  T. 

C25  -  3.   F;  use  solutions  only  if  they  don't  represent  a  danger  to 

vegetation  or  treated  surfaces. 
C25-4.  T. 

C26  -  I .  They  are  beneficial  in  thai  they  parasitize  certain  insects  and 
arachnids,  but  they  are  far  more  detrimental  because  of  their 
visciousness  and  painful  stings  to  people. 

C26  -  2.   Baldfaced  hornet. 

C26  -  3.   The  white  markings  on  its  body. 

C26  -  4.  They  are  paperlike  as  are  those  of  other  wasps,  but  are 
completely  enclosed  with  a  paperlike  covering,  and  may 
resemble  a  massive  * 'bloated  football*  *  or  "inverted  teardrop.** 

C26  -  5.   Burning  the  nest. 

C26  -  6.   Fire  safety  and  personal  protection, 

C27  -  I.  Get  medical  attention. 

C27  -  2.   You  must  remove  the  stinger. 

C27  -  3.  Tweezers. 

C27  -  4.   Apply  a  paste  of  wate-  and  baking  soda. 

C27  -  5.  Because  it  increases  the  flow  of  venom  into  the  blood  and 
increases  the  inflamed  area. 

C28  -  I.  T. 

C2S  -  2.  F;  very  few  species  in  the  United  States  are  poisonous. 

C2&  -  3.  T. 

C2S  -  4.  F;  they  appear  in  many  parts  of  the  world. 

C2S  -  5.  F;  the  black  widow  is  more  important. 

C2S  -  6.  T. 

C2S  -  7.  F;  both  sexes  are  poisonous. 
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C28  -  8,  F;  a  full  bite  affects  body  functions  as  well  as  creating  a  very 

serious  local  wound. 
C28  -  9.  T. 


C29 
C29 
C29 
C29 
C29 


In  temperate  and  tropical  zoncf;. 

To  paralyze  their  prey. 

Humans. 

Mouthparts;  skin. 

Insiars. 


C30  -  1 . 


C30  - 
C30  - 
C30  - 

C30  - 

C30  ■ 
C30 
C30  - 
C30 

C30  ' 
C30- 


(1) 
(2) 
(3) 
(4} 
(5) 
(6) 
(7) 
(8; 
(9) 


d. 
b. 

a,  e. 
200. 

2-4  weeks. 

They  arc  laid  during  the  summer  and  the  young  reach  maturity 
the  following  spring. 

On  the  underside  of  privy  seats,  in  piles  of  lumber  and  trash, 
and  in  empty  paint  cans  and  buckets. 
Insects;  disturbed. 

The  dark  fiddle-shaped  marking  on  the  carapace. 
One;  five. 

In  houses  and  associated  buildings,  boiler  houses,  schools, 
churches,  libraries,  stores,  and  other  such  buildings. 

10,  Because  they  avoid  the  light  and  are  sedentary. 

1 1 ,  Out  of  doors. 


C31  -  1,   Under  stones,  loose  bark,  in  water  faucets  or  wood  piles,  in 

rodent  burrows,  garages,  storage  buildings,  etc. 
C3 1  —  2,   Frequent  cleaning  to  remove  spiders  and  their  webs. 
C3I  -  3,   Around  windows,  stairs,  closets,  and  all  other  spider  habitats 

both  indoors  and  outdoors. 
C31  -  4,   Inside  parts  of  buildings  which  are  generally  dr>',  littered,  and 

undisturbed  for  long  periods  of  time;  outside,  under  rocks  and 

loose  bark. 

C31-5,  Shake  out  clothing  and  bedding  before  use,  eliminate 
collections  of  papers  and  unused  boxes,  thoroughly  clean  under 
and  behind  furniture,  remove  spiders,  webs,  and  egg  cases  from 
living  and  storage  areas,  and  properly  use  appropriate  general 
use  insecticides. 

C31  -6.  T. 

C31  -  7,   F;  egg  sacs  must  be  destroyed  along  with  the  adults. 

C31  —  8.   F;  use  space  treatments  indoors  only  for  cleanouts  and  to  control 

outdoor  species  found  indoors. 
C31  -  9.  T. 

C32  -  1.    1,2.4,  and  5  are  true. 
C33  -  1.   Four;  one, 

C33  -  2,  Two;  unsegmented;  segmented. 

C33  -  3,  Tail;  stinger, 

C33  -  4.  Straw  yellow, 

C33  -  5.  Nocturnal. 

C33  -  6.  Water. 

C33  -  7.  House;  attics;  walls. 

C34  -  1 .  Insects. 

C34  -  2.  Two  to  3  months, 

C34  -  3 ,  By  cutting  down  on  their  hiding  places. 

C34  —  4.  By  dampening  a  burlap  sack  and  spreading  it  on  the  ground  in 

the  evening. 

C34  -  5.  Diazinon  and  Propoxur. 

C35  -  1 .  Immediately  place  a  ligature  between  the  sting  and  the  body. 

C35-2.  Ice. 

C35-3.  3;  5. 

C35  -  4.  Antivenins, 

C35  —  5,  Obtain  professional  medical  assistance  as  soon  as  possible. 


(4)  b 

^5)  a 

(6)  g 

(7)  h 


(8)  a. 

(9)  c, 
(10)  b. 
(in  e. 

(12)  <\. 

(13)  g. 

(14)  e. 

(15)  f. 

(16)  d. 


C37 
C37 
C37 
C37 
C37 

C38 
C38 
C38 
C38 
C38 
C38 
C38 


C39 


1. 

•  2. 

•  3. 

•  4. 

•  5. 


C40 
C40 
C40 
C40 
C40 
C40 
C40 
C40 
C40 
C40 


Ccntiixdcs,  millipedes,  and  cononcscs. 
Large  centipedes. 

Around  doorways,  window  frames,  and  around  lighting. 
Ornamental  and  turf  pests. 

To  prevent  prolonged  contortions,  which  cause  many  hairs  and 
spines  to  be  shed  before  they  die. 

1.  True, 

•  2,  True, 

•  3,   False;  fatalities  are  low. 

■  4,  True, 

'  5,   False;  they  can  bite  under  water. 

•  6.   False;  it  does  not. 

-  7.   False;  people  fear  snakes  because  they  lack  knowledge  of 

snakes  and  believe  fallacies  that  have  been  passed  down 
through  generations. 

-  1.  (1)  c. 

(2)  a. 

(3)  b, 

(4)  a. 

(5)  c, 

(6)  c. 

(7)  a, 

(8)  a, 

(9)  b, 
(10)  b, 

1,  False;  venom  is  neurotoxic. 

2.  True. 

■  3.   False;  both  are  from  family  Elapidae, 

■  4.  True. 

■  5,   False;  the  cobra  has  a  "hood." 
6.  True. 

•  7,   False;  Arizona  and  New  Mexico. 

•  8.  True. 

■  9,   False;  they  are  secretive. 

•  10.  True. 


C36- 


1.(1)  f. 

(2)  h. 

(3)  c. 


C41  -  1.   a.  Pain. 

b.  Nausea. 

c.  Respiratory  difficulty  (possibly  a  sign  also), 
d-  Visual  difficulty. 

C41  -  2.   a.  Presence  of  fang  puncture  wounds. 

b.  Drooping  of  eyelids. 

c.  Unsteady  gait. 

d.  Slurring  or  speech. 

e.  Swelling  at  puncture  point  (possibly). 

f.  Vomiting, 

g.  Excessive  sweating. 

C42  -  1,  Correct, 

C42  -  2,  Incorrect;  only  a  doctor  or  other  suitably  trained  medical 

personnel  may  administer  antivenin, 

C42  -  3,  Incorrect,  Change  *'2"to  *'l," 

C42  -  4,  Correct, 

C42  -  5,  Correct. 

C42  -  6.  Correct, 

C43  -  I,  Rodent. 

C43  -  2,  Avoid  their  nararal  habitats. 
C43  -  3,   Hip  boots;  flashlight. 
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CHAPTER  3 


C44     I .   Tlicir  ability  to  thrive  in  cultivated  land. 

C44  --  2.  (1 )  Underground  roots  or  stems — Permit  weeds  to  persist  even 
if  seed  production  is  prevented.  Cultr-ation  spreads  pieces 
of  roots  to  other  areas. 

(2)  AbumlaiU  seed  production — Weeds  produce  thousand*:  of 
seeds  that  can  live  from  10  to  50  years. 

(3)  Rapid  growth — Seeds  form  before  control  measures  can  be 
taken. 

(4)  Competitive  ability — Weeds  can  compete  more  successfully 
ihan  desired  plants  for  light  and  nutrients. 

(5)  Unpalatability  to  livei.:cck — Weeds  can  reproduce  and 
spread  without  being  hindered  by  animals, 


C45  ~  1 . 


(1)  e. 

(2)  b. 

(3)  c. 

(4)  g. 

(5)  J. 

(6)  a, 

(7)  f. 

(8)  h 

(9)  d 


(10)  i. 


C46  - 
C46  - 
C46  - 
C46  - 
C46  - 
C46  - 
C46  - 
C46  - 
C46  - 
C46 
C46 
C46 


1.  T. 

2.  T. 

3.  F;  vines  climb  on  o'her  plants  or  sprawl  on  the  ground. 

4.  T 

5.  F;  some  plants  have  both. 

6.  T. 

7.  T. 
8-  T. 

9.  F:  change  "polycots"  to  ••monocots  " 

10.  F;  change  "monocot"  to  cotyledon." 
1 1  .  T. 

1 2 .  F;  change  * ' shallow  and  weak  "  to  '  "deep  and  strong . ' ' 

C47  -  I .   I;  they  separate  from  the  soil  and  are  no  longer  dependent  on  the 
soil- 

2.  C. 

3.  C. 

4.  I;  during  normal  growth  these  plants  will  extend  above  the 
water  surface- 

Identify  the  weed  you  want  to  kill:  select  the  right  herbicide  to 
control  the  weeds  without  harm  to  desirable  plants;  and  mix 
chemicals  according  to  mixing  directions. 

When  herbicides  that  affect  leaves  of  plants  are  used;  they  are 
least  when  low-pressure  liquid  application  are  made  of 
nonvolatile  herbicides. 

3.  With  a  high-pTessure  spray  of  liquid  herbicide. 

4.  Slopes .  bare-  ground,  and  pavements. 

5.  Downward. 


C  47 
C47 
C47 


C48  -  1 . 


C48  -  2. 


C48  -  6.  Wildlife. 

C48  -  7.   Overdoses  and  spillage. 

C49  -  I.  (I)  c. 

(2)  a. 

(3)  b. 

(4)  d. 

(5)  e. 


C50  - 
C50  - 

C50  - 
C50  - 
C50  - 

C50  ■ 
C50  ■ 
C50  ■ 
C50  ■ 
C50  ■ 
C50 
C50 
C50 
C50 

C5I  -  1. 


still  be  used  when 


3. 
4. 
5. 

6. 

•  7. 
8. 
9. 

•  10 
II 


C5I 
C5I  - 
C5I  - 

C5I  ■ 
C5I  ■ 
C5I 
C5I  • 
C5I 
C5I 
C5I 
C5I 

C52 
C52 


T. 

F;  they  are  more  expc^nsive.  but  should 
possible  to  protect  the  environment. 
T. 
T. 

F;  it  has  been  used  to  control  the  rangewecd; actus  moths  have 
been  used  against  the  prickly  pear  pine. 
T. 
T. 
T. 
T. 
T. 
T. 

12.  T. 

13.  F;  burning  adds  nutrients  to  the  soil. 

14.  T. 

I.    Prcsurface    and   postsurface   treatment   is   effective  in 
controlling  these  weeds. 
C. 
C. 

I.  Desirable  plants  may  still  be  damaged  by  leaching  to  the  roots 
and  runoff  from  rains. 

I.  Wind  causes  drift  which  endangers  desirable  plants. 
I.  Only  those  tall  enough  to  reach  the  line.s. 
C. 
C. 
C. 

I.  This  could  cause  erosion;  only  tall  plants  should  be  killed. 
C. 

I.  Broad  leaves  and  grasses  require  different  treatments. 


2. 
3. 

■  4. 

■  5. 

■  6. 

■  7. 

■  8. 

■  9. 

■  10 

-  II 
"  12 

-  I. 

■  2. 


C52  -  3. 


C48 
C48 
C4S 


C52  - 
C52  - 
C52  - 
C52  - 

C52  ■ 
C52 
C52 
C52  ■ 


4. 

5. 
6. 
7. 


9. 
10 
II 


Pulling,  chaining,  dredging,  drying,  burning,  and  mowing. 

It  depends  on  the  size  of  the  area,  type  of  terrain,  and 

availability  of  equipment  and  operators. 

By  dragging  a  heavy  chain  between  two  tractors  on  opposite 
banks. 
By  raking. 
Mud:  capacity. 

Because  it  I'equires  complete  drainage  of  the  area. 

By  searing  the  plants  first,  then  fmisbing  the  bum  a  week  or  two 

later. 

Mowing. 

Specially  designed  power-driven  weed  saws  and  cutters. 
Sprays  or  granules. 

Fish  and  snails  feed  on  many  aquatic  weeds  and.  at  times, 
virtually  eliminate  weeds  in  ponds  and  lakes. 


A'JGAFC..  AL.    {   8'+/079   )  600 

u  s  GovERNMCNT  PRINT. NC  OFnCE-   198** - -7^*6 -0 3?/? 3 0 5  Reeion  ,/^*- 


ERIC 


66 

68d 


SNAKES:  PICTOIIAL  KEY  TO  VENOMOUS  SPECIES  IN  UNITED  STATES 
PART! 


PART  11 
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PART  111 


PART  IV 


I 
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S  I  or>  !.  MAK  II  ANSNM  USIII  I  I  l(>  I  HIS  I  \l  U(  ISI MMHI  U. 

2.  I  Si:  MMBKK  2  i>i:N(  IL  OM  N  . 

i:\  I  lAsioN  ( ()i  ksi:  INS  i  ihm: 
\ oi  AMi:  HI  \  n:\v  i:\i  U(  isi: 

56650  i)l  23 

ISOrSKSlOM).  \  J'NOMOrS  AM)  M:(;K  i  A  !  IM-  IM  S  is 

<  ;ii  rriill\  ic;ul  tlu'  lollo'A  in^: 
i>(>\: 

I  (  lux  k  the  "L'oiirsc.'*  *'\i>limic."  Mini  "loiiir"  lutmlu-i  s  Imni  \\w  au^wcv  sIk-cI  ;uKIic-s  [i\b  AiiA\\\s\  ilic 
•  \  KI-  niivWLM  sIvA-i  KlciililiLaliiHi  luimhcr"  in  llic  riiilillKiiul  ooliitniM>r  iIk- ^hipprnv:  lis!.  1  {  luiiuhci s  do 
nni  mkiUIk  lotiini  llic  answer  sliccl  ;iiui  llic  slii|ipini:  list  lo  I  .('1  i!nnK\li;ilcl >  u  Wh  a  nolc  ol  c\p!analu>n. 

.\    \oic  that  lUMU  nunilHMs      answci  sliccl  aiv  sc».iiic!Uia!  in  each  loUiiiui. 

>     I  so  a  nkxlinin  sliarp  #  2  hlack  lead  pciK  il  lor  iiiai  kitvj  ;inswe!  slicci. 

I  Wiiio  llK*  ldmvlI  answci-  in  \\w  niaiLiin  at  ihc  Icil  o!'  ilu-  ilcni.  (WIkmi  ivxicw  iov  ihc  course 
o\anunalu>n.  \iui  can  cmci  wmr  answers  wiih  a  sirip  nl  paper  am!  ihcn  check  \t>ur  rc\icw  answers 
a'\nns(  \nni  iMiLMnal  chtMces.)  At'ler  you  are  sure  tif  \ tun- answ crs.  iranslcr  (hem  lo  ih<;  answer  shed.  It 
\.n\  lni\(  ti>  chani:e  an  answei'  imi  the  answer  sheet,  he  sine  that  the  erasure  is  complete.  I  se  a  clean 
eia>ei .  But  n\  U>  a\iMtl  any  eiasure  tin  the  answer  sheet  i!  at  all  ptissiblc. 
!  ake  action  to  return  cntne  answc!  sheet  to  I.C*!. 
(>     Keep  \  olnnic  Ue\  tew  l  Actcisc  htuiklet  lor  re\  iew  ami  rercrence. 

li  inmitltuci  tlv  enrollcil  stUilent.  jmoccss  questions  oi  conunctits  ihrouiili  >oiu'  utiit  trainer  or  ( ).ri 
supcixisoi   II  \  i}/uniiiri!y  enrolled  studetit.  sctul  questions  orcoiiHiients  to  l-C'l  on  I  .C'l  l  otni  17. 
DOXTs 

1     l).»n'i  use  answer  sheets  other  than  t>nc  turnishcil  ^pecilicalK  lor  each  ic\u  v\  e\ercisc, 

1  )ou  (  tnaik  on  tlie  answer  sheet  e\cept  to  fill  tn  tnarkmi:  blocks.  Dvuthle  marks  or  e\eessi\e  niarkini:s 
w  huh  oxerllow  marking  blocks  will  tci^isier  as  et  nus. 

^     I  )on't  Ittld,  spindle,  staple.  lai>e.  ov  mutilate  the  answer  sheet. 

I     1  )on'i  use  iwk  or  any  niarkiiii:  other  than  a  #2  black  lc:id  ix*ncil . 

\(>ir:  MMiu  uKi)  li:arm\(;  ohji  chm:  ri:i  i:ui:\c  i  s  auk  i  si  d  on  ihi:  noiami: 

kl'A  IIAX'  K\I':K(ASI\.  hi  jxirenthesis  alter  e;K  h  item  nimihcr  on  the  \  R\\  is  the  l.rdiniir^ 
()hn  i  five  \mnht  r  where  the  answet  to  that  item  can  be  h^cjted.  W  hen  answerniii  the  Hems  on  the 
\  Rl-..  lelcr  to  the  Liuirniir^  f ^/>/Vrn'\cs  itklicited  h>  these  Xnfn/n-iw.  'i  he  \  \<\\  results  will  he  sent  to 
\on  on  a  pv>stcaicl  which  will  list  the  numi/  \  .  iu  ni.\  vou  ini.s.st  il.  Cio  to  the  \  \<\ :  booklet  ami 
locate  the  l.rnrmni:  ( )h/t'i  {i\  i'  Xtanln'tw  ttirthe  items  luisscd  (io  to  the  tc\t  and  carelulU  review  the 
areas  co\eied  In  these  retcrences.  Re\  iew  the  entnc  \  Kl.  a>:am  beloic  \ou  lake  the  closcil-book 
(  omse  1  AaminaiitM). 
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Ml'l.niM.l-.  C  IIOIC  I-. 

\.  '/r  /.  •  SiHilim    ( 'iMisulci      choices  c;nv!  ully  iiiul  soloci  llio  /h  ki  iinsu  ci  in  c\k1i  qiic^non 
I     H  n I  )  j  lnu  main  spct  K  s     ci)ckriKiclios  inv  coninion  [ksIs  iiuliuM s  m  Uk*  I  uilcJ  Smu^s  * 

.1    •>  c, 


( (    J."* )  \\  Inch  ol  ihcsi-  K  iiKilc  cm  kroiichcs  c^in^  ihc  ooihi\  :i  until  the  ci!l»s  ;\\v  '(\kI\  to  hatch". 


.1  ( ici num  cDckioach. 
h     ( )i  uMital  cockitiach . 


c     Ainciican  cvickiviach. 
Australian  ci>ckniach. 


((  (ij)  \\  hich  cockmach  ciinininnly  spivails  hc>iMul  ihc  kitchen  aiul  balhrvmnis  in  inlcsict.!  hi>incs\ 


a    ( Ictin.m  cnckmach. 
h     \incitc;in  ciKkrtKich. 


c     Australian  cnckroach. 

tl     Ri\>\v  n-haiulccl  cockroach. 


I     t(  (P)  Which  i>l  these  ciK-kiiiiiches  is  iWlen  tound  m  such  jilaces  as  hi*:^  imi  walls,  hehiiul  j^icture  IVanies.  and 
neai  motoisnt  ap)'*! iiinces .* 


a    (  )i  iental  ci>ckroach. 
h     Australian  cockroach. 


c     Hrowii-haiKlc*.!  cockroach. 

tl     l*enns\  l  \  aniii  \\  ooiN  cue k roach . 


>  l  oi  pcsticiile  elTeeti\ eness.  you  slmukl  niainl\  iij'^pl)  pesticiiles  tor  cockioacli  control  in 


a  ceihiiij^  ami  basements, 
h     loach  hai boiiiiics. 


c.    hiiih-luiniidit\  areas, 
li.   basehoai\ls  aiul  ilrains. 


(>    (CtiM  An  itlctil  I  net  111  kI  lor  crack  aiul  cre\'ice  treat  men  is  for  ci>ckroaches  iiuoUes 

a  scaliiiij  openmiis.  treatment,  and  insjieetion. 

b  inspection,  v-;alini:  i^jieninLis.  ami  treatment, 

t  tieatnient,  scaliiii:  openiiiiis.  ami  insjieetii>n. 

il  mspectiiM"..  ireaiment.  ami  sealing  ojieninu. 

(( "n  h  '  Am  eiii:"  is  olien  a  lerni  ai^plieJ  to  an  ant 

a     laiva  c  n\mph. 

b     pupae.  d.  aduU. 

S    ((  ()  h  \\  hai  l\  pe  o\  meUinuu  phosis  do  ants  u  ulci  iiv^  / 

a     (\)inplele.  c.  (iradual. 

b     hic*>uipleie .  *^■  Nono. 


(( \\  hich  anis  ina\  be  se\ere  pests  in  hospitals  uhere  lhe\  can  Iced  on  ojKMi  wiuimls.' 


a  ( )doioiis  house  ants, 
b     .\r«jemine  ants. 


c.  niari>ah  ants. 

d.  bield  ants. 


K).   ((  05)  IMiaii>ah  ant  ciWi>nies  are  characteri/ed  as  ha\  itii! 

a  up  lo  lot). noo  workers  and  man\  qiteens. 

b  up  lo  >()n/d(){l  wi>rkers  and  man\  tjiieens. 

c  up  lo  l(H).0()()  workers,  but  or.ly  one  ciueeii. 

d  lip  li^    10.000  workers,  bui  only  one  queen. 
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I  I     i(        \\  lu-ii  \i>ii  ^.in"l  loL.uo  ni  uv;it  ;;nl  iKsis  wlial  [>csnLula!  loi  r.uil.ilion  l.ui  v  ou  us^-  most  cllcctivciv  .' 

A      (  il. mil. lis  L      1  )usts 

h     ,Spi;i\s  ^\  B;iHs. 

I i(  Muu  H'o.uk-.isi  tKMUiKMils  lor  .inl  (.oiurol  in  larL!c  vuiuU'im  -avca-^  ;iu*  h^-sl  .KVoinpl isIk^I  umii!^ 

.1     Diislv  c.    W  cll.ilMo  pow       spr.iv  s 

1^    (ii.MUKils  ^\     l-.nuiNil  iahlc  ovMiLciUi .iirs. 

i  ^    (("n^MW  lKU  IS  the  sIkijk*  ol  sit\ ciiislKiiui  1  uclMals".' 

J  (".moi  DiaiiUMKl. 
U     \\cc[  llc\aL!vMi. 

I  1     (C  U/i  \\  Ik'u-  ilo  silviM  lisii  liarhoi? 

a     l>ik  l  work  tor  a  licalint!  s\s(ciu. 
h     l  ood  s:oiai!c  ami  moist  places. 

lU-hiiul  sto\ L-s  or  aiiHiiul  lircplaccs. 
J     riulci  hoi.iliA  coiulitions. 

I  ^    (( "tiS  )  ( liciuk  al       (rols  lor  •  ilv  crl  ish  and  I'ircbrats       comluctLHl  niuch  like  ctMitrol  nKMsmes  for 

a     Ants.  c .    l  icks  anil  miles, 

b     C  ockio.ichcs.  d.    Sloreddood  pests. 

1       ((  its  t  W  Iki!  l\  pe  o\  eheniieal  treatment  is  noiinall\  used  to  control  sil\  ert'ish 

a     I  .ujuul  le  ailnal  i^esticides  aj^plication.  c.  l'oyi.'ini:. 

I>    Mistmi.'.  ^^1.    Acrosv^lini: . 

1  '     1(1    )  I  ai  \\  i  L's  bcton^i  to  the  oiiler 

a     (>uhopteia.  >^  ■    1  )ci  niaiUera . 

h    (  inicv  d.    1  )omcstica. 

IS    K  UOi  \\  h-ii  t\  pc  nunuhjxnts  do  earw  i)js  ha\  e 

;i     Unim.'  e.  C'liewnr^. 

h     SiukinL'  ^1-  Vacuum. 

I t  C  ■  U  h  W  luMi  spra\  iuL!  lor  earw  ii^s.  w  here  \\  oukl  \  on  spra>  outiUx  m  s 
a     In  ilk*  w  an.M  area  i>nl  \  . 

h     In  the  soil  in  a  r^-lool  hand  arouikl  the  structures  ;ukl  imi  the  loundation  w  all  to  a  heii:ht  oT  2-}  *'eet . 
^     (  )nl\  i>ii  the  lountlation  wall     a  heiizhl  of  2-3  led . 
d    ( )nl\  m  a  ."^  ri>oi  hanil  i>n  the  soil  art>und  the  structure. 

JO.   (C  IO)  W  hat  i niloor  areas  ean  \ou  treat  b\  sprax  ini;  orbt  ushinL;  insecticides  loi"  earw  iii  control? 

a     Hascbo;irils.  c.    Kitchens  ami  bathrt>oins. 

b.    I  tn  inlure  teL!s.  tl.    I  )oor  ami  w  indow  iVames. 
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M     t(  M  )  1 u  lut  i;unii\  cin».'s  i1k'  lunllMii:  bcKMij:  * 

A     Sk\\\  \\.\  siipclUx  lilmni.  ( 'iiniLui:n.*. 

h     lil;iU'll;i  i:crni;imc;i.  l.cspisani. 

a  ■  I  M  \MkiI  spc*.  ics  ol  hLxlhiii^s  IS  pivcloiniiKitc  in  liic  Icinpcralc  regions 

.»    SnjK'll.i  siipkMU^liniiuni.  C'lnu'x  iK'niiplcrus. 

U     lUaU  ll.i  v:».'rni;iniL\i.  vl.    C'nnc\  IccHilarui^ 

;  ^    'A  \2)  W  WwU  ol  iIk'  lollowinL:  cluiraclci islics  \snoi  l\piLal  in  a  bcclbiiii  inlVslalion 

.1     Hii'j'jx  tulor.  t^'.    Blooil  sUiins  on  sIk'cIs. 

b    l>a\iinK'  nio\ cnK'nts.  il-    \         slains  alonL'  liv\  iex's. 

M     ii'il)  I  )cp^-nilini_  on  llic  icnipLMalmv,  liow  long  does  it  lake  lorcon^jMctc  dc\clopn)cnl  oT  a  bccibug  iVoni  cuy  lo 
aihitr' 

.1     \{)  lo  I  S  (la\  s.  IS  lo  5()  cla\  s. 

b     S  lo  1    WLX'ks.  d.  llo2\\ccks. 

((  l  M  I  low  U>uM  w  ill  one  ajiplicalion  ol  an  apjMOvcd  nisLX  liL  iilc  LMUilsit>n  conliol  bcilbugs  / 

,1         ua\  s.  .    I  year. 

b    h  nionliis  il.    More  lhan  I  >car. 

((  '!     In  a  Ix'illnig-inlcsicii  room  \m11i  a  single  bed.  lo  wiial  bcigbl  sboiikl  \oii  spra\  ihc  walls'.' 
;i     >  on  shi>nkl  ircal  bascboaicis  onl\ .  bonrtccl. 

I^     Two  kx'l.  d.    Si\  tccl.  I 

h  i  o  w  bal  onlc!  docs  iIk' crickcl  bcUnig  / 

.1     Orlboplci,..  l.cspisnui. 
b     Ili'nnpUTa.  d.  SujX'lla. 

.\s    (CM)  W  hat  ^.-rickcl  cnlcrs  ibc  lionic  chidlx  in  cold  wcaihcr  * 

.1     lltuisc  Camel 

h     ('a\c  d.  Iciiisalcm. 

»(  l  *^)(  (Mi(iv)l  nvalmcnl  lorcrickcls  in  food  lacilitics  miisi  be  rcsiiiclcd  lo 

.1     Inic  aua  onl\ .  Hal  snrlaccs. 

b    cracks  and  crj\  ices.  d.    ihc  cnurc  room. 

((  I  'S)  I  low  can  you  prcvcnl  cnckcls  tVom  cnicring  buildiiigs'.^ 

a     Kcsidiials.  c.  o-gmg. 

iv    Misiing.  d.  .Aciosoling. 

M     U  ■  Uo  I  low  can  sow  bugs  be  dislinguislied  TaMii  pillbugs 

a    Sowbugs  roll  up  inU^  a  ball. 

b    Sowbugs  ;ne  longer  and  ba\e  a  Hal  head, 
c     Sowbugs  canned  ii^ll  up  inU)  a  ball. 

il     I  hc  sow  bug  is  know  n  as  ihe  *  *ii^l\ -poly " .  t)  9  O 
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((  ■  l(0  W  Ik'U'  au'  pillhui^s  ami  sow  huL's  iisualiv  louiul  uulnors  .* 

a  I  'mk  I  kiK  lK'ii  counters  aiul  ui  halliroonis. 

l>  AiounJ  .mil  Misulc  ijarhauc  containers 

^  Inunulmx  silK  auil  door  1 1 antes. 

(I  In  damp  hasv  incuts  and  ijiouiul  lc\cl  I'loorniiJ. 

^  ^     (( "1  '  )  SowbuL's  and  pdlbuLis  cv Mii^rc i^ati ni:  under  and  hel  A».\  n  outdoor  oh)ecis  can  he  casd\  controlled  h\ 

J  poui  in«'  hoi  w  alei  n\ er  thcni . 

I>  lesidual  pcsticidal  solutiv>ns. 

V  icsidual  pcsticidal  susjicnsions. 

d  appl\  \u\:  a  hand  ircatniciu  around  nearby  buiUlini^s 

^1     ( (  ■  I  7  )  What  IS  ilie  most  appro|iriatc  sitv  sanitation  mctliod  ol  prc\  entmi:  buildups  ol  sow  buijs  and  pillbuLzs 

a  KcinoN       Lirass  and  leal  piles. 

b  Spra\  mi:  hot  w  atei"  over  the  area. 

c  .\ppl\mu  residual  suspension  insectici*.les. 

d  l  .liminalinu  lood  and  w  alcr  sources. 

>^    ( ( ■ '  S )  Most  ai  lhrojiods  and  repiiK:s  in  the  I'nilcd  States  pro».luce 

a     a  ncinoiovin.  »^     a  hemmorhaiiic  lo\in. 

b     an  urticatmi:  \enom.  d.    a  hemolytic  \  cnoni . 

((IS)  \  enoms  that  inhibit  lericvcs  and  may  cause  shock  in  severe  eases  are  elassil icd  a 

J     I  lcmol\tic  to\ms.  ^ .    \  esieatinii  to\ms. 

b     riticaimL!  lOMus.  d.  Neurolo\ins. 

^  '     {(  \^>)  liie  method  ol  en\  enomi/ation  and  the  t\  pe  of  \cnoin  produced  b\  w  asps  are 

a     sim.L's.  hemol\tic.  v--    bites,  neurotovm. 

li     siiuLis.  neuioit>\in,  d.    bites.  heinol\ i ic . 

(( ■  M>)  I  he  method  ot  eiuenomi/ation  ain.1  the  type  ol  venom  produced  l>y  bees  are 

a     simus.  henu>l\lie.  c.    bites,  r.euiolovin. 

b     stmus.  neurolovin.  d.    biles.  heniol\ tic . 

(C  \^\)\  W  Inch  i>r  the  lollow  iiiL^  bees  is  the  most  benerieial  to  huma.ns  i;;  resjvct  to  lood  production  ' 

a     ( \iipenler  bee.  Bumblebee, 
b     llone\hee.  ^b  Kiiiiibee. 

Ui.    ((        .Mlhom^h  all  bees  arc  of  medical  importance .  w  hich  oT  these  is  of  i:reater  concern  because  ot  its  economic 
nnpav  I  ? 

( \iipenler  bee.  Hone\bee. 
b     linmblcbee.  ^1-    Italian  bee. 
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.1  Nc^l  in  iIk*  I'lomul.       \  Ih^Jics.  no  pt)iicn  biiskcl. 

h  Ncs(  in  llic  iinnnul.  luiirv  tiiccs.  pollen  biisktM. 

k  Ncs(  ;ibo\c  i^nniiu!,  hairv  liiccs.  pt)ilLMi  basket, 

u  Nes(  alM)\c  i:tin;nd.  hair>  ImhIics.  wo  pt)llcn  basket. 

I (( ■  M  )  \\  ineh  ol  (he  U)IU)\\  in>!  dcsci  ilx's  ;i  bumblebee 

a  Nes(  \\\  iIk*  iimuful.  liair\  bodies,  no  polleii  baskel. 

b  Nesi  m  (be  ♦^roiuuL  baii\  r;;ees.  pollen  basket, 

e  Nes(  above  i^rtunul.  Iiaiiv  laees.  pt)||en  baskol. 

il  Nesi  ab*u e  iiroiniu .  Iian  \  bt)dies.  lU)  ptillen  basket . 

I  ^    (('-''J)  Sinee  bees  are  niaelixe  at  niiilu.  bee  eontml  measures  slmukl  br  taken 

a  on  a  weekly  basis. 

I)  at  mitMav  when  ihey  are  aeli\e. 

e  when  the  weather  is  nu)l  and  damp. 

i\  in  the  lat alternoon  or  earl\  ev  enini!. 

I  I    (C  \"*J)  hiseelieiilal  dusi  it)  eontrt)|  bees  slu)uld  be  applied  weekly  lor 

a     I  to  2  weeks.  e.  3to4weeks. 

b     J  to  ^  weeks.  d.    4  \o  5  weeks. 

(C  \y>)  W  asps  ;ne  ver\  benetieial  to  humans  in  lot)d  pn)duetit)p  beeause  the\ 

a     produee  honey.  e.    aie  parasiti/ers. 

b    prothiee  beeswax .  d.    are  e\eellent  pt)llinators. 

1()    ((  \^     hi  what  wa>  are  wasps  Dl  iiie  ureatesl  iniportanee  in  atleelini!  tVu)d  produetit)n 

a  I  he\  are  parasites  ol  t)ther  inseels  thai  allaek  erops. 

b  I  he>  are  belter  lhan  bees  in  pollenalini:  plants, 

e  I  he>  parasiti/e  lu-nelieial  plant  pt)lIenators, 

i\  I  he>  ha\e  no  alTeel  on  !ood  prt)duelion, 

1  ■.    t(     1 )  Whieh  ol  the  lollow  inu  siaiemeiils  dcseribes  the  wasp .' 

a     Iwopairs    '  membranous  wiiiiis.  l.    Two  pairs  ot  hair\  w  inizs. 

b    (  )ne  pair  ol  hair\  w  iniis .  d.    One  pair  ormembranous  w  iniis. 

IS    (C     I )  So*.  Kil  w  a^ps  oT  medieal  importance  are  eommonl>  attraeted  by  all  ot  ihc  lolUnvini:  ('\< c/'/ 

a    sweets  e,  fruits, 

b.    liowers.  d.  meats. 

b)    (( )  >'i)u  should  take  measures  to  eontrol  w  asps  by 

a.  usinii  a  spnee  spra\'  applied  w  ith  L'LV  eLjuipmenl. 

b.  knoekm*:  dow  n  ;.nd  erushiiii:  nests  in  the  da\  time. 
e  l..'alini:  the  nest  while  nu)sl  wasps  are  slil!  on  il. 
i\.  nsini^  eullural  et)ntrt>ls  lhal  eliminate  nesiini:  sites. 


M»    i(  ■       1  01  iiiosi  siUKittons,  w       l  IiciiiuhI  huimihilu^n  sluuiM        iiso  !i>  ».ominl  \\;isps  ' 

h     Solunon  I  iiiuImoii 

>  I     a  ■  No  W  I1K  li  t>1  llio  lollow  inj:  siat^'nuMUs  icllo^Ms  Uu'  liabu  »>l  \\w  1m>iik'1  ' 

.1  (  onsli  lu  I  p.ip^  i  I  iko  ncsis  \\  ilh  c\pi>sc».!  N. 

h  ("onsuiu!  ^.'t>nij  iiu  loscd  papcilikc  tu^sls 

V  ( "onstiiu  !  uiikI  iK'^ls  icsciiiblint!  \  ascs. 
i!  M.i\  iiiioilio  :jit>'a»u!  t'Mio^t 

i(  ■'(>)(  )lK'  t»MlK'  I nosl      Icl'Iin    \\a\  s  in  ».-niurol  luM  iu  l  iK'sIs  1^ 

.1  uanoMiiv:  iIk*  lu-sl  ami  nnincrsiiii^  il  in  walci  . 

h  I u nn  vahni:  iIk*  ncsl . 

V  Inn  nniL'  iIk*  ncsl . 
il  ni}ix  I  hiu  ihisl . 

^  ^     I  (  '  ' )  \\  lii'ii  \  »>n  ha\  c  an  ».ai  inLnKlcil  si       m  \  oui'  ai  in  .  \  ^ 1  ^luui  lil 

a  c  n.'ino\ w  illi  IWlWcis. 

b  i  .i.^mlU  Kant>\».*il  a  ilii       sluirp  c<.li2C  ul'a  knilk^v 

t  sc^k  niniKHliak*  nuulical  akl. 

»1  appK  .1  siK  lion   up  m  ivtm^sx*  \Uc  \  cnoin. 

^  1     (I  '  \'  M  \]c  pani  luMii  a  uasj-*  or  h^x*  siinL'  ^'aw  be  iwhiLcd  h\  appl\  ni^  a  paslo  nuulc  \\  itli 

a     inbbnna  akoln>l  and  Hour.  ruhbinu  aUohol  an'J  bakinu  snda 

b     w  aka  antl  t  Unn  .  d.    w  aka  and  bakniii  sntla. 

i(  '.'S)  I  Ik-  iu»»s'  iniptMlanl  spid^a  sp^k  ics  ni  ihc  I  nikkl  Slal».'s  -.wc  \\\  ilk-  >M\Ua  s 

I     /(///««./<  ( /f/N  and /,\(  est/.  ^'     (  /cM/rs  and ( 

b     /  ,>\i;  <  </<  N  and  i.inrinlt'tms .  d.    I'lunu  uinn  and  ( 'tcnu.s. 

>r>     ( t  '.'S )  1  Ik"  1  nosi  nnpva  lanl  poisonous  spulci-  \\  illmi  ihc  I  'nilcd  Slalt^^s  rs  ilic 

a     biouii  K-i  hisc.  b\\w  k  w  idow  . 

b     bi<n\  n  \\  id»>\\  d.  ixklwuk^w. 

■     i(  '"M  \lUnan'li  spid^a  s  arc  \\  01  !d\\  \^\\:  in  disii  il^uiion  .  niosi  arc  buind  in 

a     UMnp».aalc  and  nc-pkal  /»)!k^s.  c.    lonipcrak'  and  meridian  /ones, 

b     n«>pr.  al  ,iml  subn'o-pical  /ones.  d.    nkaidian  and  ir»>pical  /ones. 

j(  ■  ''M  Spiders  beloni:nii:  10  ilie  elass  Aiaehmda  are  idenliMed  as  lia\ 

.1     s».'«jnienled  abdiMnen .  eiL^lil  U\!l!s.  no  w  ini:s  .  and  no  antennae  . 
b    seL'nienled  alnhMnen.  si\  leLis.  no  winjjs.  and  iwo  aniennao 

unseLMiienied  abdiunen.  si\  le^is.  no  \\  iuiis .  aiul      o  antennae  . 
d     nnseunienled  abdomeik  eluhl  leus.  nouln^s.at\d  mwmiennae. 
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< (  ■  n( M  \N  h u  li  ol  ihcsi'  spult'is  is  l(>uii».l  onl\  in  l  ui^i  »uu!  i-.  u  mmII\  hiou  n  lo  lm\'>  in  loIoi  w  ilh  a  vcA  to  oi.ini:^ 
olui  hi  Hii  j'Liss  * 


.1  l>aik  I uliik'-shaj>Lu!  I^;nu!  on  \hc  ii\\\c\\ov  poiiion  (>!  {\\c  Lai;ip:iLC. 

h  I  Ik*  al>iionK*n  is  ilai  k  hiow  n  splolk^  lK-d  \\  nh  \  l'I  low  . 

r  I'siialK  hiow  n  or  uivN  w  ilh  iwl  houi  iilass  niarkini^s 

{{  Not  shin\  hlaok ,  Inil  smokL'N  hhK  k. 

<W     (( ■  ^  I  )  !•  hminalin!:!  all  possihic  Itil\1iiii:  areas  o\'  i^hu'k  w  ulow  aiul  oiIkm  spulcrs  is  kiu>\\  n  as 

a     hioloLMcal  control.  c,    Lullinal  Lonirol. 

I>    I  luank  aK'onlrol.  il.    ph \ sic aK onlroi , 

i(  '  M  )  Insc'i  i k  Ilk*  applications  iisl\1  iikloors  lor  coniollinjj  ^piilcis  arc  iicst  applic<.l  as 

a     spav.\-  ami  repellent  iicatmcnls.  rcsiilvuil  anil  contact  ircalinciHs. 

I)    contact  aikl  sjiacc  ticatnk-nts.  space  ami  lesitlual  lrealnk*nts. 

^>  ^     ((      )  I  he  inetlical  nnporiatke  o\  a  scorpion  is  ileteriniiKkl  In  its 

a     habits  aikl \enoin  poteik  \  .  C.    \enom  potcnev  iHil\ 

h    si/e  ami  \  eik>ni  poteik*\  .  il.    si/conl\  . 

I     ((      )  The  scorpions  ol  ineilical  inipoi  taiicc  are  nk*inhers  ol  iiciuis 

a     I'ltMis  ^^  I'erahviiluis. 

h     liiithns  vl,  CcMtrvirokles. 

^'"^     ((  '  ^  >  n  he  sc  orpion  has  loin"  pairs  ol  Icijs  aikl  a  hoil\  u  ith  t\\  o  di  \  isions. 

a  unscvnienicil  cephalothorax  aikl  unsctiinentcil  aluloincn. 

h  tinscLMnenlcil  cephalothorax  ami  seuiikMiteJ  abdomen, 

c  soLMMenteii  eephalotiioi a \  aikl  sei:inenteil  abdomen, 

d  soi'iuentcil  cejihalothorax  and  uiisCLimented  abdomen. 

f^'^     i(  ^     The  l\\  o  jioisonous  species  ol  scorj^ions  in  the  I  'inted  States  are  t\  picaliN 

a  less  than  I  inch  loni:  ami  siraw -\ ellow  in  et>lor. 

b  1   I  iikhes  loni:  and  brown  to  black  in  color. 
I         ^  inches  loiiL!  and  siraw  -yellow  in  ci^lor. 

il  >  1  Ilk  hes  loiiL!  and  brow  n  to  l^lack  in  color. 

(> 7    (( '  vi )  \\  iiK  h  ol  ih^'  lollow  inj:  is  noi  a  suitable  method  ol  controllini:  scoipioas 

a     Site  sanitation.  c.  Predators, 

b     .\\oklance.  d.  'i'lapjTinL:. 

(>X    ((  U )  The  tw o  residual  insecticides  used  to  control  sci>rpions  are 

a    |ii-opo\ur  and  chlorprilos.  inalathion  and  p\ leihrin. 

b    dia/inon  and  dicbloi  N  i)s.  d.    ilia/im>n  and  piopo\ur. 


a     Ked  w  klow 
b     Black  w  idow  . 


Hi  ow  n  w  idow 
Ui  ow  n  iwluse 


S 


I  (   ;  M  In       in;'  t  si     .u  J  IumI  n  k'  Ml  h  >  j  \  K  1  iin  sIuiil*  In  j  |  m  msmiioiis  ^-v  oi  pu  >ii    \  ou  w  oi 

.1  .ippU  .1  l^MM  iiKllK  l  l>rl\\*.\  n  Ilk'  siiii;:  ;iiul  llu'  ImhK 

h  -ippK        V  oiupi  k'ss^^'s  or  ilk'  sliiii:  .lU'a  In  ».li  aw  oiil  ilk'  \  (.mioiu 

V  imnk  ili>Ui  l\  sw  .ih  llic  sliiii:  aiva  w  illi  aK  ohol 

il  ilo  all  I'l  llir  aho\  y.' 


I)  <( 


« 1  W  hai  IS  ilk"  ciM  u X  1  s^\)ikako  l^r  ihc  lollow  iirj  aclioiis  w  Ik  ii  i.m\  iivj  I  ii  si  aul  lor  a  sc  orpion  slin.L!  / 


I  I  \ppl\  an       pa».  k  lo  ilk'  siini:  siU\ 
(  'i  s«.'».'k  Mk'iiual  aNsisUiiK  v.-  ioi  aini\«.inns. 
(  N»  IMai\-  a  hMiiiikUk'i  lK'l\\*.'cn  ihc  sinii^  'HhI  bi>*.i> 


a     I       I  I  I.  1  N)  c.    (       (  1  I.  i2). 

h     <       I  M.  (  1  ).  d.    .  I),  i/m.  i2) 

I     i(  ■  wo  W  hu  h      lilt's,-  k'pulopicra  larvae  has  a  tlik  k.  ll^sh)  cr.inplcU'l>  ».o\».ivJ  aiui  hkkioii  My  ia\\n>-lo- 

!•!  a\  isjj  I  \»Um  v.  il  hail  s  ' 

a     \\  ink-  luaikcJ  lusso*.  k  iiioili.  e     U)  moih. 

b     Piiss  l  au  ipiUar  ^1     Hrown-iail  luolli. 

i(  >(n  Whkh  ul  tlk'sc  iiu^lh  lar\ac  is  consuUavd  lo  ix-  1k\uiIiUi1-  willi  a  ^.otuhmaUoii  ol  colors  mchkliiiL! 
\i  1  iiiillion.  blac  k .  aik!  \*.'lh>\\ 

\{  )  iimili  Hiow  ii-lail  luoili. 

b     Tii^s  c  aU'rpillai  W  hiK'-iuarkcd  Uissikk  moth. 

■  ;     u  "  ^   I  \\  Ilk  h  oi  ilk-  b>IK>\Mnv:  is  a  us^'liil  piv\cnti\c  eoiilrol  lor  Lciinp*.xL's.  luillipcd'-s.  aiul  concnoscs? 

a     llMiik-  ^amlaiioii  bellow  h^-:hi  bulbs. 

|,     Si  uk  imii'  Coarse' dusis. 

'I         -  Mo,  w  hkh  ol  ilk>M^  pcsis  should  ^our  control  lucasuivs  be  parlu'uhuls  su.U  lo  r.nhkv  pcsi  loss  of  noiihn. 
'.pirk's  ' 

.,     (\nti|HHk-s.  Caicpilla.s. 
I,     \l;ll,iH>k-s  ^1  to.K-noscs. 

^     i(  ;si  I'ois,, lions  siKikcs  williin  iIk-  rnitcd  Stales  aiv  in  ilic  lamilK's 

,     \  ,|HiKla.-a.ulC  olobrulac.  C  olobndac  a.ul  1  ■  papidac . 

I.     ||,,,,ukK- a.ulCVoKilulac.  ^i-    i<  oulac  and  Croial  idac . 

-(,    (( ■  '>Si  W  liK  li  oiii-  nl  tiK-  \o\\o\\  ini:  siaiciiiciits  is  iriic  coiKXTiim;:  snakes  .' 

:i  A  lioisi-haii  ro|x-  docs  luU  slop  a  snake. 

|i  Snakes  ean  l  bile  undeiAvaler. 

I  Snakes  lake  milk  liom  a  eow  . 

,1  ..\  hoop  snake  eliases  people  bv  holdin-  ils  lail  in  ns  nunitli  and  rolling:  over  and  over. 
,.  •     .(        W  liieli  ol  ihe  lollou  inu  snakes  will  seek  eover  quiekl^  uhen  disUnbed.  exeepl  vvhen  il  is  eoine.ed  .' 
Moeeasm  ^  ^    I  lomed  raltlesiiake. 

Iv  Coppeiiiead  i:asiein  diamondbaek . 
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((  ^*M  I  Ik- siKiki.*  \\  hu  h  Ircils  1  ji  eciv  imi  ralM^is  atuKiiuiil  is 

•*>     ((  '  HM  \  Uc  cutal  snake  hc!otii!s  U)  laniii\ 

a     UosliK  luilac.  .    I  ,\L  iihK'. 

h     AnobnikKV  d.  l\la[>idjc 

SU    {{'  \{\)  \\  Ikmv  do  c(Mal  snakes  eoiimionU  habilal 

a     In  HKk  aivas.  c.    I'lider  bai  k  of  dcca\ lui^  loizs. 

b     Auntnd  open,  hillv  iviiioiis.  d.    hi  bushes  or  small  lives. 

SI     I  (  ■  1 1  )  W  lin.li  ol  I  he  rolli>\K  iiiii  s\  niploiiis  tleseril^es  I  he  eu^  enonii/allon      pil  \  ipers 

a     l-Aeessive  sahvalioii  an«.l  svKealiiiu. 

b    ShminL'  i>l  speeeh  and  linuhiiiz  scnsaiion. 

IMonipi  and  piOLjivssive  swehiiii:. 
d     I  )i ot^pun:  ol  e\ ehds  and  niisicadv  uail. 

S.^    U  '  I  h  W  hieli  o\  ilie  tollou  ini:  synijMoiiis  desei  ilx's  liie  env  etiotni/alion  b\  eot  al  snakes  / 

a     liruischke  diseolo! aiion .  .    l.oeal  deea\  ot  lissiie. 

b     Sht>ek.  \oniilini:.  and  nausea.  d.    lAeessi\e  sali\ alion  and  svvealini:. 

S%     K  IJ*)  Nt>  e\lensi\ e  lirsi  aid  itealnieni  is  needed  tof  a  snakebite  it  the  \ielini  ean  reeeive  prolessional  niedieal 
luMhnenl  w  illuii 

a     I il leen  inniules.  l\    one  hour, 

b     ilntl\  nmiutes.  d.    iwo  hours. 

SI     ((I.?  I  InetsuHi  and  suelii>!i  liealnienl  lor  a  snakebite  shi>iild  be  started  w  it  bin 

a     It)  minutes,  hut  tiot  allet  I  lu>u!  . 
b     it)  nnnutes.  l-tut  not  atlet  2  luuns. 

minutes,  but  iu>l  alter  1  lioiu  . 
d     .^t)  mmnies.  but  ni>i  alter  2  hours. 

S^     1(1  ^)  I  lie  best  method  lor  pre\entitii:  snakes  trom  usuii^  a  i:i\ en  area  is 

a  nsnn:  ehli>rinalw  '  lisdriKarbons  as  repellenl  barriers. 

i>  maintammi:  an  elleelive  roclenl  eontrol  pioi:ratii. 

i  liappniL'  and  tiaiispoitini:  poisonous  sj^eeies. 

ii  makmt'  sure  people  sta\  mil  ol  the  area. 

S(»    t( '  I  \)  W  iiat  IS  the  most  impiuiatU  i: ro w  tli  eliaraeleristiv  ol  \veeds'.' 

a     C 'i>mpetili\ e  abil ii\ .  l-.    Abundant  seed  pioclitetion. 

b     kapul  ^uiowth  ability.  d.    Ahi!it\  to  thrive  m  eultiv  ated  land. 

S  7    ((11)  SiMMe  seeds  ol  \  ai  ious  \vceds  ean  last  in  the  soil  \\n  a  niaxinuuvi  ol 

a       \  ears.  e.    2r>  \  ears, 

b     1 0  \  ears.  d .    ^0  \  ears. 
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SN     l(  "        W  h.il  ol  pl.llU  .  pH  »p.l,i.MU'd        sc».\l  0\]\\  .  \\\\\.\\\Cs  1  \\  n  seasons  lo  coiuplclc  Us  icpi  oJulIioii  I 

.1    Aiimi.il  o.  lVi\"iinial 

1^     Hik'iinKil  ti,  SLMiiumiUMl 

.»      \niiM;il  L'  l\M\'iini;H 

Hk'iiin.il.  d.  Scinuiiiiuial. 

•M)     a   U»i  W  Ikh  .nv  LOi\  K«Uons  ' 

.1  (  iliissL's  \\  uh  1  ihltUls  lOOl  s\  slcnis. 

h  I  in\  I^mI  hki.*  siiiu'Uiivs  iliiii  L*nK*i  i:c  iVoiii      iiunalcd  seed. 

V  I  lie  p.n  .il k  l  \eiKilionsol  jji ;iss  le;i\ es . 

il  ( trasses  iImi  are  perennial , 

*)  I     I  ( ■  Uu  W  liieh  o!  I  lie  lol  low  ini:  is  ///>/  a  ^.liaraeieiisii*.'  oT  lierha<.'eons  bi-oadleal  pi  m.(s  ' 

a  11  le  rooi  s\  sieni  is  l  elal  i\  el\  shallow  ami  e\!ensi  \  e. 
h     The  leav  es  are  i  elali  \  el\  w  ide  w  iili  nelled  \  enalion . 

I  lieie  »u  e  iwo  leal -like  sii  ueini  es  ihal  appear  upon  i:erniinalinn. 
il     I  lie  I  e  are  eliisieis  ol  lea\  es  al  I  lie  eiul  ol'  bianehes. 

'^^     U  ■  I  .'  )  low  liai  LZioiip  ol  acjiial  ie  pianls  clo  alLiae  belouii 

a     lineisekl.  e.  Suspen^leci. 

1^     I  loaliiii:  d.  SulinierseJ. 

((  1   1  I  niei  sed  at|uai  k'  plants 

a  use  I  he  l^oiioin  ol  a  l^od\  ol  w  aler  lor  Liernii  nation  vmi1\  . 

h  lloiit  on  the  water  suilaee. 

e  are  hi  in!\  rooted  to  the  soil  aiul  will  evteiul  abo\  e  the  w  atei  surl  ace . 

\1  ronipleie  llieii  entire  hleev^'le  heKw\  the  w  ater  surlat^'e . 

*M     a   IN )  \\  hat  IS  ihe  L  oriVL't  se^juenee  ol'  the  I'ollow  iiii:  steps  \  ou  should  eoiiduet  beloie  \oij  appl\  heibicides".* 

(  I  •  Seleet  I  he  pi  opei  ^  (.[nipinent 

1  '  1  (  lioose  the  I  itjlu  hei  bieide 

(  •  1  ldeniil\  w  eeds  iieedini!  Lontrol. 

(  I  >  Read  the  hei bieide  label . 

( *^  >  I  Man  he  I  bieide  appi  iLal  Ions  aeeordint:  to  the  label . 

a  (S)^  (  I     (4).  e.    (  2  I.  (.'M.  (  1  ).  (4  ►.  (  S). 

Iv    (  M.  (  J),  (h.        M  ).  d.    (2).        (4).  (S).  (  1  ). 

kM*)i  What  type  ol'  herbieide  is  LieneralK  Used  lor  control lin^^  iirasses  and  herbaeeous  bioadleiils  :n  areas  sueh 
as  stoia«je  areas.  hmiber\ards.  and  parkiuL:  lots/ 

.»    ( 'iMUaei .  e.    Soil  sterilant. 

b     rrans|oeali\e.  d.  Seleeti\e. 


1  1 
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;i     NKxlKimcal.  ^  ClKMiiKiil. 

h    liiolo'jK-al.  Naluial  cMiiiLlion. 

W  ha(  is  ilio  ;;/r»\f  pracliLal  iiicl iianical  niclhod  Um' ciMiliiOliiii:  annual  an».l  bKMinial  nn^^hIs  \\o\u  early  spring 
lo  tnhlsinnnK'i  ' 

.1    Mowini:.  Mulcliinu. 
h    IUmmm^l'.  ^1  C*ulli\aiint:. 

(( I)  What  si(uali(Mi  piovuics  ihc        LontlitiiMi  lor  scIclIivc  Lonirol  o\  wccUn  grasses  uiow       tn  icit  I  inasscs 

a     riio  \sooily  urass  is  pLMViinial  anil  ihc  luit  i^rass  is  an  animal. 
U.    i  Ik*  \\«.  ci1\  urass  is  an  annii  '  anil  ihc  lin  f  i:rass  is  a  pLMvnnial. 

I  Ik^  wccily  i^iass  is  a  hiLMinial  ami  ihc  lui  1  urass  is  an  annual, 
il     I  Ih-  i^ia^s  is  an  annual  ami  ihc  imr  urass  is  semiannual. 

o*)    iC^.')  W'lial  IS  ihc  fnn\!  pi^jnilar  aqualic  wcctl  control  measure  ' 

a    ClKMUKal.  Mechanical. 

h    Hioli>i:ical.  Natural  cxiincliiMi. 

Winch  inccliamcal  conlii^l  measure  is  equally  •jlTcclive  iov  all  types  ot  acjuatic  veuetatiiMi? 

.1  Mowmi:.  I)re».lL:inu. 
b     Uurnnii:.  ^1  C*haimnu. 
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STUDENT  REQUEST  FOR  ASSISTANCE 


PRIVACY  ACT  STATEMENT 

AUTHORITY  10  USC  B012  and  EO  9397.  PRINCiPAL  PURPOSES:  TO  Provide  lludent  kttliUnce  as  requctti'd  by  indlvliiudi  ttudcnts.  ROUTINE 
USrS  Thu  form  •»  shipped  with  EC  I  course  PJCkaqo.  It  li  utIIUed  by  the  itudent,  it  needed,  to  place  itn  Inquiry  with  ECl.  DISCLOSURE:  Voluntary. 
The  tnfoiniatlon  requested  on  thii  form  li  needed  for  exPedltl&ui  handlln9  of  the  itudent'i  need.  Failure  to  provide  all  information  would  retult  In 
tlowet  action  or  inability  to  provide  attlttance  to  the  student. 
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Preface 

TfflS  VOLUME  OF  CDC  56650,  Entomology  Specialist,  provides  you  with  general 
knowledge  about  the  following  subjects:  first-aid  techniques,  field  sanitation  and  hygiene, 
self-protection  from  extreme  weather,  woric  party  security,  expedient  field  water  treatment, 
and  vehicle  equipment  qualifications  and  operations.  To  become  qualified  in  contingency 
operationsy  you  must  be  knowledgeable  in  these  subjects. 

Code  numbers  iq[>pearing  on  figures  are  for  preparing  agency  identification  only. 

The  inclusion  of  names  of  any  specific  conmiercial  product,  comnKxlity,  or  service  in 
this  publication  is  for  information  purposes  only  and  does  not  imply  endorsement  by  the  Air 
F6rce. 

Direct  your  questions  or  comments  relating  to  the  accuracy  or  currency  of  this  volume  to 
the  course  author  3770  Technical  Training  Group,  ATTN:  MSgt  Robert  C.  Pletts, 
Sheppard  AFB  TX  7631 1 .  If  you  need  an  immediate  response,  call  the  rudior,  AUTOVON 
736-2879,  between  0800  and  1600  (CST),  Monday  through  Friday.  (NOTE:  Do  not  use  the 
suggestion  program  to  submit  changes  or  corrections  for  this  course,) 

If  you  have  questions  on  course  enrollment  or  administration,  or  on  any  of  ECI*s 
instructional  aids  (Your  Key  to  a  Successful  Course,  Behavioral  Objective  Exercises, 
Volume  Review  Exercise,  and  Course  Examination),  consult  your  education  officer, 
training  officer,  or  NCO  as  appropriate.  If  this  person  can't  answer  your  questions,  send 
Aem  to  ECI,  Gunter  AFS  AL  36118,  preferably  on  ECI  Fonn  17,  Student  Request  for 
Assistance. 

This  volume  is  valued  at  30  hours  (10  points). 

Material  in  this  volume  is  technically  accurate,  adequate,  and  current  as  of  November 
1980. 
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CHAPTER  1 


NOTE:  In  this  volume,  the  subject  matter  is  developed  by  a  series  of  student-centered 
obfectives.  Each  off  these  caries  a  three-digit  number  and  Is  In  boldface  type.  Each  sets  a 
learning  goal  for  you.  The  text  that  follows  the  objective  gives  you  ttie  Information  you  need  to 
reach  that  goal.  The  exercises  following  the  information  give  you  a  check  on  your  achievement 
When  you  complete  them,  see  wftether  your  answers  match  those  In  the  back  of  thia  volume,  if 
your  response  to  an  exercise  Is  Incorrect,  review  the  objective  and  Its  text 


First  Aid  Techniques 


SOMEDAY  YOU  may  save  someone's  life— possibly 
your  own-if  you  know  how  to  give  first  aid.  You've  heaid 
similar  statements  many  times  before,  but  don't  take  such 
statements  lightly.  A  little  effort  on  your  part  right  now 
could  mean  that  one  of  your  buddies  will  not  lose  a  finger, 
a  leg,  or  his  life  later. 

1-1.  Responsibilities 

Since  your  job  takes  you  to  so  many  remote  locations 
around  the  base,  you  may  be  the  only  one  at  tiie  scene  of 
an  accident  or  another  emergency.  One  of  your  first 
obligations  is  to  render  aid  to  diose  who  are  injured.  Your 
actions  in  treating  a  casualty  must  be  immediate, 
th(»x>ugh,  and  correct. 

EOl.  State  your  raqMHudbllities  as  a  flrst-atder. 

Fnndaniratals  of  First  Aid.A5  an  airman,  you  have 
impcntant  reasons  foe  learning  first  aid.  Proper  first  aid 
may  mean  a  vital  mission  accomplished,  rather  than 
missicm  not  accomplished.  Learn  how  to  give  first  aid; 
you  can*t  afford  not  to. 

You  can  easily  learn  the  fundamentals  of  first  aid. 
Highly  technical,  involved  study  is  not  necessary  to 
become  a  capable  first-aider.  You  can  improve  your 
iumdling  of  emergencies  just  by  acquainting  yourself  with 
the  iHOcedures  of  first  aid. 

You  should  discuss  the  procedures  outlined  in  this 
diapter  with  otfier  airmen.  You  should  use  the  ''buddy 
method**  to  pracHce  the  various  steps  outlined.  You  can 
learn  a  lot  more  by  actually  applying  a  splint  to  an  arm 
than  you  can  by  just  reading  about  it. 

You  should  familiarize  yourself  in  first  aid  measui^js 
for  iiyuries  such  as  fisctures  and  chest  wounds,  for 
emergencies  such  as  drowning  and  electric  shock,  and  for 
common  emergencies  ^uch  as  minor  wounds  and 
unconsciousness.  You  should  learn  as  much  as  you  can 
about  first  aid  measures  for  sickness  and  injury  resulting 
horn  industrial  toxic  substances. 

Very  important  are  procedures  dealing  with  assuring 
t^eathing,  preventing  or  treating  shock,  first  aid  for 


electric  shock  or  drowning,  poisonous  plants,  the  effects 
of  heat,  and  the  effects  of  cold.  While  studying  these 
topics,  keep  in  mind  that  skin  color  changes  may  be  too 
subtle  to  recognize  if  Ae  patient  is  darkly  pigmented. 
Therefore,  it  is  necessary  to  carefully  observe  the  iryured 
fen:  these  changes  on  Ae  palms,  soles,  nail  beds,  mucous 
membranes  of  Ae  lips  and  mouth,  arid  mucous  membrane 
which  lines  the  eyelids  and  is  reflected  onto  the  eyeball. 

As  you  know,  first  aid  refers  to  the  treatment  given  the 
sick  and  injured  before  a  trained  individual  can  administer 
regular  medical  or  surgical  treatment.  Personnel  in  the  Air 
Fbrce  medical  service  have  the  finest  medical  equipment 
available,  and  they  are  trained  in  the  most  modem 
methods  of  saving  lives  and  easing  pain.  But  they  can't  be 
everywhere  at  once,  so  in  an  emergency  you  may  have  to 
depend  upon  your  own  knowledge  of  first  aid. 

The  good  first-aider  deals  with  the  whole 
situation — die  person  as  well  as  the  injury.  When  giving 
first  aid,  a  person  who  lacks  sufficient  knowledge  could 
possibly  cause  even  further  iryury  to  an  injured  person. 
Anyone  attempting  first  aid  must  use  care  and  skill. 

In  practicing  first  aid,  your  primary  duty  is  to  know 
what  to  do  and  what  not  to  do.  You  must  keep  calm,  use 
appropriate  first  aid  measures,  and  seek  medical  help  as 
soon  as  possible.  Never  attempt  treatment  that  is  beyond 
your  skill,  and  never  move  an  iiyured  person  unless 
absolutely  necessary. 


Eztttdse  (EOl): 

1.  As  a  first-aider,  what  areas  should  you  familiarize 
yourself  with? 


2.  What  are  alternate  methods  of  determining  skin  color 
changes? 
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3.  What  is  your  primaiy  responsibility  when  practicing 
first  aid? 


1-2.  UfMttVing  Stops  of  First  Aid 

When  you  treat  a  victim,  you  must  carry  out  four 
lifesaving  steps.  Memorize  these  steps  and  learn  the 
simple  methods  of  carrying  them  out.  Bear  in  mind  that 
pionqH  and  correct  first  aid  not  only  speeds  healing  but 
may  also  save  a  life. 

E02.  Name  the  four  lifesaving  steps  of  first  aid,  and 

otete  w9hy  cotSing  or  tearing  is  usually  the  best  way  to 
remove  clothing  firom  the  area  near  a  wound. 

Four  Lifesaving  Steps.To  treat  an  injured  person,  you 
should  carry  out  what  is  known  as  the  four  lifesaving 
steps.  These  steps  are:  assure  breathing,  stop  the 
bleeding*  i»notect  die  wound*  and  prevent  or  treat  shock. 
You  should  memorize  diese  four  lifesaving  steps  and 
learo  tlie  simple  methods  of  carrying  diem  out.  Now  is  the 
time  to  learn  how  to  do  diis.  Pron^k  and  correct  first  aid 
aot  only  speeds  healing  but,  as  emphasized  before,  may 
save  a  life. 

To  treat  a  wound,  begin  by  looking  carefully  at  it — but 
dra*t  touch  it.  Look  to  see  if  there  is  more  than  one 
wound.  If  the  patient  has  been  hit  by  a  flyiiig  fragment  or 
other  missOe,  check  to  see  if  die  missile  came  out  the 
odier  side,  a  conditira  which  would  require  treatment  of  a 
second  area. 

You  must  see  all  of  die  wound  to  find  out  exacdy  where 
it  is,  how  large  it  is,  and  how  much  it  is  bleeding.  Usually 
the  best  way  to  renoove  clothing  is  by  cutting  or  tearing. 
Pulling  clodiing  over  die  wound  increases  the  danger  of 
infection,  and  moving  the  wounded  part  may  make  the 
wound  worse,  as  well  as  cause  needless  pain. 

If  possible »  cover  the  wound  to  prevent  further 
contamination  and  dien  treat  for  shock. 

Exorcises  (E02): 

1.  What  are  die  four  lifesaving  steps? 


2.  Why  is  cutting  or  tearing  usually  the  best  way  to 
remove  clodiing  from  the  area  near  a  wound? 


B03.  From  a  list  of  statements  about  assuring 
breatliingy  identify  tiie  true  statements,  and  staie 
briefly  why  tlie  otiiers  are  false. 

Assure  Breatliing.  When  a  victim  can't  breathe,  any 
other  action  you  take  is  of  littie  value  because  a  lack  of  air 
can  quickly  cause  a  victim's  death.  Thus,  you  must  see 
whether  the  air  passageway  (airway)  is  blocked;  if  it  is, 
you  must  clear  it  and  Iceep  it  clear. 


Check  for  airway  obstructions.  There  are  three  nmn 
causes  for  airway  obstruchons.  The  first  is  foreign  matter, 
such  as  false  teeth  or  liquids,  in  the  mouth  or  throat.  The 
second  is  caused  by  relsjcation  of  the  jaw.  When  the 
victim  is  unconscious,  the  jaw  muscles  relax  anU 
sometimes  allow  the  tongue  to  roll  backward  and  block 
the  throat.  This  is  commonly  called  swallowing  the 
tongue.  The  third  cause  of  airway  obstruction  is  the 
victim's  neck  position.  For  example^  when  a  victim's 
chin  is  close  to  the  chest,  the  neck  is  bent  in  a  manner 
which  ''kinks"  the  throat,  thus  preventing  t^  passage  of 
air.  You  must  be  sure  the  casualty  is  able  to  get  air  to  the 
lungs.  If  necessary,  you  must  clear  the  airway. 

Clear  the  airway.  Clear  the  airway  quickly  by 
swci^ping  your  fingers  deep  into  the  victim's  mouth  to 
remove  froth,  debris,  or  any  other  obstructing  matter. 
Grasp  the  tongue  with  your  fLigers  and  pull  it  forward  so 
that  it  doesn't  obstruct  breathing.  Usually,  you  have  to 
drive  your  fingernails  into  the  tongue  in  order  to  hold  it 
firmly.  Then,  look  into  die  moudi  to  see  wL  ^ther  any 
broken  teeth,  splintered  bone,  or  other  particles  are 
clogging  the  throat.  If  so,  remove  them  by  any  means 
available:  your  fingers,  a  twig,  etc.  Don't  be  slow  and 
careful  now — the  victim's  life  is  ebbiing  out.  Scratches 
you  might  make  in  the  throat  aiie  not  going  to  kill  the 
person,  and  die  scratches  can  always  be  treated  at  ti>e 
hospital.  What  matters  is  to  get  the  airway  cleared 
inunediately .  Anything  else  is  less  important  at  diis  time. 

In  some  instances,  it  may  be  necessary  for  you  to  ''tie" 
a  victim's  tongue  in  the  forward  position  with  a  clamping 
device.  For  example,  if  you  were  alone  and  had  to  restore 
a  victim's  breadiing  and  heard)eat,  you  could  not  possibly 
hold  his  or  her  tongue  at  the  same  time.  One  clamping 
device  you  can  use  is  the  clip  that  holds  your  canteen  to 
your  web  belt.  Another  is  a  s?iety  pin.  Clanq>  the  victim's 
tongue  to  the  lower  lip  as  shown  in  figure  1-1.  When  the 
victim's  airway  is  cleared,  it  must  remain  clear. 

Keep  the  Airway  Open.  You  can  keep  the  airway  open 
by  placing  the  victim's  head  in  a  position  that  stretches  the 
throat  to  what  is  called  the  sword-swallowing  position 
(sec  fig.  1-2).  Use  the  thumb  jaw  lift  mediod  or  the 
two-hand  jaw  lift  method  that  figure  1-3  illustratt^s.  Even 
if  the  victim  is  on  his  or  her  stomach  or  side,  place  his  or 
her  head  so  that  the  throat  is  stretched  away  from  die  chest 


Figuze  1-1.  Clamping  the  tongue. 
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Figure  1-2.  Sword  swaPowing  position. 

to  allow  air  to  pass  to  the  lungs  (see  fig.  1-4).  When 
someone  stops  breathing,  establish  and  maintain  an  open 
airway  at  once. 

Exerdses  (EOS): 

Identify  fiach  true  statement  by  writing  •'true**  in  the 
apace  provided;  briefly  explain  why  the  others  arc  false. 

 1.  A  victim  who  can't  breathe  will  undoubtedly  die 

in  a  short  period  of  time. 


Figure  1-4.  Stretch  the  neck. 


2.  The  main  causes  of  airway  blockage  in  a  victim 
are  tongue  swallowing,  neck  bending,  and 
foreign  matter  in  the  mouth  or  throat. 


THUMB  JAW-LIFT 


3.  Of  more  importance  than  how  you  clear  a 
blocked  airway  is  the  fact  that  it  is  cleared. 


.  4.  In  some  situations,  a  victim's  tongue  must  be 
held  in  the  forward  position  by  mechanical 
means,  such  as  safety  pin  or  shoe  string. 


5.  Placing  a  victim's  head  in  the  sword-swallowing 
position  means  placing  his  chin  close  to  his 
chest. 


TWO-HAND  JAW-LIFT 


6.  There  are  two  variations  of  stretching  the 
victim's  neck:  tlie  thumb  jaw-lift  and  two-hand 
jaw-lift  methods. 


7.  Checking  for  obstructioiis  and  opening  and 
maintaining  an  open  airway  are  the  primary  steps 
of  assuring  breathing. 


Figure  1-3.  Thumb  and  two-hand  jaw-lifta. 
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E04.  Match  given  statements  about  a  bleeding  victim 
with  the  types  of  bleeding  and  the  best  methods  to 
control  that  bleeding. 

Stop  Any  Bleeding.  Similar  to  the  need  for  assuring 
that  a  victim  can  breathe  is  the  need  to  stop  any 
bleeding — the  victim's  life  is  at  stake.  A  person's 
uncontrolled  bleeding  can  result  in  severe  shock  and 
death.  To  control  or  stop  any  bleeding »  you  must  first 
know  the  three  main  types  of  bleeding. 

Types  of  bleeding.  Types  of  bleeding  are  classified  by 
the  kind  of  blood  vessel  that  has  been  cut.  Therefoie,  they 
are  called  arterial,  venous,  and  capillary  bleeding.  In 
arterial  bleeding,  the  most  dangerous  kind,  you  see  a  large 
amount  of  bright  red  blood  and  a  spurting  or  pumping 
action  as  the  blood  leaves  the  wound.  When  a  vein  has 
been  cut,  causing  venous  bleeding,  a  large  amount  of  dark 
red  blood  flows  from  the  wound  without  the  spurting 
action  which  characterizes  arterial  bleeding.  In  capillary 
bleeding,  the  blood  oozes  or  flows  very  slowly  from  the 
wound.  Remember  these  signs.  Your  doing  so  may  help 
you  select  the  best  method  to  stop  the  bleeding  of  a  victim . 

Controlling  bleeding.  Before  you  treat  a  bleeding 
victim,  first  check  to  see  whether  there  is  more  than  one 
wound.  It  would  be  senseless  to  take  great  pains  to  stop 
bleeding  from  one  wound  while  the  victim's  life  was 
draining  away  from  another  wound.  To  stop  bleeding, 
you  first  q>ply  direct  pressure  to  the  wound.  Preferably, 
use  a  surgical  dressing  from  a  first  aid  pack;  but  if  one  is 
not  available,  use  anything  you  have.  Obviously,  you 
want  to  be  sure  the  dressing  is  as  clean  as  possible.  Place 
the  dressing  directly  over  the  wound  and  press  firmly. 
Continue  this  pressure  as  long  as  necessary,  and  use 
additional  dressings  if  required.  If  the  wound  is  on  the  arm 
or  leg,  you  can  place  the  victim  on  his  or  her  back  and 
elevate  the  limb.  The  elevation  tends  to  reduce  circulation 
to  diat  limb  and,  thus,  slow  down  the  flow  of  blood. 
However,  do  not  attempt  to  do  this  if  the  victim  has  other 
injuries  on  that  limb  (for  example,  broken  bones), 
because  moving  that  limb  could  cause  further  injuries  and 
unnecessary  pain  and  increase  the  danger  of  shock. 

Pressure  points.  In  addition  to  applying  pressure 
disecdy  on  the  wound  and  elevating  the  wound,  you  can 
apply  pressure  at  one  of  several  pressure  points.  Figure 
1*5  shows  the  location  of  these  point.  Place  your  Hnger 
lighdy  where  you  think  the  pressure  point  is.  If  you  feel  a 
pulse  beat  similar  to  a  throbbing,  you  are  right  on  it.  Then, 
use  the  heel  of  your  hand  or  fingertips  your  to  press  hard. 
Continue  this  pressure  until  any  blood  gushing  from  the 
wound  ceases.  If  you  release  pressure  and  bleeding  starts 
again,  reapply  the  pressure.  One  warning  about  pressure 
points:  in  cases  of  head  woimds,  where  pressure  points  are 
conunonly  used*  be  sure  NOT  to  press  on  both  neck 
pressure  points  at  the  same  time.To  do  so  will  block  the 
flow  of  blood  to  the  victim's  brain  and  eventually  result  in 
death. 

Tourniquet.  Use  a  tourniquet  only  as  a  last  resort,  and 
only  after  all  other  methods  of  controlling  the  bleeding 
have  failed.  Usually,  tourniquets  are  applied  only  in  cases 
of  extreme  arterial  bleeding.  Apply  a  tourniquet  only 


when  you  assume  that  there  has  been  a  great  loss  of  blood 
and  that  any  further  loss,  even  in  a  small  quantity,  will  be 
fatal.  In  other  words,  act  on  the  assumption  that  it  is  better 
for  a  victim  to  lose  a  limb  than  a  life.  As  soon  as  possible 
after  you  have  applied  a  tourniquet,  get  the  victim  to  a 
hospital.  Under  no  circumstances  should  the  tourniquet  be 
loosened  by  anyone  except  a  physician,  who  can  stop  the 
bleeding  by  surgical  methods. 

When  you  apply  a  tourniquet,  always  place  it  near  the 
joint  (knee,  elbow)  closest  to  the  wound  and  between  the 
wound  and  the  heart  because  the  gushing  arterial  blood  is 
coming  directiy  from  the  heart.  Tighten  your  tourniquet 
only  as  much  as  needed  to  stop  the  spurting  blood  flow. 
Place  it  as  close  as  possible  to  the  wound  but  above  it, 
except  in  cases  of  bleeding  below  the  knee  or  elbow.  In 
these  cases,  place  a  tourniquet  just  above  the  knee  or 
elbow.  When  possible,  protect  the  victim's  skin  by 
placing  the  tourniquet  over  a  smooth  sleeve  or  trouser  leg. 
Figure  1-6  shows  the  exact  procedure  for  applying 
tourniquets.  If  at  all  possible,  stay  with  the  victim,  and 
check  the  tourniquet  frequentiy  to  see  whether  it  has 
slipped  and  whether  there  is  any  sign  of  further  bleeding. 
Should  the  bleeding  resume,  or  the  tourniquet  slip  out  of 
place,  tighten  or  readjust  it  as  necessary.  In  cold  weather, 
because  there  is  a  very  real  possibility  of  cold  injury  to  a 
victim's  injured  limb,  protect  the  limb  with  anything 
available:  a  blanket,  jacket,  etc. 

Again,  be  sure  that  the  victim  gets  qualified  medical 
treatment  as  soon  as  possible.  You  must  also  be  certain 
that  medical  personnel  can  see  that  a  tourniquet  has  been 
applied.  To  do  this,  you  could  write  the  information  on  a 
piece  of  paper  and  attach  it  to  the  victim's  clothing,  or  you 
could  write  the  infomiation  on  the  victim's  forehead, 
face,  or  other  readily  seen  body  part. 

Exercise  (E04): 

1 .  Match  the  statements  in  column  A  with  the  types  of 
bleeding  in  column  B,  and  with  the  best  method  to 
control  that  bleeding  in  column  C,  by  writing  the 
column  B  and  column  C  letters  in  the  space  provided. 
Each  item  in  columns  B  and  C  may  be  used  more  than 
once. 


Column  A 

(1)  A  victim  has  blood  spuiting  from 
a  lower  leg  wound. 

(2)  A  victim  has  dark  red  blood  com- 
ing fro  a  cut  on  the  forehead. 

(3)  A  victim  with  e  wound  on  the  up- 
per right  nrm  is  pumpii^  blood 
past  the  bone  fragments  sticking 
out. 

(4)  Blood  is  rapidly  flowing  from  a 
cut  at  the  left  side  of  a  victim*s 
head.  Your  effoits  at  direct  press- 
ure have  failed. 

(5)  A  victim  has  a  large,  ugly  open 
wound  in  the  leg,  and  blood  is 
slowly  coming  from  the  wound. 

(6)  A  victim  has  stepped  on  a  board 
with  a  nail  in  it,  and  the  wounded 
foot  has  blood  oozing  out  of  it. 


Column  B 

Artcti  1, 
Venous. 
Capillary. 


Column  C 

A.  Direct  pressure. 

B.  Pressure  point. 

C.  Tourniquet. 


EKLC 


7M 


Column  A 

(7)  Dismounting  from  the  bed  of  a 
pickup,  an  airman  slipped  and  hit 
hisherchinonthetailgate.Thercisa 
deepcutonthechin,andbloodisflo- 
wingfromthcwound. 

(8)  An  accident  victim  has  been  cut 
on  the  left  shoulder  by  a  piece  of 
glass,  and  the  blood  is  flowing 
slowly  from  the  wound. 

(9)  A  CE  constructios  woricet  has  se- 
vered three  fingers,  and  blood  is 
vigorously  flowing  from  the 
wound. 

(10)  You  are  late  for  work.  While 
8h«vtng  you  make  a  deep  cut  on 
your  cheek.  The  blood  is  running 
smoothly  from  your  cheek. 


EOS*  State  the  purpose  for  protecting  wounds^  and 
define  ^^drcssing"  and  ^^bandage." 

Protect  the  Wound.  Protecting  a  wound  from 
infectionn  and  from  further  injury  constitutes  the  third 
lifesaver  step.  You  must,  of  course,  keep  this  important 
first  aid  measure  in  mind  throughout  the  treatment  of  any 
victim. 

A  dressing  is  a  pack  or  padding  placed  directly  on  the 
wound.  A  bandage  is  used  to  hold  the  dressing  in  place  or 
create  pressure  to  stop  the  flow  of  blood.  Bandages  should 
never  be  placed  directly  on  the  wound.  Always  try  to  use 
sterile  dressings  from  a  first  aid  pack;  and  only  as  a  last 
resort  use  other  material  such  as  strips  torn  from  a  shut. 
While  dressing  a  wound,  avoid  touching  it  with  your 


VOUND  OF 
LOVER  FACE 
(BELOV  EYES) 


WOUND  OF 
LOVER  LEG 


Figure  1-5.  Pressure  points. 
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hands  and  do  not  handle  the  side  of  the  dressing  that  goes 
next  to  the  wound.  Do  not  pull  clothing  over  the  area  to  be 
treated  because  it  could  infect  the  wound  further.  Instead, 
tear  out  cut  clothing  away  from  the  injured  area.  If  you 
have  a  regular  first  aid  wound  pack  available,  follow  the 
instructions  printed  on  the  back  of  the  package. 

Remember,  when  bleeding  is  severe,  immediately 
cany  out  measures  to  stop  the  bleeding  by  applying 
dressings  and  bandages;  and  prevent  or  treat  shock  in  all 
casualty  situations. 


Exercises  (EOS): 

1 .  What  is  the  purpose  of  dressing  a  wound? 


2.  V/hat  is  a  dressing? 


3.  What  is  a  bandage? 


^06.  Specify  whether  given  statements  correctly 
define  shock  anci  shock  treatment;  if  any  statement  is 
incorrect,  briefly  slate  why. 

Prevent  or  Treat  Shock.  Although  treatment  of  shock 
is  listed  as  the  fourth  of  the  lifesaver  steps,  you  actually 
begin  treating  for  shock  simultaneously  with  stopping 
bleeding.  Shock  exists  in  several  forms,  the  least 
dangerous  of  which  is  the  temporary  shock  caused  by 
pmn,  fright,  horror,  or  the  sight  of  blood  of  other  severely 
injured  persons.  Such  temporary  shock  may  result  in 
fainting,  and  the  victim  recovers  quickly  with  no  further 
effects.  Far  more  dangerous  is  the  type  of  shock  caused  by 
severe  injuries  or  bleeding.  Unless  treated  properly  and 
promptly,  this  type  shock  is  most  often  fatal.  Normally, 
the  severity  of  shock  corresponds  to  the  severity  of  •lie 
injury.  Also,  delayed  shock  is  not  uncommon  and  may  set 
in  several  hours  after  an  injury  has  occurred.  Don't  be 
overly  concerned  with  determining  the  type  of  shock;  just 
follow  the  golden  rule:  treat  for  shock  with  any  injury. 
You  never  hurt  a  victim  by  treating  for  shock,  and  even  if 
they  show  no  sjonptoms  whatsoever,  you  have  no  way  of 
knowing  whether  delayed  shock  may  set  in. 

Symptoms  of  shock.  A  victim  feels  shock  as  a  great 
weakness  of  the  body.  The  outward  symptoms  arc  cold 
and  clammy  skin,  shallow  breathing,  lackluster  eyes,  and 
apprehension  or  restlessness.  Also,  the  victim  may  be 


MUKC  A  LOOP 
AROUND  THE  LIMB; 
TIC  WITH  SQUARE  KNOT 


PASS  A  STICK.  SCABBARD. 
OR  BAYONET  UNDER  THE 
LOOP 


TIQHTCM  TOURNIQUET 
JUST  CNOUOH  TO  STOT 
ARTERIAL  SLECDINO 


BIND  FREE  END  OF  STICK 
TO  LIMB  TO  KEEP  TOURNIQUET 
FROM  UNVVINDINQ 


Fisure  1-6.  Applying  a  toumiquet^/  |  ^ 
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excessively  thirsty,  retching,  vomiting,  or  hiccupping, 
and  be  dry  around  the  mouth  and  lips.  The  victim  is 
probably  going  to  be  pale  and  wet  with  perspiration  and 
may  gasp  for  air  and  lose  consciousness.  In  the  final 
stages,  most  victims  become  listless  and  apathetic  and  die 
in  deep  shock. 

Action  to  take.  In  casr.  of  severe  injury,  it  is  imperative 
that  treatment  for  shock  be  started  immediately.  The  first 
steps  in  shock  prevention  and  treatment  are  to  reassure  the 
iqjured  person  and  make  him  or  her  as  comfortable  as 
possible.  Place  the  victim  flat  on  his  or  her  back  on  a 
blanket  or  any  other  material  available.  Handle  the  victim 
gently,  remove  all  bulky  items  from  his  or  her  pockets, 
and  loosen  the  belt  and  clothing.  Move  the  victim  as  little 
as  possible .  Ycu  can  reassure  a  victim  by  being  gentle  and 
calm.  Nervousness  on  your  part  transmits  itself  to  the 
victim  and  may  increase  die  degree  of  shock.  Also,  do  not 
let  the  victim  see  his  or  her  injuries  or  the  injuries  of  others 
involved  in  tbt  same  accident.  Give  tl^  victim  as  much 
water  to  drink  as  he  or  she  wants,  except  when  he  or  she 
has  a  stonuu:h  wound.  However,  do  not  give  alcohol  in 
any  form.  When  a  victim  has  a  stomach  wound,  you  may 
moisten  his  or  her  lips  with  a  damp  cloth.  An  unconscious 
victim  should  be  placed  on  his  or  her  stomach,  face  turned 
Id  one  side  to  prevent  choking  should  he  or  she  vomit. 
This  placement  is  called  the  shock  position.  Keep  the 
victim  warm  by  covering  him  or  her  with  anything 
available,  and  be  sure  to  place  somediing  under  the  victim 
as  protection  because  the  ground  may  be  wet  or  cold.  In  a 
hot  climate,  place  the  person  in  ttie  shade,  widi  his  or  her 
hcc  away  fkom  direct  sunlight.  Finally,  remember  tfiat 
shock  is  a  serious  condition  and  that  yov.  should  get 
qualified  medical  help  as  soon  as  possible.  You  treat  for 
shock  in  all  cases  of  injury  or  disaster. 

When  you  have  assured  the  breathing,  stopped  the 
bleeding,  protected  the  wound,  and  treated  for  shock,  you 
have  completed  the  four  lifesaver  steps.  Your  job  is  not 
done,  however.  You  must  continue  to  wstch  the  victim, 
insuring  as  best  as  you  can  that  he  or  she  stays  alive  to  be 
treated  by  medical  personnel.  Remember  the  four 
lifesaver  steps;  they  are  the  basis  of  all  your  other  actions 
in  first  aid. 


Exerdses  (E06): 

For  each  of  the  following  statements  which  is  correct, 
write  **true**  in  the  space  provided.  For  each  staten^nt 
which  is  incorrect,  briefly  state  why. 

 1.  Shock  must  be  treated  immediately. 


 2.  When  you  treat  victims  for  shock  when  they 

aren't  really  experiencing  it,  you  cause  little  or 
no  additional  injury  or  emotional  trauma. 
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3.  Hot,  dry  skin  is  indicative  of  shock. 


4.  Unconsciousness  can  be  a  good  indicator  that  a 
person  is  in  shock. 


 5.  A  victim  who  is  undergoing  shock  can  be  given 

water,  or  wine  with  little  or  no  side  effect. 


 6.  Any  injured  person  should  be  protected  from  the 

elements  of  weather  and  kept  warm,  particularly 
if  shock  is  suspected. 


 7.  The  shock  position  means  the  victim  is  on  his  or 

her  stomach  with  his  or  her  head  turned  to  the 
side. 


8.  You  begin  treating  a  person  for  shock  after  you 
have  assured  breathing,  stopped  the  bleeding, 
and  protected  the  wound. 


1-3.  Moving  and  Transporting  Injurod  Porsonnol 

Frequently,  a  seriously  injured  person  must  be  moved 
immediately.  Knowing  how  to  move  a  casualty  is  one  of 
tibe  most  important  parts  of  your  first  aid  treatment. 
Careless  or  rough  movement  can  increase  an  injurt  and 
nuiy  cause  the  victim's  death.  Unless  there  is  a  good 
reason  for  immediately  moving  casualties,  such  as 
removing  them  from  a  bumhig  aircraft,  do  not  move  or 
transport  Aem  until  medical  help  arrives.  On  the  odier 
hand,  since  there  may  be  situations  where  you  have  to 
move  a  person  yourself,  you  must  know  Ae  different 
ways  of  moving  them.  You  already  know  that  you  always 
give  any  necessary  first  aid,  including  splinting  fractures, 
before  you  move  a  victim.  What  you  must  leam  now  are 
mettiods  of  constructing  improvised  litters  and  executing 
numual  carriers.  Because  movement  by  litter  is  most 
desirable,  the  section  begins  with  it. 

EOT,  Given  hypothetkal  sttuatioiis,  adect  the  most 
appropriate  methods  of  transporting  Injured 
paraoond. 

Littert.  Transporting  of  victims  is  a  critical  point  in 
evacuating  diem  from  the  field  to  medical  facilities.  Since 
this  movement  is  critical,  you  should  use  a  litter 
(stretcher)  whenever  possible.  Using  a  litter  not  only 
nudces  it  easier  for  you  to  cany  a  victim  but  also  makes  the 


Figure  1-7.  Standard  litters. 


journey  safer  and  more  comfortable  for  the  injured. 
Remember  that  back  and  neck  fracture  casualties  must  not 
be  moved  except  on  a  litter.  Basically,  there  are  two  types 
of  litters  with  which  you  must  be  familiar  standard  and 
inq>rovised. 

Standard  litter.  A  standard  litter  consists  of  a  frame,  a 
cover,  and  accessories,  such  as  poles,  legs,  and  securing 
8tnq>s.  Oenerallyt  such  litters  as  those  shown  in  figure  1-7 
are  readily  available  and  suited  for  moving  any  victim. 
When  a  standard  litter  is  available,  use  it.  In  situations 
where  no  litter  is  available,  you  must  construct  one. 

Improvised  litter.  An  improvised  litter  is  simply  a 
substitute  for  a  standard  litter.  It  is  constructed  from 


whatever  materials  are  available.  Here  are  four 
inqrovised  litters  that  you  can  construct  very  easily: 

a.  Pole  and  blanket  titter.  A  blanket,  poncho,  shelter 
half,  tarpaulin ,  or  other  material  can  be  used  for  the  bed  of 
a  pole  and  blanket  litter.  The  poles  can  be  made  from  such 
objects  as  strong  branches,  ten^les,  riflest  etc.  Figure 
1  -8  is  a  good  example  of  this  type  of  litter.  It  would  be  best 
not  to  transport  back  or  neck  fracture  victims  on  ttiis  type 
of  litter  unless  they  are  face  down. 

b.  Pole  and  jacket  litter.  Illustrated  in  figure  1-9  is  an 
example  of  how  you  can  use  two  or  three  shirts  or  field 
jackets  to  make  a  pole  and  jacket  litter.  Button  up  the 
jackets  and  turn  them  inside  out  so  that  the  lining  is 


Figure  1-8.  Pole  and  blanket  litter. 
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Figure  1-9.  Pole  ind  jicket  Utter. 


outside  and  the  sleeves  are  inside.  Then  slide  the  poles 
duough  the  sleeves.  Again,  it's  best  not  to  use  this  for 
transporting  back  and  neck  firactuie  casualties  unless  ttiey 
are  face  down. 

c.  Door  or  board  litter.  To  mabo  a  door  litter,  you  use 
any  flat  surfaced  object  of  a  suitable  size,  such  as  cots, 
window  shutters,  doors,  benches,  ladders,  boards,  or 
poles  tied  togetfier.  Even  the  hood,  door,  or  windshield 
fiom  a  vehicle  will  work.  You  should  pad  this  litter  if 
possible.  When  you  can,  use  this  improvised  litter  to 
transport  neck  and  back  fracture  victims. 

d.  Blanket  roU  litter.  When  you  can't  find  poles  or 
material  to  make  a  door  litter,  you  can  roll  a  blanket, 
shelter  half,  or  poncho  from  both  sides  to  the  center,  as 
shown  by  figure  1-10.  Use  the  rolled  material  as  grips 
when  carrying  the  injured.  You  can  use  this  litter  with  all 
victims. 

Pattiiig  the  Ii^nred  on  the  Utter.  At  this  point,  you 
know  how  to  make  and  use  a  litter,  and,  obviously,  you 
know  ttiat  at  least  two  people  should  carry  a  litter.  As  a 
minimum,  two  people  are  needed  to  place  the  victim  on  a 
litter.  You  and  another  person  could  move  a  victim  from 
the  ground  to  a  litter  (See  fig.  1-11)  in  this  way: 

a.  You  and  your  assistant  kneel  on  one  knee  on  the 
same  side  of  die  victdm. 

b.  You  dien  slide  your  arms  under  the  victim.  Note  that 
one  of  you  slides  your  arms  under  die  victim's  hips  and 
legs  and  diat  the  other  slides  his  or  her  arms  under  the 
victim's  shoulders  and  back. 

c.  In  a  joint  effort,  you  lift  die  victim  to  a  hei^t  even 
with  your  knees.  Use  care,  insuring  diat  die  victim's  head 
doesn't  drop,  and  keep  die  victim  as  straight  as  possible. 

d.  The  final  step  is  to  place  the  victim  on  the  litter.  To 
do  this,  you  lower  die  perscm  to  the  litter  by  reversing  the 
procedure  you  used  to  pick  the  person  up. 


Figure  1-10.  Blanket  role  Utter. 
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Manual  Carries.  Manual  carriers  are  tiring  for  the 
carrier  and  involve  the  risk  of  increasing  the  seriousness 
of  the  victim's  injury.  The  methods  of  manual  carry  that 
are  explained  here  can  be  used  for  conscious  and 
unconscious  victims.  Bear  in  mind  that  a  victim  should  be 
transferred  to  litter  movement  as  soon  as  possible  and  that 
back  and  neck  frscture  injuries  must  be  transported  only 
by  litter. 

Two-man  arm  carry.  Remember  the  technique  we  used 
to  move  a  victim  from  the  ground  to  a  litter?  The  first  three 
steps  of  diat  technique  are  the  same  for  the  two-man  arm 
cany  (fig.  1-12).  Once  you  have  the  victim  at  a  height 


Figure  1-11.  Two  penon  Utter  lift. 


equal  to  your  knees,  you  and  your  assistant  rise  to  your 
fyst  in  a  smooth,  joint  effort.  As  you  rise,  lift  the  victim 
and,  by  pulling  your  arms  in,  roil  the  individual  towaid 
your  chest.  You  can  use  diis  technique  with  just  about  all 
types  of  iiyuries. 

Two-fumd  cany.  This  method  is  ideally  suited  for  for 
caiTjring  victims  with  injuries  of  the  head  or  feet,  and  it 
may  not  be  as  tiring  for  the  carriers  as  the  two-man 
arm-cany: 

a.  With  the  victim  lying  on  his  or  her  back,  you  and 
your  assistant  kneel  on  opposite  sides  of  the  victim*s  hips. 

b.  You  both  slide  your  arms  under  the  casualty — one 
arm  goes  under  the  thighs  and  the  other  under  the  arms 
and  behind  the  back.  As  you  reach  through,  you  and  your 
assistant  grasp  wrists  as  shown  in  figure  1-13. 

c.  You  and  your  assistant  rise  together  and  lift  the 
iii|)uied  person. 

Fireman's  carry.  This  technique  is  ideal  when  you 
must  move  a  victim  by  yourself  and  you  are  not  exposed 


to  enemy  gunfire.  To  use  it,  follow  the  steps  shown  in  fur. 
1-14.  * 

a.  Begin  by  turning  the  victim  face  down  on  the 
ground.  Stand  at  his  or  her  head  and  kneel  on  one  knee 
with  his  or  her  head  between  your  legs. 

b.  Place  both  hands  under  the  victim's  armpits  and  slide 
your  hands  down  the  his  or  her  side  so  that  they  meet  at  the 
smell  of  his  or  her  back.  This  acton  raises  his  or  her  head 
to  your  shoulders. 

c.  From  this  position,  you  now  grasp  or  hug  the  victim 
and  pull  him  or  her  to  the  kneeling  position. 

d.  Once  the  victim  is  in  the  kneeling  position,  take  a 
firmer  grip  across  his  or  her  back  and  lift  him  or  her  t  >  the 
standing  position. 

e.  Once  the  victim  is  standing,  you  support  him  or  her 
by  placing  one  arm  around  the  waist.  You  then  grasp  the 
wrist  farthest  away  from  you  and  fold  the  victim's  arm 
across  his  or  her  midsection. 

/.  You  are  now  ready  to  load  the  victim  to  the  carry 
position.  Keep  your  grip  on  the  victims  waist  and  wrist 


Figure  1-13.  Two-hand  carry  (front  view). 

and  m  we  slightly  to  the  front.  As  you  move,  bend  at  the 
waist  and  pull  the  wrist  you  are  holding  around  the  back  of 
your  neck.  Release  the  victims  waist,  and  with  your  arm 
encircle  his  or  her  leg. 

g.  At  this  point,  you  must  U!»e  caution  not  to  strain 
yourself  by  lifting.  Remember  to  lift  with  your  legs  as  you 
return  to  the  standing  position.  You  maintain  your  grip  on 
the  victims  wrist  and  leg  as  you  lift. 

h.  After  you  reach  the  standing  position,  you  can  carry 
the  victim  easier  by  grasping  his  or  her  wrist  with  your 
hand  which  encircles  his  or  her  legs. 

Pistol-belt  drag.  This  method  (see  fig.  1-lS),  although 
only  useful  for  short  distances,  is  ideal  to  move  a  victim  to 
a  location  which  offers  cover  and  concealment  so  that  you 
can  use  the  fireman's  carry.  To  use  the  pistol-belt  drag, 
follow  these  steps: 

a.  Extend  two  pistol  belts  to  their  fullest  length.  Join 
them  together  and  lay  them  on  the  ground  in  a  straight  line 
next  to  the  victim. 

b.  Roll  the  victir^  to  his  or  her  back  so  that  he  or  she  is 
lying  at  about  the  middle  of  the  extended  pistol  belts. 

c.  Reach  across  the  victims  chest»  grasp  the  free  end  of 
the  pistol  belt,  and»  by  pulling  it  to  you,  join  the  open 
pistol  belts  together  to  form  one,  large,  continuous  loop 
around  the  victim's  chest  and  back.  Be  certain  the  belt 
goes  under  his  or  her  armpits. 

d.  Lying  on  your  side  with  your  back  to  the  victim,  slip 
your  upper  shoulder  through  the  loop.  Roll  away  from  the 
victim  to  your  stomach.  Then  crawl  away  dragging  the 
victim  witfi  you. 

When  transporting  the  sick  and  wounded,  move  a 
victim  as  little  as  possible.  You  must  always  be  sure  to 
treat  any  injury  before  you  try  to  move  a  victim. 
Remember  your  four  lifesaving  steps  throughout  the 
period  of  movement,  and  tnrat  symptoms  as  they  occur. 


Column  A 

 (1)  During  a  severe 

windstorm  at  your  base,  a  CE 
maintenance  man  is  blown  off  the 
tide  of  a  building.  He  it  lying  on 
hit  stomach,  on  the  ground  next  to 
tl.  buil-ling. 

 (2)  On  a  camping  trip,  one 

of  the  two  friends  that 
acconq>anied  you  falls  and  break 
his  legs.  It  is  nearly  5  mi««^  to  the 
nearest  toad. 

 (3)  During  a  base  defense 

exercise,  a  securitypolic  vehicle 
ovettums  on  the  base  perimeter. 
The  driver  was  throwi  from  the 
\^cle  and  landed  with  his  back 
against  a  concrete  drain.  The  two 
passengers  are  both  shaken  up  but 


Column  B 

a.  Standard  litter. 

b.  Improvised  htter. 

c.  Two- man  arm-carry. 

d.  Fireman's  carry. 

e.  Pistol'belt  drag. 


Exerdfle  (EOT): 

1 .  Match  each  hypothetical  situation  in  colunm  A  with 
the  best  method  of  transportation  in  column  B  by 
writing  the  column  B  letter  in  the  space  provided. 
Cohimn  B  items  may  be  used  only  once. 


STEP  5 


STEP  6 
Figure  1-14.  Fireman's  cany. 
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Figure  1-15.  Pistol  belt  drag. 


,  Column  A 

odienvise  uninjured.  The  vehicle 
It  bumingt  and  the  driver  must  be 
moved  quickly  to  prevent  being 
buined. 

 (4)  In  a  laid  on  a  missile 

launch  facility  terrorists  have 
wouzKled  your  team  member.  The 
victim  is  lying  on  the  open  about 
10  feet  from  the  culvert  you  are 
hiding  in. 


1-4.  Extraim  WMttier  Protection 

The  very  nature  of  your  duties  exposes  you  to  the 
extremes  of  weather.  Regardless  of  where  you  are  now 
8tati<Hied,  you  undoubtedly  have  heard  how  miserable  the 
heat  or  cold  can  make  a  tour  of  duty .  Unfortunately,  either 
of  these  weather  elements  can  also  cause  you  a  very 
severe  injury.  In  this  section,  you  are  presented  the 
actions  to  take  when  confronted  with  an  injury  caused  by 
the  heat  or  cold. 


EOS.  Given  statements  about  treating  conditions 
caused  by  heat,  identify  the  true  statements,  and 
correct  any  fiabe  statements. 

Heat  Conditions*  Heat  cramps,  heat  exhaustion,  and 
heatstitdce  are  tlie  most  prevalent  conditions  resulting 
fiom  exposure  to  heat.  These  conditions  are  your  body's 
leacticm  to  both  internal  and  extemal  factors.  The  harmful 
efifects  diey  create  talce  place  because  your  body  becomes 
oveilieated  and  cannot  dispose  of  tfaMB  excess  heat.  All 
tiuee  of  diese  reactions  are  associated  with  your  body's 
loss  of  large  amounts  of  water  and  salt  as  a  iiesult  of  very 
heavy  perspiration,  for  instance,  vigorous  athletic 
Gcnnpetition,  manual  labor,  or  strenuous  exercise  in  a  hot 
atmo8[diere. 

Hetit  cramps.  These  are  involuntary,  painful  muscle 
spasms  and  pains,  similar  to  those  you  would  experience 
with  a  **chiuiey  horse/'  Heat  cramps  are  primarily  the 
result  of  your  body  *s  loss  of  salt  or  an  insufficient  intake 
of  salt.  Heat  cramps  may  often  be  a  compounding  factor 


to  heat  exhaustion;  thus,  you  must  watch  for  their  telltale 
signs  and  take  appropriate  first  aid  measures: 

a.  Symptoms.  Heat  cramps  most  often  affect  the 
muscles  in  the  legs  and  stomach  first.  A  sudden,  violent 
cramp  is  the  main  indication. 

b.  Aid.  To  relieve  the  pain  of  a  heat  cramp,  you  take 
eittier  of  the  following  actions: 

(1)  Exert  firm  pressure  on  the  affected  area  with  your 
hand. 

(2)  Gently  massage  the  muscle  spasm. 

When  the  spasm  has  reduced,  give  (he  victim  sips  of  water 
containing  1  teaspoonful  of  salt  per  4  ounces  of  water. 
This  treatment  is  continued  for  about  an  hours. 

Heat  exhaustion.  This  condition  is  a  fainting  or  body 
weakness  due  to  drinking  an  inadequate  amount  of  water 
to  replace  that  which  your  body  loses  through 
perspiration.  Heat  exhaustion  is  more  severe  than  heat 
cramps.  Therefore,  immediate  recognition  and  treatment 
are  needed: 

a.  Symptoms.  The  symptoms  of  heat  exhaustion  are 
headache,  excessive  sweating,  dizziness,  and  muscle 
cramps.  Also,  the  skin  is  pale,  cool,  moist,  and  clammy. 
Heat  exhaustion  may  come  on  gradually  or  suddenly. 

b.  Aid.  Give  a  victim  of  heat  exhaustion  the  following 
first  aid,  immediately: 

(1)  Lay  the  victim  in  a  cool,  shaded  area  and  loosen  his 
or  her  clothing. 

(2)  If  the  victim  is  conscious,  give  the  victim  cool  salt 
water  to  drink.  Prepare  the  salt  water  by  dissolving  two 
cmshed  salt  tablets  (1/4  teaspoonful  of  table  salt)  in  a 
canteen  (quart)  of  cool  water.  The  victim  should  drink  3  to 
S  canteenfuls  during  a  period  of  12  hours. 

Heatstroke.  Heatstroke  can  be  fatal.  It  is  your  body's 
violent  reaction  to  extremely  high  temperatures  and 
nudfunction  of  the  ability  to  sweat.  Heatstroke  is  the  most 
severe  heat  condition.  Immediate  recognition  and 
treatment  are  essential  to  life: 

a.  Symptoms.  The  first  sign  of  heatstroke  may  be 
st(^>page  of  sweating.  This  causes  the  sldn  to  feel  hot  and 
dry.  Collapse  and  unconsciousness  may  come  suddenly  or 
may  be  preceded  by  headache,  dizziness,  fast  pulse, 
nausea,  vomiting,  and  mental  confusion.  It  is  necessary  to 
woric  fast  to  save  the  life  of  a  heatstroke  victim.  The  heat 
regulators  of  the  body  have  been  damaged,  and  the  body 
temperature  may  rise  quickly  as  high  as  lOS""  F. 

.  Aid.  Take  the  following  first  aid  measures  for  a 
heatstroke  victim,  immediately: 

(1)  Immerse  the  victim  in  the  coldest  water  available. 
If  ice  is  available,  add  it  to  the  water. 

(2)  If  a  cold  water  bath  is  not  possible,  get  the  victim 
into  the  shade,  remove  his  or  her  clothing,  and  keep  the 
entire  body  wet  by  pouring  water  over  it.  Cool  further  by 
fuming  the  wet  body. 

(3)  Transport  the  victim  to  the  nearest  medical 
treatment  facility  at  once,  and  continue  to  cool  the  body 
on  tfie  way. 

(4)  When  tbc  victim  becomes  conscious,  give  him  or 
her  cool  salt  water  to  drink  in  tfie  same  manner  as  you 
would  to  a  heat  exhaustion  victim. 
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Exerdse  (EOS): 

If  one  of  the  following  statements  about  treating  heat 
conditions  is  true,  mark  it  true  in  the  space  provided.  If  a 
statement  is  false,  correct  it. 

 1 .  Heat  ciamp  victims  should  be  treated  quickly  to 

reduce  pain. 

 2.  A  gentle  squeezing  action  on  the  contracted 

muscle  of  a  heat  cramp  victim  should  alleviate 
the  cramp. 

 3.  A  victim  suffering  from  heat  exhaustion  may 

first  exhibit  signs  indicative  of  heat  cramps. 

 4.  A  person  exhibiting  signs  of  profuse  sweating 

ans5  cool  skin  should  be  treated  as  a  victim  of 
heatsuoke. 

 5.  Treating  a  heat  exhaustion  victim  is  simply  o 

matter  of  reducing  the  body  exposure  to  heat  and 
replacing  body  fluids  and  chemicals  lost  through 
perspiration. 

 6.  A  heat  exhaustion  victim  should  drink  96  to  160 

ounces  of  mild  salt  water  in  the  6  hours  following 
the  onset  of  the  condition. 

 7.  A  heatstroke  victim  is  in  critical  condition  and 

must  be  treated  immediately  to  prevent  death. 

 8.  Immediate  aid  for  a  heatstroke  victim  could 

include  attempting  to  reduce  body  heat  by 
placing  the  victim  in  the  nearest  water  or 
spraying  the  victim  with  water  from  a  garden 
hose. 

 9.  A  victim  of  heatstroke  should  be  transported  to  a 

medical  aid  facility  when  he  or  she  regains 
consciousness,  and  treatment  should  be 
continued  en  route. 

E09*  Given  statraMiits  about  treating  cold  weather 
henries,  identUy  the  true  statements  and  correct  any 
fidse  statements. 

Cdd  Conditions.  The  extent  or  severity  of  an  injury 
caused  by  exposure  to  extreme  cold  weather  generally 
varies  with  such  factors  as  temperature,  humidity,  wind 
velocity,  and  wind  type.  Of  the  conditions  presented  here, 
frostbite  is  usually  considered  most  severe  and  most 
conmion.  Nevertheless,  trenchfoot,  immersion  foot,  and 
snow  blindness  are  not  mild  conditions. 

Trencftfaot.  Trenchfoot  is  an  injury  that  results  from 
fairly  long  exposure  of  the  feet  to  cold,  wet  conditions. 
Generally  this  happens  at  temperatures  from  freezing  to 
50°  F.  If  you  are  also  inactive  (such  as  when  standing  in 
one  spot  on  your  post),  the  possibility  of  developing 
trenchfoot  is  even  greater.  Trenchfoot  can  be  very 
serious;  it  can  lead  to  a  loss  of  the  toes  or  parts  of  the  feet. 
A  frequent  symptom  of  trenchfoot  is  numbnes*^.  There 
may  also  be  a  tingling  or  aching  sensation  or  cramping 
pain.  If  exposure  of  the  feet  has  been  prolonged  and 
severe,  they  may  swell  so  tightly  that  pressure  closes  the 
blood  vessels  and  cuts  off  the  circulation.  Should  you 
develop  trenchfoot,  dry  your  feet  thoroughly  and  get  to  a 
medical  treatment  facility  by  the  fastest  means  possible .  If 
tiansportation  is  available,  avoid  walking. 


Immersion  foot.  Immersion  foot  is  similar  to 
trenchfoot.  It  results  from  immersing  the  feet  in  water  or 
constant  wetness  of  the  feet  for  a  long  time— usually  in 
excess  of  12  hours.  Immersion  foot  develops  more  rapidly 
if  the  water  is  below  50°  F.  It  can  occur,  however,  when 
the  feet  are  exposed  to  warm  water  for  a  period  exceeding 
24  hours.  In  immersion  foot,  the  soles  of  the  feet  become 
wrinkled  and  white;  standing  or  walking  beco:nes 
extremely  painful.  Other  portions  of  the  body  also  may  be 
similarly  affected.  Shoidd  you  develop  immersion  foot, 
dry  your  feet  thoroughly  and  get  to  a  medical  treatment 
facility.  You  should  observe  the  same  walking  precaution 
as  is  observed  for  trenchfoot. 

Snow  blindness.  Snow  blindness  is  t!ie  effect  that  glare 
from  an  icefield  or  snowfield  has  on  the  eyes.  For 
instance,  the  parking  ramp  or  launch  facility  may  produce 
such  a  glare.  This  condition  can  occur  even  in  cloudy 
weather.  In  fact,  it  is  more  likely  to  occur  in  hazy,  cloudy 
weather  than  when  the  sun  is  shining.  You  can  recognize 
the  early  stages  of  snow  blindness  by  a  scratchy  feeling  in 
the  eyes  when  the  eyelids  are  closed.  Should  you  develop 
snow  blindness,  cover  your  eyes  with  a  dark  cloth  to  shut 
out  all  light.  Then,  have  someone  take  you  to  a  medical 
treatment  facility  at  once. 

Frostbite.  Frostbite  is  die  injury  of  skin  tissue  caused 
by  exposure  to  cold.  The  body  parvs  most  easily 
fiiostbitten  are  cheeks,  nose,  ears,  chin,  forehead,  wrist, 
hands,  and  feet.  Frostbite  may  involve  only  the  skin,  or  it 
may  extend  to  a  depth  below  the  skin.  Deep  frostbite, 
which  is  much  more  serious  ttian  skin  frostbite,  requires 
different  first  aid  to  avoid  or  minimize  the  loss  of  parts  of 
the  fingers,  toes,  hands,  or  feet.  Frostbitten  skin  is 
whitish,  stiff,  and  numb,  rather  than  painful.  For  this 
reason,  you  must  watch  one  another's  face  and  hands  for 
signs  of  frostbite.  If  a  body  part  has  been  numb  for  only  a 
short  time,  the  frostbite  probably  involves  only  the  sldn; 
otherwise,  assume  it  to  be  deep: 

a.  Frostbite  of  the  skin.  Take  the  following  actions 
whenever  frostbite  of  the  skin  occurs:  (NOTE:  DO  NOT 
warm  or  rewarm  frostbitten  parts  by  such  measures  as 
massage,  exposure  to  open  flame,  cold  water  soaks,  or 
nibbing  with  snow.) 

(1)  Parts  of  the  face.  Cover  the  frostbitten  part  with 
your  warm  hands  until  pain  returns. 

(2)  Hands.  Place  your  hands  next  to  your  skin  in 
cqyposite  armpits. 

(3)  Feet.  In  the  most  sheltered  area  available,  place 
your  bare  feet  under  the  clothing  and  against  the  abdomen 
of  another  person. 

b.  Deep  frostbite.  As  we  stated  earlier,  if  your  body 
pait  has  been  numb  for  only  a  short  period  (5  to  10 
minutes),  you  treat  yourself  for  skin  frostbite.  Otherwise, 
take  the  following  actions: 

(1)  Get  to  a  medical  treatment  facility  by  the  fastest 
means  possible.  If  transportation  is  available,  avoid 
walking. 

(2)  Protect  the  frostbitten  body  part  from  additional 
injury,  but  do  NOT  attempt  to  treat  it  or  thaw  it  in  any 
way. 
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Thawing  increases  the  possibilities  of  infection,  further 
damage,  and  gangrene  (rotting  skin).  There  is  less  danger 
of  walking  on  your  feet  while  they  are  frozen  than  after 
they  have  been  thawed.  Thawing  may  occur 
spontaneously  during  transportation  to  the  medical 
focility,  but  ttiis  cannot  be  avoided  because  your  body  In 
general  must  be  kept  warm. 

Exercises  (E09): 

Identify  the  true  statements  in  the  following  list,  and 
correct  any  false  statements. 


4. 


5. 


Drying  your  feet  and  seeking  medical  aid  are 

about  the  only  measures  a  first  aider  can  take  for 

trenchfoot  or  immersion  foot. 

Trenchfoot  is  caused  by  prolonged  exposure  of 

the  feet  to  moisture  and  cool  weather. 

Snow  blindness  treatment  consists  of  covering 

the  eyes  and  seeking  medical  aid. 

Frostbitten  skin  is  whitish,  stiff,  and  numb, 

rather  than  painful. 

A  deep  frostbite  victim  should  be  protected  from 
further  exposure,  without  thawing  the  affected 
body  part,  and  taken  to  medical  aid. 
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CHAPTER  2 


Field  Hygiene  and  Sanitation 


PERSONAL  HYGIENE  and  sanitation  are  of  real 
impOTtance  when  an  organizational  unit  is  working  in  tfie 
field.  When  you  live  in  the  field  apart  £rom  noodem 
cleanLng  facilities^  you  muat  give  extra  cate  and  attention 
to  hygiene  activities. 

You  should  already  know  that  untreat^  psychological 
injuries  can  have  a  s^ous  impact  on  tlie  effectiveness  of 
an  individual  and  a  unit.  Lack  of  persc^nal  hygiene  and 
sanitation  can  have  a  similar  impact  on  individual  and  unit 
effectiveness. 

a-1.  Hygtoiw  and  HMith 

An  efficient  military  unit  is  a  carefUUy  planned, 
well-organized,  well-trained  fighting  team.  It  is  a  team 
that  carries  no  substitutes.  When  any  team  member  is 
absent  or  sick,  teamw<»k  suffers.  Carelessness  of  one 
member  of  die  unit  in  regard  to  his  personal  hygiene  can 
lead  to  disease  which  incq)acitates  the  entire  unit. 

ElO.  Indicate  whethw  given  statemeuta  concerning 
penonal  hygtene  are  trne. 

Meaning  (rf  Ptraonal  Hygiene.  Personal  hygiene  is 
the  practice  of  healdi  rules  by  the  individual  to  safeguard 
his  cr  her  own  healdi  and  the  healdi  of  odiers.  Penonal 
hygiene  is  often  thought  of  as  being  the  same  as  personal 
cleanliness,  but  cleanliness  of  the  body  is  cmly  one  of 
many  aspects  of  all  personal  hygiene.  All  personnel 
fictions  directed  toward  maintaining  personal  health  are  a 
]Smn  of  personal  hygiene. 

Health.  You  belong  to  a  group  whose  physical 
condition  is  as  carefully  guarded  as  the  most  vital 
wei^ns  system.  The  purpose  of  this  concern  is  to 
maintain  your  eflbctiveness.  Remember —  this  is  group 
protection.  The  Air  Force  can  go  just  so  far.  Your 
pezsonal  health  and  welfare  stUl  depend  upon  your  own 
good  care  and  good  sense. 

Anytime  you  do  not  feel  perfectly  well,  or  when  you 
believe  diat  you  have  a  disease  of  any  kiiul»  you  should 
report  to  sick  call.  Don*t  wait  to  see  whether  the 
vyn^Moou  get  worse.  Diseases  are  niost  readily  spnsad  in 
their  eaiiy  stages.  Often,  before  you  feel  really  sick,  you 
maQT  be  a  source  of  infaction  to  your  friends.  IXm*ttry  to 
treat  yourself.  Neariy  all  medicines  nuiy  be  harmfkd  in 
TOtMllfJ  hands. 

If  you  have  a  cold,  a  headache,  diarrtiea  (loose 
bowels),  sore  eyes,  a  body  rash,  or  a  fever,  report  to  sick 
call  Immediately. 


Diet.  PhydicaUy,  man  is  the  product  of  what  he  eats. 
Great  care  is  exercised  to  make  sure  that  balanced  menus 
are  provided  to  keep  you  in  good  health.  An  interesting 
point  to  understand  here  is  that  the  C-ration  issued  to  you 
in  most  field  operations  is  a  balanced,  nourishing,  and 
adequate  menu.  It  is  your  responsibility  to  cat  enough  of 
the  various  food  items  to  nuuntain  your  health  and  vigor. 
Proper  variety  in  food  io  essential  to  your  health.  You 
ihould  know  the  variety  of  foods  necessary  for  physical 
well-being.  The  human  body  requires  nutrition  from  each 
of  seven  food  groups: 

•  Milk  and  milk  products. 

•  Leafy  green  and  yellow  vegetables. 

•  Butter  or  fortified  margarine. 

•  Bread  and  other  cereal  products. 

•  Meat,  fish,  poultry,  and  eggs. 

•  Oranges,  tomatoes,  and  grapefruits. 

•  Potatoes  and  other  vc^jetables  and  fruits. 

When  possible,  you  should  eat  foods  from  each  of  these 
seven  food  groups  daily.  This  diet  should  help  you  to  keep 
alert,  healdiy,  and  vigorous.  (Eat  everything  edible  in  the 
C-ration  for  field  operations.)  Proper  diet  is  extremely 
in^ortant  to  your  body  under  normal  conditions.  When 
you  are  in  the  field,  proper  diet  is  even  more  important  to 
maintaining  health,  because  a  properly  balanced  diet 
helps  your  body  increase  resistance  to  infection. 

Mental  Health.  Mental  disorders  may  be  as  disabling 
as  are  physical  diseases.  When  you  are  incapacitated  by 
coinbat  fatigue,  you  are  as  much  a  casualty  as  is  the 
Individual  with  malaria.  Both  mental  health  and  physical 
healdi  make  up  your  total  health.  A  sense  of  well-being, 
the  absence  of  overpowering  fears  and  anxieties,  and  a 
iRdkdesome  attitude  toward  life  are  essentials  of  total 
health. 

Bxerdaes  (ElO): 

Indicate  whether  each  of  the  following  statements  is  true 
or  false. 

1.  Pbrscmal  hygiene  includes  cleanliness,  physical 
and  mental  health,  and  seeking  medical 
treatment  when  ill. 

2.  Maintaining  personal  hygiene  is  actually  the 
action  of  staying  clean  and  healthy. 

......^  3.  Personal  hygiene  could  be  defined  as  the 

everyday  personal  actions  you  must  take  to 
safeguard  your  health  and  the  health  of  others. 
4,  Diet  can  bo  a  miyor  factor  in  an  individual's 
personal  hygiene. 
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Eli.  Define  **InfectIon";  and  list,  in  orJer  of  most  to 
least  Yulnet^ablei  the  body's  natural  defenses  against 
infection. 

Infection  (Disease)*  As  you  recall,  even  though  you 
may  not  feel  sick  yourself*  you  may  be  a  source  of 
infection  to  others.  Infection  occurs  when 
micro-organisms  invade  the  body»  multiply »  and  produce 
injury  or  disease.  Micro-organisms  which  enter  the  iKxly 
iaiigt^  nuHi  liiUB^  liiRi  I'lvniuvi^  uiscattc  ^pathogens)  to 
those  that  do  not  produce  disease.  To  understand 
infection^  you  must  know  how  the  micro-organisms  enter 
ttie  body. 

Portals  of  entry.  The  principal  portals  of  entry  for 
micro-organisms  are  abrasions  of  your  skin»  mucous 
membranes  of  your  respiratory  system  or  gastrointestinal 
and  genitourinary  tracts »  and  your  eyes.  Nevertheless » 
unbroken  skin  and  mucous  membranes  are  natural 
defensive  barriers  against  an  invasion  by  pathogenic 
organisms.  Certain  organisms  require  specific  routes  to 
infect;  others  can  invade  by  several  routes.  Most 
respiratory  diseases  are  contracted  by  the  inhalation  of 
droplets  of  contaminated  moisture  or  dust.  Intestinal 
infections  usually  are  produced  by  the  ingestion  of 
contaminated  food  or  drink. 

Some  organisms  invade  by  penetrating  the  skin  through 
hair  follicles,  sweat  gland  ducts,  or  abrasions;  other 
organisms  must  enter  through  wounds  in  order  to 
establish  themselves.  Tetanus  spores,  for  example,  may 
be  swallowed  without  causing  harm;  but  if  they  are 
introduced  into  an  open  wound,  tetanus  (lockjaw)  may 
develop.  What  takes  place  in  your  body  when  these 
organisms  enter  is  very  similar  to  a  battle.  If  your  body 
has  a  good  defense  and  wins,  you  suffer  no  ill  effects. 
When  the  pathogens  win,  you're  in  trouble — ^infection  has 
occiuied,  and  you  have  a  disease.  Fortunately,  your  body 
is  usually  a  tuned  fighting  machine. 

Bodily  defense  against  infection.  The  ability  of  your 
body  to  fight  off  or  overcome  infection  is  known  as 
resistance.  You  can  better  understand  this  ability  when 
you  compare  your  body's  resistance  to  an  active  ground 
defense  action  using  the  three-component  system  and 
defense  in  depth: 

a.  Early  warning.  Your  body's  early  warning  system 
alerts  you  to  the  fact  that  something  is  wrong  by 
displaying  symptoms.  For  instance,  a  sore  throat, 
headache,  fever,  or  sore  that  won't  heal  are  early 
warnings  to  you  that  your  body  has  been  infected. 

b.  Tactical  defense.  Your  body's  first  line  of  defense  is 
provided  by  ttxc  skin  and  the  mucous  membranes  of  your 
gastrointestinal,  tract,  respiratory  system,  and 
genitourinary  tract,  along  with  their  secretions.  These 
help  to  prevent  entrance  of  micro-organisms  into  the 
deeper  tissues  that  have  little  ability  to  ward  off  invasion. 

c.  Reaction.  The  second  line  of  defense  (blocking 
force),  of  which  the  lymphatic  system  is  a  part,  is  a 
ceUular  one  not  as  susceptible  to  infection  as  your  skin. 
This  defense  comes  into  play  when  the  migrating  cells  of 
your  body  attack  and  destroy  invading  organisms.  The 
ttiird  line  of  defense  is  presented  by  your  blood.  Your 


blood  contains  neutralizing  bodies  (counterattacking 
force)  which  push  the  organisms  to  the  liver  and  spleen 
where  they  are  destroyed  or  inactivated.  Your  blood  is 
about  your  least  vulnerable  body  defense. 

Body  preparation.  Obviously  your  body  can*t  employ 
an  active  intelligence  gathering  network.  However, 
because  you  know  your  body's  enemy  is  infection,  you 
can  take  action  to  prepare  (plan)  your  body  in  case  the 
pathogens  launch  a  surprise  attack. 

Your  body  uses  active  and  passive  defensive  measures 
against  infection.  You  have  learned  the  active  measures 
your  body  uses.  The  passive  defense,  like  the  intelligence 
c^>ability,  must  be  exercised  by  you.  You  can  insure  that 
your  body  has  a  more  then  even  chance  by  following  these 
tips: 

a.  Avoid  exposure.  Stay  away  from  any  person  who 
you  know  has  a  disease,  or  who  you  think  might  have  a 
disease,  unless  it  is  your  assigned  duty  to  take  care  of  him 
or  her.  Ask  your  friends  to  stay  away  from  you  when  you 
think  you  are  becoming  ill. 

b.  Eat  properly,  and  form  the  habit  of  having  your 
bowels  move  regularly. 

c.  Drink  plenty  of  water  at  intervals.  Depending  on 
climatic  conditions,  drink  three  or  four  full  canteens  per 
day. 

d.  Change  wet  clothes  and  shoes  for  dry  ones  as  quickly 
as  possible. 

e.  Never  borrow  cups,  pipes,  or  other  personal  items 
ttiat  your  associates  put  in  their  mouths. 

/.  Keep  insectt^  away  from  food,  and  don't  handle  pets 
before  eating. 

g.  Don't  borrow  handkerchiefs,  towels,  shaving 
brushes,  razors,  or  combs. 

h.  Take  salt  as  directed  to  avoid  fatigue  and  heat 
prostration. 

i.  Regularly  get  the  proper  amount  of  sleep  whenever 
possible. 

Exercises  (Ell): 

1.  What  is  infection? 


2.  In  order  of  most  vulnerable  to  least  vulnerable,  what 
are  your  body's  three  natural  defenses  against 
infection? 


2-2.  Personal  Cleanliness  and  Foot  Care 

This  section  covers  techniques  of  personal  cleanliness 
as  weU  as  measures  you  can  take  to  have  healthy  feet. 

E12.  Ghren  statements  about  techniqaes  ct  personal 
deanUnessy  Idaitify  the  true  statemeits  and  briefly 
state  why  the  others  are  false. 

Pnrsonal  Cleanliness  Techniques.  Probably  no  otiber 
single  habit  of  hygiene  is  as  important  as  being  clean.  An 
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unclean  body  is  not  only  offensive,  it  can  also  be  a  soun:e 
of  infection  to  you  and  your  friends. 
Clothing. Clottmg  easily  becomes  contaminated  with 

disease  agents  as  a  result  of  contact  witti  agents  present  in 
utool,  urine,  and  surface  garbage.  Change  your 
underclothing  daily,  if  possible.  If  you  can't  change  it 
daily,  rinse  your  underwear  in  clean  water,  and  lay  it  in 
the  sun  to  dry.  The  sun's  rays  act  as  a  purifying  agent. 
Wash  outer  clothing  when  it  becomes  excessively  dirty, 
When  it  is  absolutely  in^)ossible  to  wash  your  outer 
clottiing^  shaking  it  out  and  airing  and  sunning  for  two 
hours  can  greatly  reduce  the  number  of  disease  germs. 
Any  shaking  of  clothes  should  always  be  done  out  of 
doors*  not  in  tents  or  dwellings. 

Bathing,  It  is  virtually  impossible  to  take  a  complete 
badi  while  living  under  field  conditions,  but  even  the 
limited  bathing  possibilities  available  to  you  may  make 
the  difference  between  poor  health  and  keeping  fit.  Daily 
washing  of  your  annpits,  ears,  teet»  and  crotch  with  soap 
and  water  is  a  most  important  pan  of  field  hygiene.  You 
should  shave  every  day  if  possible.  If  possible,  you 
should  wash  your  hair  at  least  cmce  a  week  with  soap  and 
water.  Your  helmet  can  be  used  as  a  wash  basin.  Fill  it 
with  water,  wash  your  body»  and  ttien  shave.  You  can 


build  simple  bathing  devices,  such  as  those  shown  in 
figure  2- 1 ,  if  you  are  going  to  be  in  one  location  for  a  long 
time. 

OrcU  hygiene.  Regulai  and  proper  cleansing  of  your 
mouth  and  teeth  prevent  tooth  decay  and  gom  disease, 
both  of  which  can  cause  severe  pain  and  loss  of  teeth .  The 
noost  healthful  oral  hygiene,  wlrch  should  be  practiced 
whenever  possible,  is  to  cleanse  your  mouth  and  teeth 
thoroughly  and  correctly  after  each  meal  with  a 
toothbrush  and  fluoride  dentifrice.  However,  when  the 
situation  makes  this  activity  impractical,  you  should 
thoroughly  cleanse  your  mouth  and  teeth  at  least  once 
each  day,  using  improvised  devices  if  necessary.  If  a 
dentifrice  is  not  available,  use  your  toothbrush  without 
one,  or  use  salt.  In  the  absence  of  a  toothbrush,  you  can 
use  twigs  cut  from  a  tree  and  frayed  on  the  ends  to 
resemble  toodibrush  brisdes.  Twigs  can  also  be  cut  in  the 
form  of  tootl^icks  for  use  in  removing  material  caught 
between  your  teeth.  If  necessary ,  pieces  of  clean  cloth  can 
be  used  to  wipe  away  food  debris  which  has  collected  on 
your  teeth.  Rubbing  your  gum  tissue  vigorously  with  a 
clean  finger  also  stimulates  them  to  better  health. 

Bedding.  At  least  once  a  week  change  your  bedsheets. 
Air  and  sun  the  blankets ,  pillows ,  and  mattresses  the  same 
as  you  do  you  clothing. 
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Hands.  Keep  your  fingernails  closely  trinuned  and 
clean.  Wash  your  hands  (with  soap  and  warm  water  if 
available)  after  any  diity  woric,  after  each  visit  to  the 
latrine»  and  before  touching  food  or  food  utensils.  As 
ihown  in  figure  2*2,  efifective  hand-washing  devices  can 
be  inqffovised.  Such  habits  as  no8e*picking,  uail  biting, 
and  unnecessary  scrplching  can  cause  contamination  of 
your  hands  and  of  the  diings  diat  you  touch  later.  These 
habitSt  which  are  unpleasant  to  see  and  unhealthy  for  you , 
•hould  be  broken.  Coughs  and  sneen:es  should  be 
amottiered  in  a  tissue  or  handkerchief  or  at  least  directed 
away  from  other  persons.  Keep  your  fingers  and  other 
contaminated  objects  out  of  your  mouth. 

Exercises  (E12): 

Indicate  whedier  each  of  the  following  statements  about 
the  techniques  of  personal  cleanliness  is  true  or  false. 
Correct  any  false  statements. 

 1.  An  unclean  body  can  be  a  source  of  pathogenic 

organisms  to  yourself  and  other  members  of  your 
unit. 


Hgure  2-2.  Hsnd-wuhing  device. 


.  2.  You  should  change  your  underwear  ai  least 

daily. 


3.  Exterior  clothing  that  can't  be  washed  can  be 
partially  cleaned  by  shaking,  sunning,  and 
airing. 


 4.  When  total  bathing  isn't  possible,  offensive 

body  odors  can  be  reduced  and  your  health 
promoted  by  daily  washing  of  your  body  creases 
with  soap  and  water. 


 S.  In  the  absence  of  a  commercial  dentifrice, 

toothpaste  can  be  used  to  brush  your  teeth. 


6.  When  a  toothbrush  isn't  available  in  the  field,  a 
clean  cloth  can  be  used  to  brush  your  teeth. 


 7.  An  irKlividual  who  practices  the  techniques  of 

cleanl/aess  in  the  field  should  remain  relatively 
diseast)  free. 


Associate  common  foot  ailments  with  their 
symptoms  and  the  actions  needed  to  CMrect  or  prevent 
ttcse  allDieiits. 

Care  of  the  Feet.  During  sustained  field  operations, 
one  of  the  biggest  casualty  inflictors,  and  a  prime  cause 
for  pain»  is  poor  foot  care.  Proper  foot  care  is  essential  to 
tlie  maintenance  of  physical  fitness.  Serious  foot  trouble 
usually  can  be  prevented  by  observance  of  the  following 
single  rules. 

Foot  hygiene.  You  should  wash  your  feet  daily  and  dry 
ttmn  tiKXOUghly,  especially  between  the  toes.  Persons 
wlKMe  feet  perspire  freely  sliould  ^pply  an  antifungus  foot 
powder  li^tly  and  evenly  twice  a  day.  This  powder  helps 
retard  die  growdi  of  some  fungi. 

Propertyfttted shoes.  In  field  operaticms,  only  footgear 
issued  for  field  purposes  should  be  worn .  Expert  fitting  at 
the  time  of  issue  is  absolutely  essential.  Tbexe  should  be 
no  binding  or  pressure  spots;  neither  should  die  footgear 
be  so  large  diat  it  permits  your  foot  to  slide  forward  and 
backward  wiien  you  are  walking. 

Clean,  fitted  socks.  Socks  should  be  changed  and 
washed  daily.  They  shcndd  be  large  enough  to  aLow  your 
toes  to  move  freely  but  not  so  loose  that  they  wrinkle. 
Woolen  socks  should  be  at  least  ooc  size  larger  than 
cotton  ^ks  to  allow  for  shrinkage.  Socks  wi&  holes  or 
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pooriy  darned  socks  may  cause  blisters.  Different  types  of 
•ocks  are  provided  for  various  footgear,  learn  their  proper 
uses  at  the  time  they  are  issued  to  you. 

Common  Foot  Aliments.  Blisters,  corns,  bunions, 
ingrown  toenails,  and  fungus  infections  are  the  most 
common  causes  of  foot  trouble. 

Blisters.  You  can  usually  prevent  blisters  by  wearing 
properly  fitted  shoes  and  socks.  Shoes  should  be  bitdcen 
in  slowly,  and  socks  should  be  clean  and  fn»  of  holes.  If  a 
Mister  does  develop,  treat  it  as  shown  in  figuit^  2-3. 

Bunions  and  corns.  Bunions  and  corns  are  painful 
growths  on  your  feet.  Similar  to  blisters,  they  are  caused 
by  irritation  of  the  foot  tissue,  such  as  pinching  shoes  or 
rubbing  socks.  These  ailments  need  medical  attention. 

ingrown  toenails.  Ingrown  toenails  develop  when  nails 
are  inqxroperiy  cut.  You  should  trim  your  toenails  straight 
across  rattier  than  following  the  contour  of  your  toes.  If 
teodnness  devel<^  in  the  nailbed  or  along  the  edge  of  the 
nail,  report  to  the  medical  officer. 

Athlete's  foot.  Athlete's  foot  is  a  cracking  of  the  skin 
between  aiKl  under  the  toes,  or  a  general  itching  of  the 
foot.  Addete's  foot  is  really  a  misnomer.  Generally  any 
fungus  duu  concentrates  in  die  area  of  die  foot  is  called 
athlete's  foot»  which  is  caused  by  a  fungus  that  thrives  on 
the  warm,  moist  atmosphere  offered  in  your  boots, 
paiticulariy  when  you  have  had  diem  on  for  a  prolonged 
period.  The  most  appropriate  treatment  for  athlete's  foot 
is  to  seek  medical  aid.  The  reason  for  this  is  that  the 
various  fungus  infections  of  the  feet  usually  respond 


Figure  2-3.  Pint  aid  for  blister. 


differently  to  treatment.  Athlete's  foot  can  be  very  serious 
and  painful.  E>on't  try  to  treat  yourself. 

Immersion  foot  and  trencftfoot.  You  learned  about 
these  ailments  earlier.  Seek  medical  aid  when  you  suspect 
you  are  suffering  from  one  of  these  ailmenls. 

Exercise  (E13): 

1.  Match  the  column  A  foot  ailment  symptoms  with  the 
types  of  ailments  in  column  B  and  the  preventive  or 
first  aid  measures  in  colunm  C  by  writing  the  column  B 
and  C  letters  in  the  spaces  provided.  Column  B  and  C 
items  may  be  used  once  or  not  at  all. 

Column  A  Column  B 

(1)  CrKked  ikin  and  itching  on  sole  of  a.  Ingrown  toenail. 

foot.  b.  Blister. 
 (2)  Extreme  pain  and  tenderoeu  on  top  c.  Fungus  infection. 

tide  of  comer  of  toe.  d.  Bunion  or  com. 

 (3)  Fluid-filled  spot  on  heel  of  foot.  e.  Immersion  foot  or 

 (4)  PsainfUl  bump  on  your  little  toe.  trenchfoot. 


Column  C 

A.  Properly  sized 
footwear. 

B.  Keep  feet  dry. 

C.  Pbwder  feet. 

D.  Puncture  at  lower 
edge  and  bandage. 

E.  Correct  cutting. 

2-3.  Ftold  Sanitation 

As  you  have  learned,  personal  hygiene  is  your 
observance  of  the  rules  of  good  health  and  cleanliness. 
Even  though  you  follow  these  rules  and  maintain  perfect 
healdi,  your  body  can  cope  only  witii  a  limited  number  of 
disease  agents. 

Under  field  conditions,  unless  you  and  every  other 
member  of  your  outfit  follow  some  basic  sanitation  rules, 
practicing  personal  hygiene  is  only  a  temporary  stopgap 
against  infection.  Tbnee  areas  of  sanitation  that  must  be 
ttricdy  observed  in  Ae  field  are  water,  food,  and  waste 
sanitation. 


E14.  Arrange  in  seqaence,  of  most  to  least  desirable, 
glYen  statements  about  water  sanitation;  state  tlie 
prooedores  for  purifying  water. 

Water  Sanitation.  Impure  water  may  be  a  means  of 
transmitting  such  disease:  is  cholera,  dysentery,  tyiriioid 
fever,  paratyphoid  fever,  and  snail  fever.  All  of  these  can 
assume  epidemic  proportions  and  disable  large  numbers 
of  people.  Getting,  purifying,  and  providing  water  in  the 
field  are  usually  the  responsibilities  of  base  engines 
persoimel.  Neverdieless,  we  must  all  be  aware  of  die 
danger  of  impure  water  and  must  know  simple 
purification  pnx:edures  to  use  in  field  situations.  All 
water  must  be  treated  or  ceitified  as  safe  by  medical 
persoimel.  Water  containing  (Kganisms  duit  cause  disease 
is  contaminated.  Water  containing  substances  that  are 
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undesirable  or  that  render  it  unfit  for  drinking  or  domestic 
use  is  polluted.  Water  that  is  free  of  both  contamination 
and  pollution  is  potable;  that  is»  you  can  drink  it. 

Selection  of  water  sources.  Water  may  be  obtained  in 
the  field  from  surface  water  sources  (lakes,  rivers, 
streams,  ponds),  from  ground  water  sources  (wells  and 
springs),  and  sometimes  from  public  water  supplies. 
Public  water  supplies  free  from  unusual  impurities  are  the 
best  source  for  drinking  water  during  field  operations.  In 
combat,  advantage  must  be  taken  of  whatever  water  is 
available  if  it  can  be  purified  with  the  materials  on  hand. 
When  time  and  situation  permit,  a  wider  search  for  a 
better  source  may  be  made.  In  sonoe  locations,  it  may  be 
necessary  to  u^  rainwater,  seawater  (which  mu5t  be 
distilled  for  drinking),  or  nfielted  ice  or  snow. 

Individual  water  purification.  When  good  sources  of 
potable  water  ate  not  available,  you  may  produce  potable 
water  by  mixing  water  purification  tablets  (iodine)  or 
calcium  hypochlorite  ampule^*  and  water  in  your  canteen. 
Normally,  one  iodine  tablet  is  used  per  canteen  of  clear 
water,  and  two  iodine  tablets  per  canteen  of  cloudy  water. 
You  must  wait  20  minutes  after  purifying  to  drink  this 
water.  When  using  calcium  hypochlorite  ampules,  you 
should  take  the  following  actions: 

a.  Put  one  ampule  in  a  canteen  of  water.  Leave  a  small 
airspace  in  the  canteen  and  dissolve  the  ampule  by 
shaking  the  canteen  thoroughly. 

b.  Allow  the  water  to  stand  at  least  30  minutes  before 
drinking. 

Exercises  (E14): 

1.  Number  the  following  statements  about  water 
sanitation  in  sequence  of  nnost  to  least  desirable  by 
writing  numbers  in  the  spaces  provided. 

 a.  Using  pc  Uuted  water  from  a  rain  puddle  in  an 

open  field. 

 b.  Using  certified  water  from  a  livestock 

drinking  trough. 

 c.  Using  existing  potable  water  supply. 

 d.  Obtaining  uncontaminated  water  from  small , 

covered,  ground  sources. 

2.  Complete  the  following  statements. 

a.  Potable  water  can  be  produced  by  using 
 or  . 

b.  To  purify  a  quart  of  unclear  water,  you  would  use 
one  ampule. 

c.  Water  purified  with  iodine  is  not  considered 

potable  until   after 

mixing. 

d.  One  iodine  tablet  is  used  to  purify  

 of  clear  water. 

B15«  Given  statemrals  about  food  sanitation,  select 
the  true  statements;  if  any  statements  are  false, 
correct  them. 

Food  Sanitatkm.  Food,  even  the  most  appetizing,  can 
cause  illness  if  it  has  become  contaminated  with  disease 
germs  dirough  impn^r  handling  or  storage.  Outtneak 


of  food  poisoning,  dysentery,  and  typhoid  fever  may 
result  from  unsanitary  practices  in  kitchens  and  dining 
halls.  Thus,  persons  who  handle  food  must  maintain  the 
highest  standards  of  personal  hygiene  and  sanitation. 

Stored  food  must  be  protected  from  the  sun,  heat,  dust, 
insects,  rodents,  and  any  other  agent  that  might  cause 
contamination  or  the  growth  of  disease  germs.  In 
opera  where  you  are  issued  C-rations,  you  must  be 
alert  for  signs  of  possible  contamination.  You  must  also 
prevent  your  food  from  being  contaminated  after  you 
open  it.  Here  are  some  very  basic  rules  to  prevent  eating 
ccmtaminated  rations: 

a.  Look  at  the  metal  containers  for  signs  of  bulging  or 
leaking.  Do  not  eat  the  contents  if  these  signs  are  present. 

b.  Wipe  the  top  of  the  cans  off  with  a  clean  cloth  before 
you  open  them. 

c.  Use  your  own  eating  utensils,  and  keep  them  clean. 

d.  Do  not  open  the  metal  containers  and  let  them  stand 
uneaten  for  long  periods. 

e.  If  an  unusual  odor  or  color  is  present  after  you  open 
the  can,  do  not  eat  the  food. 

/.  Wash  your  hands  before  you  eat. 

Exercises  (E15): 

Indicate  whether  the  following  statements  about  food 
sanitation  arr  true  or  false.  Correct  any  false  statements. 

 1 .  Impioper  handling  and  storage  of  food  can  lead 

to  unitwide  sickness. 


2.  Canned  and  sealed  food  is  not  susceptible  to 
contamination  in  storage. 


 3.  C-rations  that  have  been  opened  and  left 

standing  for  long  periods  are  suitable  for  eating. 


4.  Unclean  eating  utensils  can  also  be  a  source  of 
contamination  of  food. 


5.  Food  that  is  not  within  a  reasonable  range  of  its 
normal  color  or  aroma  should  be  thrown  away. 


E16.  Associate  given  situations  involving  waste  to  the 
methods  best  suited  for  sanitary  disposal. 

In  war  or  field  conditions,  all  Air  Force  personnel  are 
expected  to  know  how  to  live  in  the  field  and  how  to 
maintain  excellent  health  and  mission  efficiency.  It  is 
essential,  therefore,  that  you  unders£and  the  methods  of 
constructing,  maintaining,  and  using  field  sanitation 
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Figure  2-4.  Oildnun  latrine. 

devices,  with  emphasis  upon  the  disposal  of  human  and 
kitchen  wastes. 

Human  Waste.  Human  waste  can  cause  widespread 
dysentery  and  diarriiea  among  personnel  if  it  is  not 
properly  managed.  These  diseases  have  cost  our  airmen 
more  lost  time  from  duty  than  any  other  disease.  The 
common  method  of  disposing  of  human  waste  in  the  field 
is  to  bury  the  waste  in  pit  latrines  or  to  bum  the  latrine 
contents.  Three  types  of  latrines  are  commonly  used  in  the 
field:  the  oil  drum  latrine,  the  straddle  trench  latrine,  and 
die  deep  pit  latrine. 

Oil  drum.  The  oil  drum  latrine,  similar  to  that  shown  in 
figure  2-4,  is  considered  the  ideal  type  of  latrine  for  vise  by 
small  USAF  units  in  the  field.  To  construct  an  oil  drum 
latrine,  you  remove  the  top  from  a  SS-gallon  oil  drum  and 
fix  a  flyproof  seat  with  a  self-closing  lid  over  the  top  of  the 
drum.  Where  the  water  table  is  low  and  the  area  drains 
rapidly,  the  bottom  of  the  drum  may  be  perforated  and  the 
latrine  set  into  a  flyproof  spakage  pit.  This  latrme  is 
intended  for  long  time  use;  the  contents  are  burned  daily, 
and  the  resulting  ashes  are  buried. 

Straddle  trench.  Ihc  straddle  trench  latrine  fig. 
2-5)  consists  of  a  trench  1  foot  wide,  2Vi  feet  deep,  and 
approximately  4  feet  long.  If  available,  boards  should  be 
placed  alongside  to  provide  secure  footing.  Toilet  paper 
should  be  placed  at  the  end  of  the  pit  and  protected  from 
the  rain  with  a  wooden  covering  or  tin  can.  Earth  removed 
from  the  trench  should  be  piled  at  each  end,  and  a  paddle 
or  shovel  should  be  provided  with  which  each  person  can 
immediately  cover  his  excretion  and  the  used  toilet  paper. 
This  latrine  is  considered  to  be  inadequate  for  other  than 
temporary  use.  It  must  be  closed  when  abandoned  or 
when  filled  to  within  1  foot  of  ground  level.  When  this 
stage  is  reached,  earth  should  be  piled  over  Ae  pit  and 
tightly  packed  down.  If  the  soil  is  sandy,  it  should  be 
mixed  with  waste  motor  oil.  The  site  should  be  mariced 
with  a  sign  reading  **aosed  Latrine  (date)." 


CAN  OP 
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SHOVEL  AWO 
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Figure  2-5.  Stnddlc  trench  latrine. 

Deep  pit.  The  deep  pit  latrine  is  intended  for  use  with  a 
standard  latrine  box.  It  is  adequate  when  the  water  table  is 
low.  To  construct,  you  dig  a  pit  approximately  4-foot 
deep  and  fit  the  dimensions  to  the  latrine  box.  The  pit 
should  be  surrounded  with  drainage  ditches  to  direct 
rainwater  away  from  the  latrine  box.  This  tj  pc  of  field 
latrine  is  intended  for  use  by  large  units  (squadrons, 
groups,  etc.)  that  remain  in  one  location  for  relatively 
long  periods  of  time.  The  closing  provisions  are  the  same 
as  for  the  straddle  trench. 

Kitchen  Waste  (Garbage).  Kitchen  waste,  if  not 
properly  disposed  of,  becomes  the  breeding  gnmnd  for 
rodents  and  insects  that  transmit  disease.  Consequently, 
great  emphasis  must  be  placed  on  sanitary  duposal  of 
garbage  when  you  are  in  the  field. 

There  are  two  classifications  of  garbage:  that  which  is 
suitable  for  animal  food  an^"^  that  which  is  not.  Burial  is  the 
best  mcihod  of  nonedible  garbage  disposal  in  the  field 
where  there  are  areas  with  low  water  tables.  Incineration 
is  best  to  dispose  of  nonedible  garbage  when  units  or  more 
ttian  30  people  plan  to  remain  in  one  location  for  a  period 
longer  than  1  week. 

Garbage  pits  and  filled  trenches  should  not  be  located 
within  100  yaixis  of  any  source  of  drinking  or  cooking 
water.  They  must  be  located  within  easy  walking  distance 
of  kitchens  and  eating  areas,  in  order  to  facilitate  dumping 
of  garbage.  When  filled  and  ready  to  be  abandoned, 
garbage  fills  should  be  m^ked  to  indicate  the  date  of 
closure  with  a  sign  reading  *  •Qosed  Garbage  Fill  (date) . ' ' 

What  all  this  means  to  you  is  that  during  field 
operations  you  must  use  the  established  facilities  to 
dispose  of  waste.  If  there  are  none  established,  make  your 
own.  To  neglect  personal  sanitation  or  personal  hygiene 
when  you  are  in  the  field  can  be  as  fatal  as  standing  up 
when  you  come  under  enemy  fire.  When  you  give 
pathogens  a  place  to  grow,  it's  only  a  matter  of  time  until 
your  body's  defense  system  loses  the  battle. 


Enrcise  (E16): 

Match  the  colunui  A  statements  about  waste  with  the 
best  method  of  disposal  in  column  B  by  writing  the 
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column  B  items  in  the  space  provided.  Column  B 
items  may  be  used  once  or  not  at  all. 


Column  A 

Human  waste  of  a  de- 
ployed wing  during  a  20- 
day  field  deploynocnt. 
Nonedible  gaibage  from 
a  large  unit  planning  to 
renuin  in  one  location. 


Column  B 

a.  Burial. 

b.  Straddle  trench  latrine. 

c.  Deep  pit  latrine. 

d.  Inclination. 

e.  Oil  drum  latrine. 


Column^  A 

Waste  accumulated  from 
cooking  and  eating  dur- 
ing an  overnight  stop 
where  there  is  a  low- 
water  ubie. 

Human  waste  from  four 
personnel  deployed  to  an 
off-base  plane  crash  site 
for  25  days. 
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CHAPTER  3 

Work  Party  Security 


THE  RESPONSIBILITY  for  the  defense  of  an  air  base 
rests  with  those  security  police  specialists  assigned  to  the 
base  ground  defense  force.  As  you  know,  this  foicc 
comes  into  being  only  as  a  result  of  hostile  actions,  as  in 

case  of  general  or  limited  war  actions,  or  in  some  cases  as 
the  result  of  a  terrorist  group's  attempt  to  attack  and 
overcome  the  base  security  force.  Regardless  of  the 
reason  for  activation,  you  undoubtedly  will  become  an 
integral  pait  of  the  defense  force. 

Before  you  can  be  an  effective  member  of  Ae  giound 
defense  force,  you  must  possess  and  apply  certain 
individaal  and  group  defensive  skills.  These  skills  can 
help  you  close  with  and  capture  or  eliminate  an  enemy 
force.  These  sanie  skills  can  also  reduce  the  pnrtMbility  of 
your  being  detected  by  an  enemy  force.  These  skills  are 
particulariy  valuable  should  the  situation  be  such  diat  you 
must  remain  undetected  u  itil  a  significant  event  occurs. 
Camouflage,  movement,  fire  control,  and  field 
fc»tification  are  discussed  in  this  disptcr. 

3-1.  CamoufUige  T«chnlquM 

Canaouflage  is  a  French  word  meaning  disguise;  it  is 
used  to  describe  actions  taken  to  mislead  the  enemy  by 
misrepresenting  the  true  identify  of  an  installation,  an 
activity,  or  an  item  of  equipment.  Camouflage,  as  an 
element  of  military  deception,  permits  you  to  appioach 
unseen  and  to  remain  hidden  widiin  striking  distance  of  an 
enemy.  It  also  affords  protective  concealment  fw  a  firing 
position,  materiel,  and  personnel.  Camouflage  permits 
you  to  see  without  being  seen,  diereby  enabling  you  to 
strike  first  and  at  minim^im  cost. 

Although  camouflage  may  be  easily  described,  good 
camouflage  is  not  easy  to  attain.  Many  tiactors  must  be 
considered  and  remembered.  This  section  addresses  die 
puipose  of  camouflage,  describes  the  three  medxMls  of 
camouflage,  and  discusses  how  you  can  attain  good 
camouflage  for  yourself,  your  equipment,  and  your 
position. 


B17.  Specify  the  purpoae^  methods,  and  factors  of 
camoiillage. 

Camouflage  Objectives.  Of  a  human's  five  pere^ve 
senses,  sight  is  by  far  the  most  useful  to  the  enemy; 
hearing  is  second;  smell  is  of  only  occasional  impoitance. 
The  comparative  usefulness  of  the  perceptive  senses  is 
primarily  a  matter  of  range.  For  (tn^  reason,  basic 
camouflage  stresses  visual  concealment  mat  is  relatively 


long  range  and  protects  from  direct  or  indirect 
observation. 

Direct  observation.  Direct  observation  is  the  piocess 
whereby  die  observer  looks  directly  at  the  object  itself, 
witii  or  without  die  use  of  telescopes,  fieldglasses,  or 
sniperscopes.  Direct  observation  can  be  made  from 
ground  or  air.  Direct  aerial  observation  becomes  more 
and  more  important  because  of  rapid  changes  in  the 
tactical  situation  due  to  greater  mobility  of  troops, 
weapons,  and  possible  use  cf  guided  missiles  by  enemy 
forces.  Reconnaissance  aiiplanes  over  enemy  lines  report 
locations  of  troops,  vehicles,  and  installations  seen  from 
the  air  to  the  ground  control  stations.  Immediate  fire  can 
then  be  brought  to  bear  on  targets  thus  found  and  reported . 

The  principal  advantage  of  direct  observation  is  that  the 
observer  can  readily  see  movement  of  troops  or 
equipment  in  the  observed  area,  and  observation  can  be 
maintained  over  relatively  long  periods  of  time.  The  main 
disadvantage  lies  in  human  frailty— tiiat  is,  the  fdiysical 
condition  of  the  observer  can  affect  his  power  of 
observation. 

Indirect  observation.  Indirect  observation  is  the  use  or 
study  of  a  photograph  or  an  image  of  the  subject. 
Photography,  radar,  and  television  are  examples  of 
indirect  observation.  Indirect  observation  is  becoming 
mneasingly  more  varied  and  rapid,  and  it  may  be  used 
from  either  manned  or  umnaiuied  positions. 

Indirect  observation  has  many  advantniges:  it  can  be 
far-reaching,  cover  large  areas,  and  can  be  very  accurate. 
It  also  produces  a  record  of  die  area  obseived  so  that  die 
recorded  picture  can  be  studied  in  detail,  compared,  to 
ottier  pictures,and  evaluate^!.  The  principal  disadvantage 
is  tiiat  a  photograph  rarely  allows  detection  movement. 
However,  diis  disadvantage  can  be  overcome  partially  by 
taking  pictures  of  the  same  area  at  different  times  and 
ccMnparing  diem  for  changes. 

CamooiBage  Methods.  There  are  three  basic  ways  of 
cracealing  yourself,  your  equipmment,  and  your  activity. 
The  following  paragraphs  describe  what  you  must  strive 
to  achieve  witfi  each  method. 

Hiding.  Hiding  is  the  complete  oMiceahnent  of  an 
object.  You  must  master  die  act  of  hiding.  Youcandodiis 
easily  if  you  remember  the  childhood  game  of 
hide-and-seek.  Where  did  you  always  look  first?  In  die 
most  obvious  location,  of  course.  An  enemy  force  will  do 
die  saiL>e  when  locddng  for  your  position. 

Blending.  Blending  is  the  arrangement  of  camouflage 
materials  on ,  over,  and  around  an  object  so  that  it  appears 
to  be  part  of  the  background.  The  aim  is  to  [mvent 
detection  of  the  object  caused  by  a  change  in  the  natural 
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appearance  of  the  position.  Because  the  works  of  man  are 
usually  geometric  in  form,  they  present  easily  recognized 
outlines  and  rectangular  shapes  and  shadows  that  are  very 
unlike  the  average  terrain  features.  Blending  distinctive, 
man-made  objects  into  the  normal  terrr  .mttem  requires 
diat  you  restore  and  simulate  the  noniial  and  natural 
appearance  of  the  terrain. 

Deceiving.  Deceiving  simulates  ar  jbject  or  situation, 
or  disguises  it  so  that  it  iq>pears  to  be  something  else. 
Deception  is  intended  to  mislead  an  enemy  into  false 
identification  of  strengths,  activity,  or  intentions. 

Camouflage  Requirements.  For  camouflage  to  be 
successful,  three  fundamental  requirements  must  be 
observed;  namely  r  choice  of  position,  camouflage 
discipline,  and  camouflage  construction.  These 
requirements,  and  factors  inherent  in  meeting  these 
requirements,  are  presented  in  the  following  narrative. 

Choice  of  position.  When  choosing  a  position  to  gain 
concealment,  a  background  is  chosen  that  visually 
absorbs  the  elements  of  the  position  (see  fig.  3-1).  The 
9ppe3X3nce  of  the  background  must  be  changed  as  little  as 
possible  by  the  presence  of  individuals,  weapons,  and 
equipment.  Finally,  the  position  selected  must  not  hinder 
the  accomplishment  of  the  mission.  With  these  factors 
foremost  in  mind,  a  natural  position  is  located;  that  is,  a 
position  diat  can  be  used  almost  as  it  is,  such  as  a  natural 
cover.  Isolated  landmarks  such  as  individual  trees, 
haystacks,  or  a  house  should  be  avoided  because  they 
aftract  attention  to  themselves.  At  times,  by  making  use  of 
background,  complete  concealment  against  visual  and 
photographic  detection  may  be  gained  witii  no 
construction.  In  terrain  where  natural  cover  is  plentiful, 
this  is  a  simple  task.  By  taking  advantage  of  terrain 
irregularities,  even  though  natural  cover  is  scarce,  you 
may  gain  complete  concealment  without  added 
camouflage  construction. 

Camoiiflage  discipline.  Camouflage  discipline  is  the 
avoidance  of  activity  that  changes  the  appearance  of  an 
area  or  reveals  military  objects  to  the  enemy.  A 
well-camouflaged  position  is  only  secure  as  long  as  it  is 
well  maintained. 

a.  Daytime.  Concealment  is  worthless  if  obvious  tracks 
point  like  directional  arrows  to  the  heart  of  the  location  or 
if  signs  of  occupancy  are  permitted  to  appear  in  the 
vicinity.  Tracks,  spoil  (leftover  construction  material). 


Figuie  3-1.  Choice  of  positioa. 


and  debris  are  the  most  common  signs  of  military  activity 
that  indicate  concealed  objects.  Therefore,  existing 
tracks,  paths,  roads,  or  natural  lines  in  the  terrain  should 
be  used.  Exposed  routes  should  not  end  at  a  position,  but 
rather,  extend  to  another  logical  termination  point.  If 
practical,  exposed  tracks  are  camouflaged  by  brushing 
them  out,  by  covering  them  with  material,  or,  where  time 
permits,  by  planting  local  vegetation.  Spoil  and  debris  are 
covered  or  placed  to  blend  with  the  surroiaiding  terrain. 
Smoke  from  fires  must  be  controlled  and  dispersed. 

b,  Nighttime.  Concealment  at  night  is  less  necessary 
than  in  the  daytime.  Therefore,  the  enemy  can  use  the 
cover  of  darimess  to  their  advantage.  They  can  do  this 
much  easier  than  they  can  in  daylight  if  given  clues  to 
guide  them.  Camouflage  discipline  thus  becomes  doubly 
inqxntant  at  night.  For  example,  aerial  photos  taken  at 
night  (by  light  furnished  by  flares  dropped  from  planes) 
can  pick  up  breaches  of  camouflage  discipline  that  are 
more  likely  to  occur  at  night  than  during  the  day. 
Consequendy,  light  discipline  is  very  important  at  night. 
Sound  discipline  is  always  important.  Nosies  seem 
magnifled  at  night;  clanking  gear  or  snoring  may  prove 
fatal.  Calling  to  one  another  and  talking,  even 
whispering,  should  be  kept  to  a  minimum.  However,  by 
far  the  most  important  phase  of  night  discipline  is  light 
discipline.  Necessary  woric  lights  must  be  shielded  by 
using  them  inside  an  enclosure,  such  as  a  ligh^roof  tent 
or  bunker.  Even  on  the  darkest  nights,  your  eyes  grow 
accustomed  to  the  lack  of  light  in  approximately  30 
minutes.  Every  time  a  niatch  is  lit  or  a  flashlight  is  used, 
your  eyes  must  go  through  the  complete  process  of  getting 
adjusted  to  the  darkness  again.  Smoking  must  also  be 
prohibited  at  night  in  areas  clc»e  to  the  enemy  because  the 
light  is  impossible  to  conceal.  A  cigarette  li^t  aggravates 
the  situation  by  creating  a  reflection  that  completely 
illuminates  your  face. 

c.  Lessening  sound.  Sound  can  be  lessened  by 
precautionary  measures.  I^oud  orders,  talking,  calling, 
and  sneezing  must  be  avoided.  Walking  on  hard  surfaces 
should  be  avoided  and  full  use  should  be  made  of  soft 
ground  for  digging.  Hand  signals  or  signs  should  be  used 
when  possible.  Individual  equq>ment  should  be  padded 
and  fastened  in  such  a  manner  as  to  prevent  banging 
noises.  Loading  and  unloading  of  vehicles  must  be 
accomplished  in  conq)lete  silence;  every  piece  must  be 
carefully  lifted  and  gently  set  down;  and  straw,  wood 
shavings,  or  other  muffling  agents  should  be  used  for 
packaging.  It  may  even  become  necessary  for  you  to 
disconnect  vehicle  horns  and  shut  off  engines. 
Remember,  the  noise  of  engines  and  tracked  vehicles 
cannot  be  diminished  while  d>ey  are  in  movement. 

Camot^ge  construction.  Camouflage  construction  is 
used  for  a  camouflaged  position  that  requires  additional 
concealment.  Camouflage  construction  is  the  use  of 
artificial  and  natural  materials  to  help  blend  personnel  and 
equipment  with  the  surrounding  terrain.  Artificial 
materials  are  manmade;  they  and  include  such  items  as 
paint,  wire,  buriap,  chicken  wire,  fiberglass,  garnished 
nets  of  various  types  aiKl  sizes,  bdA  osnaburg  (a  cotton 
clotti  more  closely  woven  than  buriq>). 
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If  artificial  materials  are  used,  they  must  be  arranged  to 
blend  with  the  surrounding  terrain  and  must  be  capable  of 
withstanding  local  weather  conditions.  Seasonal  changes 
may  require  gradual  alternation  in  ihe  color  or  kind  of 
material  used. 


r^iMTctoes  (BIT): 

1.  What  purpose  is  served  by  camouflage? 


2.  If  you  «^.'anted  to  completely  screen  a  position  from 
enemy  observation,  which  camouflage  method  should 
you  use? 


3.  What  camouflage  method  would  lead  an  enemy 
observer  to  believe  there  were  more  people  in  a 
position  than  there  actually  were? 


4.  When  uouig  camouflage,  what  three  requirements 
must  be  strictly  adhered  to? 


5.  What  two  elements  of  camouflage  discipline  arc 
especially  important  at  night? 


E18.  In  given  situations,  determine  what  type  of 
cunooflage  to  use. 

Individual  Camouflage.  Individual  camouflage  is  the 
personal  concealment  you  use  to  surprise  or  deceive  an 
enemy.  To  achieve  individual  camouflage,  you  must 
remember  the  purpose  of  camouflage  and  decide  upon  the 
camouflage  method  to  use.  The  following  narrative 
presents  important  consid^^rations  in  camouflage  of  the 
individual. 

Uniform.  Your  utility  unifom.  (fatigues)  is  designed  to 
be  as  inconspicuous  as  possible.  However,  there  arc 
occasions  when  your  uniform's  ^pearance  or  color  must 

be  altered  to  help  you  blend  with  the  terrain  for 

instance,  for  wear  on  a  snow-coveied  mountain. 

Skin  tonedawn.  The  contrast  in  tone  between  the  skin  of 
your  face  and  hands  and  that  of  the  surrounding  foliage 
and  other  background  must  be  reduced.  Your  skin  must  be 
made  lighter  or  darker,  as  necessary,  to  blend  with  the 
si«nt>undmg  natural  tones.  The  issue  facestick  may  be 
i  whenever  natural  materials  ai^  not  available.  The 
al  shine  areas  arc  the  forchead,  cheekbones,  nose,  and 
these  areas  should  have  a  daric  color.  The  shadow 
xound  your  eyes,  under  your  nose,  and  under  your 
jould  have  a  light  color,  as  shown  in  figurc  3-2. 


Your  hands,  arms,  p  d  any  other  exposed  areas  of  skin 
must  also  be  toned  down  to  blend  with  the  surroundings. 
Burnt  coric,  charcoal,  lampblack,  and  mud  can  all  be  used 
as  toning  materials.  Because  soils  contain  harmful 
bacteria,  a  medical  officer  should  determine  which  soils 
arc  safe  for  use.  A  mesh  mosquito  face  nei ,  properly  toned 
down,  is  an  effective  method  of  breaking  up  the  outlines 
of  your  face  and  ears.  Such  a  net  can  be  dyed  in  strong 
coffee  when  manufactured  dye  is  not  available. 

Helmet.  The  outline  of  your  helmet  is  a  striking 
characteristic  of  your  equipment.  Its  curved  shape  is 
familiar  to  the  enemy.  One  of  the  first  steps  in  individual 
camouflage  is  to  disrupt  the  shJipc  of  your  helmet  and 
thereby  eliminate  the  strong,  straight-lined  shadow  that  it 
casts.  The  following  ways  of  disrupting  the  shape  of  the 
helmet  and  reducing  its  shine  or  contrast  can  be  used  (see 
fig.  3-3).  The  choice  of  method  depends  on  the  tactical 
siniation  and  time  and  materials  available. 

a.  Paint.  A  disruptive  paint  pattern  can  be  used  on  the 
Iwlmet.  Care  must  be  taken  to  carry  the  pattern  across  the 
curved  lines  to  the  hehnet  edges,  especiaUy  those  seen 
from  the  front. 

b.  Bands.  Rubberbands  can  be  used  as  holders  for 
garnish  of  natural  materials.  A  band  cut  from  a  discarded 
inner  tube  makes  a  good  substitute  for  the  issue  band,  as 
do  strips  of  cloth.  Bands  sho'^'d  not  be  placed  too  high  on 
the  helmet.  When  natural  materials  are  not  available  or 
not  advisable  for  garnish,  the  shape  of  your  helmet  can 
also  be  disrupted  with  bow  ties  made  of  burlap  or 
osnaburg.  They  should  be  small  enough  so  that  they  do 
not  readily  catch  in  bushes  or  branches  and  large  enough 
to  disrupt  the  form  of  the  helmet. 

c.  Helmet  covers.  An  improvised  cover  can  be  made 
for  your  helmet  from  a  circular  piece  of  osnaburg ,  burlap, 
or  other  coarse-weave  cloth.  Burlap  is  best;  it  helps  to 
tone  down  the  color  of  the  helmet,  disrupts  its  shape,  and 
eliminates  s!iine.  The  circular  piece  should  be  20  inches  in 


Figure  3-2.  Skin  tone  down. 
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NATURAL  MATERIAL  HELD  IN 
PLACE  BY  RUBBER  BAND. 


DISRUrriVE  PAINTING 

Figure  3-3.  Helmet  camouflage. 
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Figure  3-4.  Silhouette. 
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diameter.  A  2-inch  hem  is  sewn  around  the  edge ,  a  txpe  or 
drawstring  is  puUed  through  the  hem,  and  the  cover  is 
pulled  loosely  onto  the  helmet.  It  should  be  painted  or 
smeared  witti  mud  to  break  up  die  continuous  tone.  Slits 
must  be  cut  in  the  cover  to  allow  for  the  insertion  of 
foliage.  No  matter  what  kind  of  helmet  cover  is  used,  it  is 
incon^>lete  if  the  shadow  imdemeath  die  helmet  is  not 
broken  up  by  arranging  bits  of  foliage  or  odier  garnish  so 
that  pieces  of  it  hang  over  the  rim  of  the  helmet.  Small 
irregular  fringes  of  cloth,  similarly  arranged,  can 
accomplish  the  same  purpose  and  at  the  same  time  keep 
gnats  and  nu>squitoes  away  from  your  face  and  neck. 

Convoj  gear.  Qean  canvas  equipment  is  great  for 
inspections,  but  in  a  combat  situation  such  equipmient 
violates  die  principles  of  camouflage.  Patches  of  lifter 
or  darker  color  are  easily  spotted.  One  of  the  first  tadcs  in 
dressing  for  the  job  of  fighting  is  to  reduce  the  tone 
contrast  between  your  equipment  and  die  surroundings. 
Tliis  requires  darkening  your  equipment  in  some  instances 
and  m^dng  it  lighter  in  tone  in  others.  Reducing  tone 
contrast  can  be  done  with  paint,  clodi,  mud,  charcoal,  or 
any  odier  suitable  substance  that  is  available. 

Silhouette.  Aldiough  die  airman  shown  in  figure  3-4 
blends  with  the  ground,  he  is  sharply  silhouetted  against 
the  sky.  Such  clearly  defined  edges  must  be  avoided.  The 
correct  way  to  look  over  die  bank  is  firom  the  midst  of 
objects  that  are  irregular  in  shape  and  that  can  conceal.  In 
the  illustration,  the  base  of  the  tree  would  be  a  good 
locadon  to  reduce  silhouette. 

Action  at  night.  As  in  the  daytime,  silhouette  and 
background  are  vital  elements  in  concealment.  A 
silhouette  is  always  black  against  a  night  sky.  You  must 
take  care  at  night ,  as  in  the  daytime ,  to  stay  away  from  die 
dcyline  (horizontal  plane  where  sky  and  eardi  9ppC9X  to 
jotai).  On  bright  moonlit  nij^ts,  you  must  use  the  same 
precautions  as  for  daylight.  You  should  also  remember 
that  dse  position  of  an  enemy  force,  not  die  topognqphic 
crest  of  a  hill,  fixes  the  skyline.  At  night,  sound  seenu 
amplified  and  is  revealing^  Thus ,  your  movement  must  be 
careful,  quiet,  and  close  to  the  ground.  On  die  other  hand, 
should  you  hear  the  pop  of  a  flare  before  it  illuminates  the 
area,  drop  to  the  ground  and  remain  motionless.  If  you  are 
surprised  by  die  light  from  a  flare,  freeze  in  place,  with 
your  face  pointed  down  toward  the  ground. 

PoaltkMi  Camouflage.  Proper  site  selection  is  die  most 
in^Kntant  consideration  in  planning  field  fortifications. 
However,  to  serve  in  their  fullest  capacity,  Held 
fortifications  and  obstacles  must  be  camouflaged  in  such  a 
manner  that  diey  are  a  complete  surprise  to  die  enemy. 
The  camouflage  task  is  made  easier  by  proper  site 
selection. 

Held  fortifications  are  sited  to  take  advantage  of  the 
terrain  and»  at  die  same  time,  permit  caimMiflage  diat  is 
vital  for  dieir  security  and  stability.  A  positicm  should  be 
selected  diat  does  not  require  a  change  in  the  appearance 
of  die  terrain.  Consideration  of  die  camouflage  aspect 
saves  time  and  labor  in  effecting  good  concealment.  To 
reduce  ground  observation,  a  position  should  be  located 
with  a  good  background  so  that  occupants  are  not 
silhouetted.  When  proper  advantage  is  taken  of  die 
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Figure  3-5.  Concealing  construction  spoil. 


terrain,  positions  can  be  inconspicuous  from  ground 
observation.  To  reduce  the  possibility  of  aerial 
observation,  regular  geometric  layouts  of  positions  must 
be  avoided,  and  decoys  and  dummies  should  be  used  to 
confuse  the  enemy.  Positions  should  be  located  under 
trees,  under  bushes,  or  in  dark  areas  of  the  terrain, 
although  your  locations  should  not  be  isolated  to  the 
extent  of  being  a  landmai-k  or  an  aiming  point. 

Postponing  erection  and  construction  of  field 
fortifications  is  often  the  best  way  to  camouflage  a 
position.  However,  where  the  enemy  has  nuclear 
employment  capabilities,  the  erection  or  construction 
must  not  be  postponed. 


Construction.  Before  any  excavation  is  started,  all 
natural  materials  for  camouflage  construction  such  as 
turf,  sod,  leaves,  forest  humus,  or  snow,  must  be 
removed.  This  material  is  placed  or  scraped  aside  so  as  to 
not  interfere  with  the  digging  of  the  position.  It  is  replaced 
over  the  site  when  the  woric  is  completed  (see  fig.  3-5). 
Soli  (spoil)  that  is  not  used  must  be  carried  away  and 
dumped  in  a  concealed  place,  such  as  under  bushes  and 
low  trees.  Concealment  is  vital  during  camouflage 
construction.  To  prevent  detection  of  camouflage 
construction  that  has  little  or  no  overhead  cover, 
camouflage  nets  can  be  suspended  above  the  position. 
The  nets  are  placed  so  as  to  permit  unhampered 
excavation  work.  Workers  must  then  confine  their 
activities  to  the  area  beneath  the  camouflage. 

Covers.  Camouflage  covers  are  essential  for  positions 
that  cannot  be  sited  under  natural  concealment.  They  are 
also  a  valuable  aid  in  preventing  detection  of  the  position. 
Natural  materials  native  to  the  site  must  be  used  to  a  good 
advantage.  Artificial  or  manufactured  material  may  be 
used  if  garnished  or  pattem-painted  to  match  terrain 
features.  Covers  made  from  these  natural  or  artificial 
materials  for  hasty  field  fortifications  should  be  light  in 
weight  to  permit  easy  removal. 

Weapon  Camouflage.  Your  individual  weapon  must  be 
concealed  to  complete  the  camouflage  of  a  position. 
Weapon  outline  and  shiny  surfaces  are  the  two  factors 
involved  in  concealment  of  the  weapon  by  camouflage. 
An  M-16  rifle,  shotgun,  machinegun,  and  recoilless  and 
antitank  weapons  have  distinctive  outlines  that  ai«  easily 
identifiable.  Concealment  of  the  weapon  by  digging  it  in 
to  presc  nt  a  low  silhouette  and  by  using  nets  and  natural 
cover  are  excellent  methods.  However,  the  tactical 
situation  does  not  always  permit  sufficient  time  for  these 
methods.  One  of  the  simplest  ways  to  distort  the  outline  of 
the  weapon  is  to  wrap  it  with  standard  burlap  garnishing 
or  strips  of  cloth  (see  fig.  3-6)  dyed  to  match  the 
surrounding  terrain.  Foliage  placed  on  various  parts  of  the 
weapon  is  another  field  expedient;  however,  this  is 
difficult  to  maintain  when  the  weapon  is  operational. 
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M16  WRAPPED  WITH  BURLAP 

Figure  3-6.  Weapon  camouflage. 
27 

737 


Painting.  Pattern  painting  of  a  weapon  (fig.  3-6),  using 
colors  that  blend  with  terrain  features,  is  another  excellent 
method  of  camouflage  used  to  distort  the  outline  of  the 
weapon.  Any  type  of  caniouflage  used  must  not  interfere 
with  the  tactical  effectiveness  of  the  weapon. 

Other  methods.  Shiny  surfaces  of  a  weapon  can  be 
concealed  by  various  field  expedients.  For  instance,  cloth 
and  paint,  mentioned  previously,  not  only  distort  outline 
but  can  also  be  used  to  cover  the  shiny  surfaces  of  the 
weapon.  Mud  or  lampblack  can  also  be  used  to  cover 
these  surfaces.  The  mud  used  must  dry  to  the  desired 
color.  Care  must  be  exercised  in  application  of  mud  to 
prevent  interference  witli  sighting  and  firing  of  the 
weapon. 

Camouflage  of  other  equipment.  In  a  hostile  situation, 
your  abiliiy  to  camouflage  yourself  and  your  personal 
equipment  (fig.  3-7)  may  be  excellent.  However,  even  if 
&ese  efforts  are  completely  successful,  their  effect  can  be 
nullified.  This  happens  when  you  forget  to  camouflage 
other  support  equipment;  for  example,  vehicles,  cooking 
areas,  and  sleeping  areas.  Generally,  you  do  not  bear  the 
responsibility  for  these  actions.  However,  guess  who  gets 
smoked  when  an  enemy  force  has  detected  your  position 
because  of  the  sunlight  shining  on  a  vehicle  window?  You 
must  do  something  to  prevent  this  fix>m  happening.  The 
same  rules  iy>ply  to  camouflaging  support  equipment  that 
^pply  to  your  personal  camouflage.  Every  item  in  the 
vicinity  of  your  area  must  be  camouflaged.  You  can  cover 
equipment  with  natural  or  manmade  camouflage.  The 
point  is  that  you  should  cover  it,  alter  the  geometrical 
shape,  reduce  or  eliminate  shine,  or  do  whatever  else  is 
needed  to  conceal  the  equipment. 

Exercises  (E18): 

1.  What  are  some  conmion  materials  used  for  skin 
tone-down? 


2 .  List  three  ways  of  disrupting  the  shape  of  a  helmet  and 
reducing  its  shine. 


3.  What  fixes  the  skyline  (as  opposed  to  the  topographic 
crest  of  a  hill? 


4.  How  is  detection  of  camouflage  construction 
prevented  when  there  is  no  overhead  cover? 


Determine  whether  cover  or  concealment  Is  best 
salted  to  given  drcomstances. 

Cover.  Cover  is  protection  from  the  fire  of  enemy 
weapons.  It  may  be  natural  or  artificial.  Natural  cover 


Figure  3-7.  Proper  camouflage. 


(ravines,  hollows,  reverse  slopes)  and  artificial  cover 
(foxholes,  trenches,  walls)  protect  you  from  flat  trajectory 
fire  and  partially  protect  you  from  high-angle  fire.  Even 
the  smallest  depression  or  fold  in  the  ground  may  provide 
some  cover  when  you  need  it  badly.  As  a  member  of  a 
ground  defense  force,  you  should  learn  how  to  take 
advantage  of  every  bit  of  cover  available.  You  need  to  do 
this  to  achieve  maximum  protection  from  enemy  fire.  In  a 
combat  situation,  you  must  learn  to  select  temporary 
firing  or  observation  positions  that  take  advantage  of 
available  cover.  Observing  and  firing  around  the  side  of 
an  object,  staying  low  to  observe  and  fire,  and  selecting  a 
good  background  when  observing  over  the  top  of  an 
object  are  examples  of  using  cover  to  your  advantage  (see 
fig.  3-8). 

Concealment.  Similar  to  camouflage,  concealment  is 
protection  from  enemy  observation.  It,  too,  may  be 
natural  (bushes,  grass,  shadows)  or  artificial  (burli^, 
nets,  camouflage  made  from  natural  materials). 
Concealment  is  not  protection  from  enemy  fire.  Do  not 
make  the  mistake  of  believing  you  are  protected  from 
enemy  fire  merely  because  you  9z:i  concealed  from  enemy 
eyes.  To  conceal  yourself: 

a.  Avoid  unnecessary  movement;  movement  attracts 
attention.  Remember  that  movement  against  a  stationary 
background  causes  you  to  clearly  stand  out. 

b.  Use  all  available  concealment.  Background  is 
important;  blend  with  it  to  prevent  the  enemy  from 
detecting  you.  Select  trees  and  bushes  that  blend  with 
your  uniform  and  absorb  the  outline  of  your  figure. 
Shadows  also  help  hide  you. 

c.  Stay  low  to  observe.  Present  a  low  silhouette, 
making  it  difficult  for  !he  enemy  to  see  you. 

d.  Expose  nothing  that  shines.  Reflection  of  light  on  a 
shiny  surface  instantiy  attracts  attention  and  can  be  seen 
for  great  distances. 

e.  Keep  off  the  skyline.  Figures  on  the  skyline  can  be 
seen  from  a  great  distance,  even  at  night,  because  a  dark 
outiine  stands  out  against  the  lighter  sky.  The  silhouette 
formed  by  your  body  makes  a  good  target. 
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Figure  2-  ^.  Use  of  cover  tnd  concealment. 
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Erenc^ses  (E19): 

1.  As  a  member  of  a  response  force,  you  have  been 
ordered  to  flank  an  enemy  unit  attempting  to  penetrate 
a  restricted  area.  En  route  to  the  scene,  you  come 
under  fire  from  a  second  force  no  one  had  reported.  Do 
you  use  cover  or  concealment? 


2.  For  the  situation  in  exercise  1  above,  what  action  may 
have  precluded  your  coming  under  fire? 


3.  As  a  member  of  a  response  force,  you  have  been 
alerted  to  a  possible  armed  attack  and  have  been 
positioned  in  an  area  between  your  base's  resources 
and  its  perimeter.  Should  you  use  cover  or 
concealment  to  await  the  arrival  of  the  reported  enemy 
force? 


EKLC 


3-2.  Individual  and  Force  Movement 

E20.  Specify  the  methods  of  individual  movement  used 
by  a  response  force  member. 

Individual  Movement.  There  are  several  ways  of 
getting  from  one  place  to  another  when  you  deploy. 
Depending  on  the  situation,  you  may  d^  :ide  to  use  one  or 
more  of  the  following  methods. 

Rushing,  This  is  a  technique  for  moving  quickly  from 
one  place  to  another.  You  start  either  from  a  place  of 
cover  or  the  prone  position.  You  then  select  the  next  spot 
that  you  want  to  move  to.  This  new  spot  should  offer  you 
cover  or,  as  a  minimum,  concealment  from  observation. 
To  rush  to  your  selected  location,  you  get  up  quickly,  run 
to  the  new  location,  and  take  cover.  While  moving,  you 
should  be  sure  to  keep  alert  for  enemy  fire  and  for 
obstacles.  You  should  rush  in  short  bursts,  a  maximum  of 
15  meters.  Don't  try  to  cover  great  distances  in  one  rush. 

Low  crawl.  When  you  must  move  in  on  an  enemy  and 
there  is  little  or  no  cover  or  concealment  available,  you 
must  use  the  low  crawl.  To  low  crawl,  you  get  into  the 
prone  position,  lay  the  stock  of  your  weapon  on  top  of 
your  arm,  lay  your  head  as  close  to  the  ground  as  you  can, 
and  pull  and  push  yourself  along  the  grour  see  fig. 
3-9.) 

High  crawl.  The  high  crawl  shown  in  3-10  is 

used  when  some  cover  and/or  concealme  .  is  available. 
To  high  crawl,  you  lay  your  rifle  across  your  arms  ir  front 
of  your  body  (prone  position),  and  you  push  and  pull 
yourself  along.  Your  head  should  be  slightly  raised  so  that 
you  can  watch  things  ahead  of  you. 


Figure  3-10.  High  crawl. 
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Walking  at  night.  The  darioiess  of  night  offers  you 
tome  concealment.  You  can  effectively  walk  at  night 
wittiout  being  detected  by  lifting  your  legs  high  and 
s(q»ping  down  carefully  on  your  toes,  as  illustrated  in 
figiue  3-11. 

Stealth.  Whenever  you  are  moving,  be  it  day  or  night, 
move  as  quietly  and  as  inconspicuously  as  possible. 
When  rushing  or  walking,  avoid  having  loose  equipment 
that  bangs  against  your  body;  when  crawling,  doa*t  drag 
your  weapon  on  the  ground  or  pavement.  Silence  is 
necessaiy  to  coneal  your  movement. 

Exwdees  (E74); 

1.  What  is  the  rushing  technique  of  movement? 


2.  What  are  the  low  and  high  crawls? 


Individual.  Individual  movement  is  usually  the  safest 
way  for  your  people  to  advance  unoer  heavy  fire.  When 
moving  as  an  individual  member,  you  rush  10  to  IS 
meters  forward  to  a  point  of  cover.  Trying  to  travel  any 
further  than  ftiis  allows  an  enemy  enough  time  to  take  aim 
wiA  a  weapon.  After  you  take  cover,  you  begin  to  deliver 
cover  fire  and  another  member  of  the  unit  begins  to  move. 
This  leapfrog  procedure  goes  on  until  all  of  your  unit  has 
reached  the  desired  objective. 

Team .  The  tactic  of  movement  by  flie  team  is  similar  to 
the  procedure  for  individual  movement.  In  the  team 
situation*  you  have  a  portion  of  the  unit  move  forwaid 
while  the  remainder  of  the  squad  or  flight  delivers  cover 
fire.  You  use  this  type  of  movement  when  enemy  fire  is 
light.  You  may  start  out  in  individual  movement  and,  as 
enemy  fire  decreases,  convert  to  fire  team  movement. 

Exercises  (E21): 

1.  State  the  techniques  of  fm  and  movement. 


3.  What  is  the  best  method  of  walking  at  night? 


B21.  DUTeraitiate  between  tlie  techniques  of  fire  and 
movement  Cnr  indivMuali  and  for  fire  teams. 

Fire  and  Movement.  Fire  and  movement  is  a  tactic 
used  for  advaacing  a  unit  while  it  is  under  enemy  gunfire. 
You  do  this  by  having  a  part  of  your  force  moving  forward 
vfbilt  the  remainder  of  Ae  force  delivers  covering  fire  to 
Che  enemy  position. 

The  number  of  people  who  are  moving  and  Ae  manner 
in  which  they  move  depends  on  the  size  of  your  unit,  tibe 
terrain,  and  the  volume  of  fire  being  received. 


COAMO 


Figure  3-11.  Walking  at  night. 


2.  What  is  the  difference  between  individual  and  team 
fire  and  movement  techniques? 


E22.  Identify  the  responsibilities  of  the  base-of-fire 
and  maneu w  echelons  during  fire  and  maneuver. 

Fire  and  Maneuver.  Fire  and  maneuver  is  a  combat 
tactic  in  which  a  squad  or  flight  is  divided  a  maneuver 
echelon  and  a  base-of-fire  echelon.  The  following 
narrative  illustrates  the  use  of  the  fire  and  maneuver 
tactic. 

Let  us  assume  that  a  hostile  armed  unit  has  taken  up  a 
position  on  your  base.  From  this  position,  the  hot^e  unit 
directs  weapons  fire  on  a  number  of  alert  aircraft.  In  this 
instance,  your  task  as  a  member  of  a  defense  squad  or 
flight  would  be  to  move  to  the  hostile  position  and 
neutralize  it  as  soon  as  possible.  In  order  to  do  this,  your 
unit  would  most  likely  use  the  fire  and  maneuver  tactic.  It 
is  used  to  permit  a  portion  of  your  squad  or  flight  (called 
the  maneuver  echelon)  to  get  close  enough  to  the  hostile 
force  to  conduct  an  assault. 

To  use  fire  and  maneuver  techniques,  you  divide  the 
squad  or  flight  into  a  maneuver  echelon  to  advance  on  the 
hostile  position  and  a  base-of-fire  echelon  to  delivefcovei 
fire  fen:  the  maneuver  echelon.  The  division  of  the  unit 
does  not  have  to  be  equal.  For  instance,  suppose  ttiat  you 
find  that  you  need  a  tremendous  volwne  of  fire  from  your 
base-of-fire  echelon  but  require  only  a  small  maneuver 
<*^belon.  In  diis  case,  you  might  assign  two  fire  teams  as 
Che  maneuver  echelon  and  the  remainder  of  the  flight  as 
your  base-of-fire  echelon.  Your  determination  must 
depend  on  die  situation.  It  is  best  to  divide  your  unit  so 
that  you  do  not  disrupt  the  integrity  of  its  elements. 

The  maneuver  echelon  moves  out  under  the 
base-of-fire  echelon's  cover  fire.  Depending  on  the 
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cooditioiis  and  situadon,  the  maneuver  echelon  moves  by 
ciawling  or  nuhing  to  a  point  called  the  final  coordination 
line,  such  as  that  shown  in  figure  3-12.  This  point  should 
be  as  near  the  enemy  position  as  you  can  get  without  being 
dangerously  exposed  to  friendly  gunfire.  The  base-of-fiie 
echelon  may  advance  its  position  toward  the  enemy, 
providing  there  is  no  loss  of  cover  fire. 

Often*  when  long  distances  must  be  covered,  the 
maneuver  echelon  moves  to  a  point  midway  between  its 
point  of  departure  and  the  final  coordination  line  and  lays 
dov/n  cover  fire  while  the  base-of-fire  echelon  moves 
forward.  This  allows  the  base-of-fire  echelon  to  engage 
the  target  area  more  effectively,  whereupon  the  maneuver 
echelon  resumes  their  advance  toward  the  final 
coordination  line. 

Exerdaea  (E22): 

1  •  What  are  the  responsibilities  of  the  maneuver  echelon 
during  fire  and  maneuver? 


2.  What  are  the  responsibilities  of  the  base-of-fiie 
echelon  during  fire  and  maneuver? 


E23.  State  the  mission  of  each  type  of  reconnaissance 
patrol,  and  Identify  features  of  each  type. 

Rrconnahwance  Patrob.  The  overall  mission  of  all 
types  of  rccOT  patrols  is  to  gather  intelligence  information 
and  to  confirm  or  disprove  tlie  accuracy  of  previous 
infcmnation.  Tliere  are  tliree  types  of  reconnaissance 
patrols,  namely:  area  surveillance,  area  reconnaissance, 
and  point  reconnairsance.  Eech  type  has  a  specific 
intelligence-gathering  tunction. 


Area  Surveillance.  Your  mission  on  an  area 
surveillance  patrol  is  to  observe  a  large  area,  such  as  the 
area  depicted  by  a  grid  square  on  your  map,  and  locate 
enemy  activity.  You  i^^ark  down  enemy  locations,  places 
where  you  observe  enemy  movement,  direction  of  enemy 
travel,  and  especially  any  changes  such  as  new  roads,  and 
built-up  areas  that  are  not  on  your  map.  Area  surveillance 
patrols  provide  us  with  the  big  picture. 

Area  Reconnaissance*  Your  mission  on  an  area  recon 
patrol  is  to  move  through  an  assigned  area  and  locate 
specific  enemy  positions.  You  also  confum  data  reported 
by  area  surveillance  patrols.  There  are  numy  methods  of 
conducting  area  recon  patrols.  Figure  3-13  illustrates 
these  methods.  Your  imagination  can  produce  other 
methods  to  use. 

Point  Reconnaissance.  When  you  go  on  a  point  recon 
patrol,  you  go  to  observe  one  point:  a  forlc  in  a  road  or 
stream,  an  enemy  position,  or  any  point  your  conmiander 
wants  to  know  more  about.  The  time  you  spend  observing 
a  given  point  is  predetermined  by  your  commander;  it 
could  be  as  brief  as  15  minutes  or  as  long  as  several  days. 
Figure  3-14  represents  several  methods  of  point 
reconnaissance. 


Exercises  (E23): 
1.  What  is  the  mission  of: 
a.  Area  surveillance  patrols? 


b.  Area  reconnaissance  patrols? 


c.  Point  reconnaissance  patrols? 


riNAL  COOOINATION  LINI 


tNfMY  lOCATION 


AOVANCID  K>SITION 


MIT1AL  K>SmON 


MANEUVIR  KHILON 


lASf  Of  nte  tCMf  LON  oot-s 
Figure  3-12.  Fire  and  maneuver. 


2.  Match  the  descriptions  in  column  A  with  the  types  of 
reconnaissance  patrols  in  column  B  by  entering  the 
colunm  B  letters  in  the  spaces  provided.  the 
description  does  not  fit  a  type  of  reconnaissance 
patrol,  enter  0  (zero). 


Column  A 

(I)  Locating  enemy  posi- 
tions while  moving 
from  one  place  to 
aootber. 

.  (2)  Provides  coverage  of 
your  route. 

.  (3)  Four-man  teams  ob- 
serving movement  in  a 
valley. 

.  (4)  A  patrol  to  deny  the 
enemy  control  of  an 
area. 

.(5)  A  two-man  team  watch- 
ing a  road  junctioa. 
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a.  IV>int  reconnaissance. 

b.  Area  reconnaissance. 

c.  Area  surveillance. 


Figure  3-13.  Akca  itoonniliiinre. 
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Figure  3-14.  Mat  incannaintucc. 
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E24.  State  the  mission  of  each  type  of  combat  patrol, 
and  identify  features  of  each. 

Combat  Patrols.  All  combat  patrols  serve  basically 
the  same  purpose:  seek  out  and  destroy,  capture,  or  harass 
the  enemy.  They  may  provide  security,  "liey  also  collect 
and  report  information  related  and  .irelatcd  to  their 
mission.  There  are  five  types  of  combat  patrols,  and  each 
type  has  a  specific  goal. 

Ambush  patrols.  Ambush  patrols  wait  in  hiding  to 
attack  and  destroy  a  moving  or  temporarily  halted  target, 
such  as  a  column  of  troops  or  vehicles.  There  are  as  many 
types  of  a  Jibushes  as  there  are  imaginations.  Figure  3-15 
illustrates  only  a  few  of  the  many  forms  of  ambush. 

R{Ud patrols.  When  you  go  on  a  raid,  your  mission  is  to 
attack  and  destroy  an  enemy  position  and  then  withdraw. 
You  want  to  hit  the  enemy  where  it  hurts  and  then  move 
on  to  strike  again.  Your  force  is  not  large  enough  to  hold 
the  position  you  raid,  only  strong  enough  to  cause 
damage,  and  reduce  or  eliminate  the  position. 

Search  and  clear  patrols.  The  mission  of  a  search  and 
clear  patrol  is  to  move  into  an  area,  destroy  the  enemy  or 
run  them  out,  and  hold  that  territory  for  our  own  use  or  for 
use  by  friendly  forces. 

Security  patrols.  These  patrols  are  designed  to  screen 
or  cover  the  flanks  of  your  position,  area,  or  route.  These 
screens  prevent  infiltration  and  surprise  attack.  During 
movements,  security  patrols  prevent  ambushes  along  the 
way. 

Economy  of  force  patrols.  Your  mission  on  an 
economy  of  force  patrol  may  be  to  establish  a  roadblock 
that  prevents  enemy  movement  or  reinforcement,  seize 
key  terrain  to  prevent  enemy  use,  cover  the  withdrawal  of 
a  force  by  deception  or  delay,  or  act  as  a  blocking  force  to 
allow  a  major  effort  to  be  made  without  interference  at 
another  location. 


Exercises  (E24): 

1 .  What  is  the  mission  of: 

a.  Ambush  patrols? 

b.  Raid  patrols? 

c.  Search  and  clear  patrols? 
e.  Economy  of  force  patrols? 


2.  Mp.;ch  the  descriptions  in  column  A  with  the  types  of 
combat  patrols  in  column  B  by  entering  the  colunm  B 
letters  in  the  spaces  provided.  If  the  description  does 
not  fit  a  type  of  combat  patrol,  enter  0. 


Column  B 

a.  Ambush  patrol, 

b.  Raid  patrol. 

c.  Search  and  clear  patrol. 

d.  Security  patrol. 

c.  Economy  of  force  patrol. 


Column  A 

.  (1)  Provides  coverage  for 
your  route. 

.  (2)  Surprise  attack. 

.  (3)  Four-man  team  ob- 
serving movement  in  a 
valley. 

.  (4)  Hit-and-nm  destruction 
of  an  enemy  target. 

,  (5)  A  patrol  to  deny  the 
enemy  control  of  an 
area. 

.  (6)  Running  an  enemy  out 
of  an  area  for  our  own 
gain. 


3-3.  Weapons  Fire  Control 

Because  our  operations  in  a  combat  enviromnent  are 
generally  defensive  and  our  resources  are  often  so  inviting 
to  an  enemy,  we  sometimes  seem  to  get  more  than  our  fair 
share  of  attack  by  hostile  units. 

No  matter  how  strong  your  defense  is,  if  the  enemy 
wants  your  resources  badly  enough,  they  will  try  to  get 
them.  When  this  happens,  your  job  can  become  a  little  bit 
hectic:  you  must  block  the  attack  before  it  gets  to  your 
resources  and  then  counterattack  to  destroy  the  enemy.  In 
this  section,  we  discuss  the  principles  of  planning  and 
conducting  a  counterattack  against  an  attacking  hostile 
force. 

E25.  Briefly  define  preparation,  fire  and  nu\neuver, 
and  assault  as  they  relate  to  conducting  a  counter- 
attack. 

Preparation.  The  first  step  in  conducting  a 
counterattack  is  preparation.  You  can't  just  grab  a  rifle, 
yell,  *Tollow  me,  men,""  and  charge  a  defended  position. 
Those  people  in  the  position  have  real  guns,  with  real 
buUets,  and  lack  of  preparation  could  be  disastrous. 

Plan.  The  enemy  have  a  plan.  If  they  didn't,  they 
wouldn't  be  on  your  base  holding  one  of  your  positions. 
And  if  they  didn't  want  to  fight,  they  wouldn't  have 
come.  Consequently,  you  must  plan  your  actions 
carefully. 

First  of  all,  remember  a  basic  rule  of  combat:  noeet 
force  with  superior  force.  To  do  this,  you  need  to  get  a 
reliable  estimate  of  (1)  how  many  people  you  are  facing, 
(2)  how  they  are  armed,  and  (3)  how  well  protected  they 
are.  From  this  information,  you  can  decide  the  size  of  the 
force  you  need,  how  to  arm  them,  and  what,  if  any, 
support  you  want  to  ask  for.  This  support  may  range  from 
artillery  fire  to  the  use  of  air-to-ground  attack  by  combat 
aircraft.  If  that  sounds  a  little  heavy,  remember  that  you 
are  the  one  who  has  to  peek  into  that  position  and  hope 
that  nobody  is  peeking  back  over  a  gunsight. 
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ctosfo  TR.ANCLt  FORMATIONS.  BRITISH  VERSION  AREA  AMBUSH 


Figure  3-1 S.  Harassing  or  destructive  ambush. 
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Next,  plan  your  stcp-by-step  actions  through  the  point 
where  you  arc  again  occupying  the  position.  This 
planning  includes  two  phases:  (1)  a  Hre  and  maneuver 
operation  to  get  your  assault  force  into  the  desired 
position  and  (2)  the  actual  assault  itself. 

Assembly.  To  begin  planning  the  Hre  and  maneuver 
phase,  you  select  an  assembly  area.  This  must  be  a  safe 
area  where  final  orders  can  be  issued,  final  supply  issue 
accomplished,  and  final  planning  conducted. 

Route.  Your  next  step  is  to  carefully  plan  a  route  of 
travel  that  makes  maximum  use  of  all  available  cover, 
concealment,  and  supporting  fire.  Whenever  possible, 
select  a  route  that  allows  you  to  assault  the  enemy's  flank 
or  rear. 

Departure  Line.  Next,  you  select  a  line  of  departure. 
This  is  a  recognizable  physical  location  that  provideci 
cover  and  that  can  be  safely  reached  by  the  assault  force 
(maneuver  echelon).  If  a  blocking  force  has  not  already 
established  a  position  for  your  baseK)f-fire  echelon,  you 
also  select  that  position. 

Final  Coordination  Line.  Now  select  your  final 
coordination  line.  You  must  insure  that  everyone  in  the 
maneuver  and  base-of-firc  echelons  knows  where  this 
point  is  and  knows  the  time  when  you  plan  to  begin  the 
actual  assault. 

Assault.  The  next  step  is  to  plan  the  assault.  Now  you 
must  assign  specific  target  areas  to  each  member  to  avoid 
bunching  your  people  toward  the  center  of  the  enemy 
position.  You  designate  one  person  as  base,  and  instruct 
everyone  else  to  stay  abreast  of  the  base  and  guide  left  or 
right  with  him  in  order  to  maintain  proper  spacing.  You 
can  then  control  the  entire  assault  formation  by  adjusting 
the  speed  or  direction  of  the  base  man.  For  large-scale 
operations,  you  may  designate  a  base  team  or  squad. 
Finally,  you  select  a  limit  of  advance.  This  is  the  point 
where  your  assault  echelon  stops  after  moving  through  the 
objective.  You  also  designate  a  security  element  that 
returns  to  the  objective,  checks  for  boobytraps,  and 
secures  the  area. 

After  completing  the  planning  phase,  you  are  ready  to 
proceed  to  the  line  of  ttparture.  At  this  point,  the 
^ase-of-fi^c  echelon  begins  its  suppressive  fire.  Any  other 
fire  support,  such  as  mortar  fire,  artillery,  or  air  support, 
is  also  employed  at  this  time.  As  the  support  fire  begins, 
your  maneuver  echelon  starts  to  move  toward  the  final 
coordination  line.  Upon  arrival  at  the  final  coordination 
line,  everyone  reloads  his  weapon  and  prepares  for  the 
assault. 

When  the  maneuver  echelon  is  ready  to  begin  the 
assault,  the  echelon  leader  gives  a  prearranged  radio  or 
visual  signal  to  the  echelon  leader  of  the  base-of-fire 
element.  In  turn,  the  base-of-fire  leaders  instruct  their 
people  to  shift  their  fire  to  a  direction  different  from  where 
the  assault  will  come  from,  or  to  cease  fire.  Now,  the 
maneuver  echelon,  moving  rapidly  and  maintaining 
alignment  in  the  line  formation,  begins  the  assault.  As 
your  people  move  forward  in  the  assault,  riflemen  and 
grenadiers  fire  a  round  or  a  short  burst  of  rounds  (as 
directed  by  the  echelon  leader)  each  time  their  left  foot 
strikes  the  ground.  To  maintain  a  steady  volume  of 


firepower,  machinegunners  must  fire  as  the  right  foot 
strikes  the  ground.  No  one  in  the  formation  should  slow 
down  or  stop  for  anything.  Reloading  must  be  done 
rapidly  as  you  move  toward  the  objective. 

When  the  assault  echelon  arrives  at  the  objective,  they 
continue  moving  in  formation  to  your  preestablished  limit 
of  advance.  This  is  done  to  push  the  enemy  force  further 
from  the  objective  and  to  reduce  the  possibility  of  a  rapid 
counterattack  or  ambush. 

Your  unit  then  establishes  all-around  e^urity ,  ^md  your 
security  element  returns  to  the  object^m.  They  check  for 
prisoners  and  boobytraps  and  secure  the  objective.  Now 
your  force  can  return  to  the  objective  and,  if  necessary, 
prepare  to  repel  an  enemy  counterattack. 

Exercises  (E25): 

1,  Briefly  define  preparation,  fire  and  maneuver,  and 
assault  as  they  relate  to  conducting  a  counterattack? 


E26.  State  counter  ambush  actions  during  movement. 

Counter  Ambush  Drills.  If  your  unit  is  ambushed, 
you  and  your  entire  unit  must  act  immediately  with  a 
preplanned  course  of  action.  This  action,  called  the 
counter  ambush  drill,  may  vary,  depending  on  whether 
you  are  caught  in  a  near  or  far  ambush.  In  each  situation, 
the  success  of  the  counter  ambush  drill  used  depends  upon 
being  well  trained  in  recognizing  the  nature  of  an  ambush 
<md  well  rehearsed  in  the  proper  reaction. 

Near  Ambush.  A  near  ambush  is  one  in  which  the 
enemy  forces  are  located  within  a  reasonable  assaulting 
distance  of  the  kill  zone  (50  meters  or  less  as  a  guideline). 
In  a  near  ambush ,  the  kill  zone  is  under  very  heavy ,  highly 
concentrated,  close-range  fire.  There  is  little  time  or 
space  for  you  to  maneuver  or  seek  cover.  The  longer  you 
remain  in  the  kill  zone,  the  more  certain  your  destruction. 
Therefore,  if  atta  by  a  near  ambush,  you  should  take  the 
following  actions  (see  fig.  3-16). 

a.  Those  in  the  kill  zone,  without  order  or  signal, 
inmiediately  assault  directly  into  the  ambush  position, 
occupy  it,  and  continue  the  attack  or  break  contact  as 
directed  by  the  squad  or  team  leader.  This  action  moves 
you  out  of  the  kill  zone,  prevents  other  ambush  force 
elements  from  firing  on  the  assault  without  firing  on  their 
own  men,  and  provides  you  positions  where  you  can  take 
other  actions. 

b.  Those  not  in  the  kill  zone  maneuver  against  the 
ambush  force  as  directed  by  the  squad  or  team  leader. 

c.  The  assault  is  continued  until  the  ambush  force  is 
eliminated  or  the  order  is  given  to  break  contact. 

Far  Ambush.  This  is  an  ambush  in  which  the  enemy 
forces  are  located  beyond  a  reasonable  assaulting  distance 
(more  than  SO  meters).  Here,  the  kill  zone  is  also  under 
very  heavy,  highly  concentrated  fire,  but  from  a  greater 
range.  This  greater  range  provides  those  in  the  kill  zone 
some  space  for  maneuver  and  some  opportunity  to  seek 
cover  with  a  smaller  risk  of  destruction.  If  attacked  by  a 
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PATROL  IS  AMBUSHED--.  "NEAR  *  AMBUSH  KILLING  ZONE 


ENEMY 


--MEN  IN  KILLING  ZONE  ASSAULT-- 
OTHERS  ATTACK  TO  PERMIT  ENTIRE 
PATROL  TO  BREAK  CONTACT- 


KILLING  ZONE 


COUNTER  AMBUSH  (  "NEAR"  AMBUSH  ] 


—PATROL  BREAKS  CONTACT 
AND  CONTINUES 


COUNTER  AMBUSH  ("NEAR"  AMBUSHl-CONT'D, 


Figure  ^16.  Counter  ambush  for  near  ambush. 
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far  ambush^  you  should  take  the  following  actions  (see 
fig.  3-17). 

a.  Those*  in  the  kill  zc >ie,  without  order  or  signal, 
inunediately  return  fire,  take  the  best  positicns  available, 
and  ccmtinue  firing  until  directed  otherwise. 

b.  Those  not  in  the  kill  zone  maneuver  as  directed 
against  the  ambush  force. 

c.  The  attack  is  continued  until  the  ambush  force  is 
destroyed  or  the  order  is  given  to  break  contact. 

Bscrdaes  (E26): 

1.  What  counter  ambush  actions  do  you  take  when 
caught  in  a  near  ambush? 


2.  What  counter  ambush  actions  do  you  take  when 
caught  in  a  far  ambush? 


E27.  State  the  purpose  and  benefit  of  search  and  dear 
operationa.  Given  hypothetical  situations^  Identify 
actioos  iaken  to  seardi  and  dear  buildings  and  open 


Seardi  and  Clear  Operation.  Whenever  a  building  or 
area  is,  has  been,  or  is  suspe^.t?d  of  being  occupied  by  a 
hostile  force,  it  must  be  searched  and  cleared.  The 
cq>eration  is  conducted  before  enemy-held  real  estate  can 
be  occupied  by  your  own  forces.  This  is  an  absolute  must 
if  you  are  to  insure  that  all  hostile  forces  have  fled  or  been 
neutralized  and  diat  aU  boobytraps  have  been  found  and 
disarmed.  Actions  to  search  and  clear  a  designated  locale 
could  take  place  widiin  friendly  or  enemy  territory. 

Buildings.  You  would  normally  employ  an  entire  squad 
to  search  a  building.  Two  fire  teams  act  as  a  security 
element.  Their  purpose  is  to  seal  off  aU  avenues  of  escape 
and  provide  protective  fire  for  the  third  fire  team.  The 
searching  firc  team  is  the  search  paity  diat  enters  the 
building  and  conducts  the  search.  There  are  three  methods 
of  entering  and  clearing  buildings. 

(1)  Entry  at  the  top.  Whenever  possible,  you  should 
enter  and  search  a  building  from  the  top  down.  Enemies 
who  arc  forced  to  the  top  of  a  building  may  be  cornered 
and  become  physically  violent,  causing  harm  to  you  or 
forcing  you  to  harm  them.  On  the  other  hand,  enemies 
who  are  forced  downward  to  ground  level  may  attenqit  to 
esci^  finom  the  building,  mddng  themselves  vulnerable 
to  capture  by  the  security  element.  You  nmy  use  various 
means  to  gain  enuy  to  die  top  of  a  building;  for  exanq>le, 
ladders,  drainpipes,  toggle  ropes,  grappling  hooks,  roofs 
of  adjoining  buildings,  or  civil  engineering  utility 
vehicles  designed  for  working  at  heights. 

(2)  Entry  on  the  middle  floor.  In  many  cases,  it  may  be 
impossible  to  enter  a  building  at  the  top.  In  these 


instances,  you  must  enter  at  the  highest  possible  point, 
using  the  techniques  previously  described.  Initially,  you 
thoroughly  search  and  secure  the  floor  (level)  you  enter. 
Then  you  move  to  the  top  floor  and  search  fh>m  die  top 
down. 

(3)  Entry  at  the  bottom.  When  you  must  enter  a 
building  at  ground  level,  the  security  element  must  take 
every  precaution  to  insure  protection  of  the  search 
element,  up  to  pouit  of  actual  building  entry.  When  you 
have  searched  the  ground  floor,  move  to  the  top  of  the 
building  and  work  down. 

Rooms.  To  searcl.  individual  rooms,  a  two-man  team  is 
DGtmally  used.  Depending  on  the  likelihood  of  an  enemy 
presence  in  the  room,  one  member  may  throw  in  a  rici 
ccmtrol  or  fragmentation  grenade,  wait  for  it  to  explode, 
then  enter.  After  entry,  you  must  place  your  back  against 
die  nearest  wall.  The  second  man  then  follows  suit  and 
searches  the  room  in  detail. 

In  an  occupied  building,  when  the  enemy's  location  in 
a  building  is  unknown,  all  rooms  must  be  searched.  In  the 
case  of  quarters,  attempt  to  have  occupants  submit 
voluntarily  to  the  search.  At  the  same  time,  question  them 
in  an  attempt  to  pinpoint  the  enemy's  location.  If  an 
occupant  will  not  voluntarily  submit  and  diere  is  any 
cause  to  believe  diat  an  enemy  is  located  in  the  room, 
conduct  the  search  as  described  earlier. 

In  a  building  where  the  location  of  die  enemy  is  known, 
proceed  directly  to  die  immediate  vicinity  of  the  enemy 
location.  Then,  carefully  search  the  rooms  near  the 
location  in  case  they  have  moved.  When  you  pinpoint  the 
enemy,  employ  riot  control  or  fragmentation  grenades  in 
an  attempt  to  force  them  into  die  open. 

Open  €ireas.  The  size  of  the  unit  you  employ  to  search 
and  clear  an  open  area  depends  on  die  size  and  texrain  of 
the  area  and  size  and  strength  of  the  enemy  force  you 
expect  to  encounter.  Once  again,  the  nile  to  follow  is  to 
meet  force  with  superior  force. 

Search  and  clear  <q)erations  in  open  areas  usually  take 
place  outside  the  defended  area  of  the  base.  They  are 
re'OJy  nothing  more  than  the  conduct  of  any  of  several 
types  of  patrolling  operations;  for  instance,  operations 
intended  to  harass  guerrila  or  terrorist  forces,  ke^  them 
on  die  move  and  off  balance,  and  hopefully  destroy  or 
capture  them.  Further,  search  and  clear  operations  may 
include  offensive  tactics,  such  as  raid  and  reOiMinaissance 
in  force  operations. 

Raid.  A  raid  is  a  swift,  small-scale  (squad  or  flight  size) 
penetration  of  hostile  territory.  Your  objective  may  be  to 
secure  information,  harass  the  hostile  force,  or  destroy 
their  camp  or  base.  A  Irey  feature  of  the  raid  is  that,  as 
soon  as  your  mission  is  completed,  you  make  an 
immediate  planned  withdrawal  from  the  hostile  territory. 

Reconnaissance  in  force.  A  reconnaissance  in  force 
operation  usually  requires  a  flight-sized  unit.  Here  your 
purpose  is  to  develop  intelligence,  locate  the  hostile 
force,  test  their  strengdi,  and  coordinate  or  cmiduct  attack 
oo  die  hostile  force  or  their  installation.  This  form  of 
operation  could  be  considered  a  large  scale,  thorou^ 
search  of  the  hostile  area. 
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Exercises  (E27): 

1.  Why  must  an  area  be  searched  and  cleared? 


What  benefit  is  realised  by  a  search  and  clear 
<q>eration? 


Evaluate  the  situations  given  below  and  state  the  search 
and  clear  actions  to  be  taken. 

3.  A  sniper  has  gotten  into  a  3-story  building  just  off  of 
the  perimeter  and  is  firing  at  targets  on  the  base.  His 
location  inside  the  building  is  unknown. 


Same  situation  as  in  exercise  3,  but  there  is  no  means 
of  entry  from  the  roof  or  top  floor. 


Intelligence  sources  indicate  that  a  force  of  45  heavily 
armed  terrorists  are  camped  in  a  densely  wooded  area 
somewhere  close  to  your  base.  They  have  been 
harassing  your  perimeter  firequently»  and  yoa  have 
been  directed  to  locate  them,  confirm  their  strength, 
and,  if  possible,  .ttack  their  camp. 


6.  Same  situation  as  in  exercise  3,  but  with  only  S 
terrorists  reported. 


3-4.  Ftold  Fortifications 

This  section  is  designed  to  help  you  understand  the 
advantages  that  can  be  gained  through  the  correct  use  of 
field  fortifications.  Toward  Ais  end,  we  briefly  discuss 
the  various  f  actcrn  that  must  be  considered  when  planning 
the  use  of,  or  building  of  wei^n  enq>lacements  and 
tactical  wire  barriers.  Included  are  the  various  types  of 
emplacements  and  barriers  commonly  used  by  our  combat 
forces.  Also,  we  discuss  how  ttese  firtific.  ions  should 
be  used  to  complement  one  another  atd  to  enhance  your 
overall  defense  posture. 

E28.  Given  hypothetic^!  sitoatlons,  determine 
wbetiier  field  foTtUkations  most  be  constructed. 

Planning  and  Use.  The  opportunity  to  fight  fitom 
prepaied  positions  is  an  advantage  that  you  must  exploit. 
The  degree  of  protection  tfiat  field  fortifications  can  give 
you  depends  on  tfieir  construction  and  strengtti.  This 
protection  also  depends  on  (1)  how  well  you  distribute 
them  Widiin tactical  defense,  (2)  how  well  you  Bdaft 
them  to  the  tenrain.  cjid  (3)  how  well  you  conceal  diem 


ftom  enemy  observation.  The  following  are  seme  factors 
Aat  you  should  consider  when  planning  the  use  of,  or 
building  of,  field  fortifications. 

Plans.  Plans  for  fortifications  not  only  provide  for  the 
desired  degree  of  protection  but  also  for  bringing  the 
enemy  under  the  maximum  volume  of  effective  fke  as 
eariy  as  possible.  Fortification  plans  are  usually  based  on 
progressive  construction;  that  is ,  proceeding  from  open  to 
ccvered  emplacements  and  shelters.  This  is  done  in  order 
to  have  the  best  protection  possible  under  the 
circumstances. 

On  the  offense.  During  offensive  operations,  periodic 
halts  may  be  required  to  regroup,  resupply ,  or  consolidate 
positions  gained.  Where  the  enemy  threat  is  known  to 
include  a  counterattack  capability  (or  probability), 
offensive  units  should  seek  available  cover  or  should  dig 
hasty  emplacements  as  described  later  in  this  chapter. 

On  the  defense.  A  defensive  position  is  built  around  a 
series  of  organized  and  occupied  tactical  positions. 
Positions  are  selected  for  their  natural  defensive  strength 
and  the  observation  afforded.  Fortification  measures  for 
these  positions  iaclude  clearing  fields  of  fire,  digging 
weapon  emplacements  and  positions  for  personnel, 
strengthening  natural  obstacles,  installing  artificial 
obstacles,  and  providing  camouflage. 

Dispersion.  The  separation  of  units  and  individuals  is  a 
primary  means  of  increasing  pror^^on.  Cleariy ,  a  unit  is 
less  likely  to  be  vulnerable  to  ^emy  weapon  fire  if  the 
area  tihe  unit  occupies  is  increased.  Proper  dispersion, 
then,  can  greatly  reduce  the  need  for  a  high  level  of 
protection  from  field  fortifications.  The  extent  to  which  a 
unit  spreads  out  depends  on  the  mission,  tibe  terrain,  and 
die  enemy  situation.  Fortifications,  properly  employed, 
can  be  used  in  lieu  of,  or  to  supplement,  dispersion.  For 
this  renson,  fortifications  are  particulariy  in^rtant  for 
units  ttmt  cannot  disperse  sufficiently  to  obtain  adequate 
protection. 

Alternate  and  dummy  positions.  When  time  and  the 
situation  permits,  dunmiy  and  alternate  positions  should 
be  built  to  deceive  the  enemy  and  to  allow  flexibility  in 
your  defense. 

Exercises  (E28): 

State  whether  field  fortifications  must  be  constructed  in 


each  of  the  following  situations  by  entering 
**no''  in  the  space  provided. 


•yes"  or 


1.  Your  unit  has  just  overrun  an  enemy  position 
and  halts  to  regroup  and  resupply  before 
proceeding  elsewhere  on  anotiber  mission.  The 
decisiveness  of  your  unit's  victory  assures  diat 
the  enemy  is  incapable  of  mounting  a 
counterattack  before  your  unit  leaves  the  area. 

.  2.  After  obtaining  the  resupply  mentioned  in 
exercise  1  above,  your  unit  moves  on  to  its 
second  mission,  and  it  again  surmounts  an 
enemy  position.  This  time,  however,  in  the  face 
of  your  unit's  superior  strength,  the  enemy 
disengages  contact  and  dispe**ses  before 
sustaining  any  significant  casualties.  Shortly 
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thereafter,  you  receive  an  intelligence  report 
indicating  that  an  additional  enemy  unit,  equal  in 
size  to  the  one  that  just  retreated,  is  also 
somewhere  in  the  area.  Again,  you  must  \  ait  for 
resupplies  before  moving  out  of  the  area. 

 3.  Security  forces  in  your  sector  recently  repelled  a 

ground  attack  against  your  base.  This  attack 
pointed  out  some  possible  weaknesses  in  your 
defenses.  You  find  that  to  strengthen  these 
weaknesses,  you  must  add  some  weapons  and 
relocate  several  of  those  already  in  place. 

E29.  Given  hypothetical  situaUons,  determine  the  type 
of  weapon  anplacement  to  establish. 

Types  of  Emplaceiiients.  Concerning  the  protection  of 
our  bases,  we  have  the  advantage  of  rime  to  prepare 
defensive  positions.  As  mentioned  earlier,  you  must  plan 
properly  and  concentrate  your  defense  on  what  you  expect 
the  enemy  to  do.  However,  you  must  also  learn  to  expect 
tfie  unexpected  and  be  ready  to  cope  wiUi  it.  Keep  in  mind 
that,  as  is  usual  witii  human  nature,  people  do  not  always 
act  or  react  as  you  expect.  For  this  reason,  you  must  be 
ready  for  the  possibility  of  having  to  construct  your  own 
on-the-spot  defensive  position.  This  situation  could  arise, 
for  example,  when  you  are  reacting  as  a  member  of  the 
response  force  or  when  you  are  initially  being  posted 
during  a  ground  defense  operation.  The  emplacements 
you  are  most  likely  to  use  are  presented  in  the  following 
paragraphs. 

Hasty  emplacements.  Hasty  emplacements  are  dug 
when  you  have  made  contact  with  die  enemy,  and  time 
and  materials  are  limited.  Their  purpose  is  to  provide 
immediate  protection  ftom  direct  fire.  They  are  also  used 
when  there  is  no  natural  cover  available.  Examples  of 
hasty  emplacements  are: 

a.  Shell  crater.  If  you  have  time,  try  to  find  a  crater  diat 
is  60-  to  90-cm  wide  (2  to  34eet).  This  size  offers  you 
immediate  cover  and  concei^^nt  and  can  be  quicldy 
made  into  a  hasty  position.  Any  place  where  heavy 
weapcms  rounds  have  exploded  can  quicldy  be  expanded 
to  afford  you  some  protection.  These  craters  can  later  be 
developed  into  a  foxhole  if  your  stay  in  Uie  area  is 
extended. 

b.  Prone  emplacements.  Initially,  you  can  start  with  a 
skirmish  trench;  this  simply  involves  digging  or  scraping 
dirt  into  piles  to  place  betwteti  you  and  the  enemy.  As 
time  permits,  you  can  expaiki  tins  type  of  emplacement  to 
conform  to  your  body  position  and  arm  length.  Once 
improved,  you  are  better  protected  from  small  arms  or 
direct  fire  weapons  than  if  using  a  shell  crater  or  your 
initial  skirmish  trench. 

c.  Other  immediate  alternatives.  As  a  last  resort,  you 
can  pile  rocks,  hard-packed  snow»  ice,  and  dirt  in  fiont  of 
your  position.  A  minimum  of  30  cm  (12  inches)  of  this 
material  can  resist  penetration  of  may  small  arm 
projectiles. 

Foxholes.  Foxholes  are  the  basic  defensive  positions. 
They  afford  you  good  protection  against  most  forms  of 


enemy  small  arms  fire.  They  can  be  developed  by 
expanding  the  hasty  pos!tions  discussed  earlier,  or  you 
can  start  from  scratch.  As  time  permits,  you  can  make 
improvements  by  revetting  the  sides,  adding  overhead 
cover,  providing  drainage,  and  excavating  a  grenade 
sump  to  dispose  of  hand^nades  thrown  into  the  hole  by 
the  enemy.  When  used  in  our  concept  of  defense,  the 
two-man  foxhole  is  better  than  the  one-man 
emplacement. 

Machinegun  emplacements.  Machinegun 
emplacements  should  give  maximum  protection  to  the 
crew;  however,  the  main  consideration  must  be  the 
effective  use  of  the  weapon.  The  positions  described  in 
the  following  paragraphs  are  designed  for  use  in  terrain 
Jut  permits  excavation. 

a.  Horseshoe.  The  horseshoe-shaped  trench,  about 
3-feet  deep,  is  a  trench  dug  along  the  rear  and  sides  to 
form  a  horseshoe.  It  has  a  chest-high  shelf  in  Uie  center  to 
serve  as  die  gun  platform.  The  dirt  from  this  trench  is  used 
to  form  a  low  protective  wall  (parapet).  The  wall  should 
be  at  least  1-meter  wide,  and  low  enough  to  permit 
all-around  fire.  This  type  of  emplacement  permits  you  an 
easy  traverse  of  the  gun  through  an  arc  of  180*:  but  it  does 
not  allow  you  to  fire  effectively  to  the  rear. 

b.  Two  one-man  foxholes.  This  enqplacement  consists 
of  two  one-man  foxholes  close  to  a  gun  position.  The 
parapet  is  low  enough  for  all-around  fire  and  offers  you 
good  protection.  Although  360*  fire  is  possible  ftom  tfiis 
position,  fire  to  the  front  and  rear  is  most  effecHve 
because  ttie  M-60  machinegun  is  fed  from  die  left  side. 

Drtve-through  fighting  positions.  In  your  defensive 
operation,  drive-in  revetments,  with  concealed  approach 
routes,  should  be  constructed  on  your  main  line  of 
resistance  (MLR).  These  positions  should  be  as  narrow 
and  as  short  as  your  vehicle  size  permits.  You  can  use 
sandbags  or  SS-gallon  drums  filled  with  sand  to  c<mstruct 
the  drive-in  revetments.  Individual  positions  with 
overhead  cover  should  also  be  constructed  for  deployed 
personnel.  These  individual  positions  serve  to  protect 
your  drive-in  positions;  also,  they  give  you  direct  fire 
support. 

C!oiicealiiient.  Concealment  is  of  prime  importance  in 
COTStructing  your  defensive  positions.  When  and  if  time 
permits,  you  should  make  full  use  of  all  available  natural 
materials;  for  example,  trees,  logs,  and  brush. 
Manufactured  materials  such  as  bart)ed  wire,  cement, 
lumber,  sandbags,  corrugated  metal,  and  other  material 
tiiat  you  could  use  should  be  obtained  from  support 
organizations.  To  further  conceal  your  positions,  make 
maximum  use  of  surrounding  background  to  break  up 
oudines.  A  more  thorough  coverage  of  camouflage 
techniques  was  presented  earlier  in  this  text. 


Enrdsea  (E29): 

Match  each  situation  in  column  A  witii  the  column  B  type 
of  emplacement  that  should  be  const;  acted  by  writing  the 
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column  B  letter  in  the  space  provided.  Column  B  items 
may  be  used  once  or  not  at  all. 

Column  A  Column  B 

 !.  You  are  in  enemy  con-     a.  Two  one-man  foxholes. 

tract  and  must  seek     b.  Foxholes. 

immediate  cover  in  an     c.  Prone  emplacement. 

area  devoid  of  natural     d.  Shell  crater. 

cover  and  recently     e.  Horseshoe. 

bombarded  by  heavy     f.  Drive-through  fighting 

weapons.  position. 
 2.  You  have  the  time  to 

expand  the  initial  hasty 

position  you  are  lying  in 

to  make  it  fit  the  length. 
 3.  After  repelling  an  initial 

attack,  your  unit  must 

hold  its  present  position. 

You  need  to  improve 

your  present  hasty 

emplacements  for  better 

protection  against  most 

forms  of  enemy  small 

arms  fire. 
 4.  You  must  set  up  a 

machinegun 

eix^lacement  that  allows 

you  a  180*  arc  of  fire  to 

the  front.  Firing  to  the 

rear  is  not  needed. 
 5.  You  must  set  up  a 

machinegun  position 
that  "allows  for 
all-around  fire. 

E30.  Determine  how  tactical  barriers  are  used,  and 
state  how  they  enhance  defensive  positions  In  given 
situations. 

Tactical  Barriers.  Wire  barriers  (entanglements)  are 
used  to  break  up  enemy  formations  and  to  hold  the  enemy 
in  ateas  covered  by  your  defensive  fire.  They  also  protect 
you  by  preventing  close-in  surprise  attacks  on  your 
defensive  positions.  When  you  construct  these  barriers, 
place  them  close  enough  so  that  you  can  observe  them 
both  day  and  night.  At  the  same  time,  however,  be  sure  to 
place  the  barriers  far  enough  from  your  position  to  keep 
the  enemy  beyond  handgrenade  throwing  range. 

As  you  can  see,  selecting  the  proper  position  for 
barriers  is  important.  Equally  as  important,  however,  is 
selecting  the  proper  type  of  barrier.  To  help  you  do  this, 
barriers  have  been  classified  according  to  their  use  and 
their  depth. 

Use.  Entanglements  are  classified  by  use  as  tactical, 
protective,  or  supplementary. 

a.  Tactical.  Tactical  wire  entanglements  arc  sited  along 
and  parallel  to  the  friendly  side  of  your  final  protective 
line.  You  use  them  to  break  up  enemy  attack  formations 
and  to  hold  or  channel  the  enemy  in  areas  covered  by  your 
most  intense  defensive  fire.  You  can  extend  this  type  of 
entanglement  across  the  entire  front  of  your  position. 

'  Remember,  however,  that  it  doesn't  necessarily  need  to 
be  continuous. 

b.  Protective.  This  type  is  located  to  prevent  surprise 
assaults  from  points  close  to  your  defensive  area. 
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Remember  to  place  it  to  keep  the  enemy  beyond  \ 
handgrenade  range. 

c.  Supplementary.  You  can  use  this  type  to  conceal  the 
exact  line  of  your  tactical  wire.  Also,  you  can  use  it  to 
inclose  your  defensive  position  by  connecting  protective 
wire  entanglements.  If  used  to  break  up  the  line  of  your 
tactical  wire,  it  should  be  identic<il  to  the  tactical  wire 
entanglement  and  should  be  constructed  at  the  same  time. 

Depth.  The  following  are  the  three  classifications  of 
depth: 

a.  Belt.  A  belt  is  an  entanglement  that  is  one  fence  in 
depth. 

b.  Band.  This  consists  of  two  or  more  belts  with  no 
intervals  between  them.  You  may  construct  a  band  by 
using  different  types  of  fences. 

c.  Zone.  This  is  two  or  more  bands  or  belts  with 
intervals  between  them. 

Types.  Now  that  you  are  familiar  with  the 
classifications  of  entanglements,  let  us  look  at  the  types  of 
barriers  and  their  uses  (see  fig.  3-18). 

a.  Four-strand  cattle  fence.  This  fence  may  be  used  to 
designate  the  legal  base  boundary.  It  is  also  used  as  the 
center  section  of  a  doub!e«apron  fence. 

b.  Double-apron  fence.  This  fence  combines  the  four- 
strand  cattle  fence  with  apron<^  of  barbed  wire  at  the  front 
and  rear.  Its  effectiveness  can  be  increased  by  installation 
of  tripwires. 

c.  Standard  concertina.  The  triple^strand  concertina 
fence  is  usually  a  better  obstacle  than  the  double-i^non 
fenr  a.  Concertina  fences  are  held  down  by  stakes  placed 
at  intervals  of  not  more  than  2  meters.  These  stakes  are 
used  on  the  single  concertina  fence  and  on  the  front  strand 
of  the  double  and  triple  types.  There  are  three  types  of 
concertina  fence  you  can  use: 

(1)  Single.  This  single  line  of  concertina  is  erected 
quickly  and  easily,  but  it  is  not  an  effective  obstacle. 

(2)  Etouble .  This  consists  of  a  double  line  of  concertina 
with  no  interval  between  lines.  The  two  lines  are  installed 
with  staggered  joints.  Also,  double  concertina  is  less 
effective  than  a  double-apron  fence.  It  is  used  to 
supplement  other  obstacles  in  a  band  or  zone. 

(3)  Triple  strand.  This  consists  of  two  lines  of 
concertina  serving  as  a  base,  with  a  third  line  resting  on 
top.  All  lines  are  installed  with  staggered  joints.  Each  line 
is  completed  before  the  next  is  starred  so  that  a  partially 
completed  concertina  entanglement  will  present  some 
obstruction.  It  is  erected  quickly  and  is  difficult  to  cross  or 
crawl  through. 

Portable  barbed-wire  obstacles.  Concertina  wire  is  an 
effective  obstacle  that  can  easily  be  moved,  used  to 
temporarily  close  gaps  or  lanes,  or  used  for  adding 
obstacles  to  already  established  barriers.  Other  portable 
barbed-wire  obstacles  you  can  use  are: 

a.  Spirals  of  loose  wire.  By  filling  open  spaces  in  and 
between  your  wire  entanglements  with  spirals  of  loose 
wire,  the  obstacle  effect  is  substantially  increased.  Men 
are  tripped,  entangled,  and  temporarily  inmiobilized  by 
the  loose  wire. 
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b.  Knife  rest.  The  knife  rest  is  a  portable  wooden  or 
metal  frame  strung  with  barbed  wire.  It  is  used  when  you 
need  a  readily  removable  barrier;  for  example,  at  lanes  in 
wire  obstacles  or  at  roadblocks.  Knife  rests  arc  normally 
constructed  with  3  to  5  meters  between  crossmembers. 
They  should  be  approximately  1  meter  high,  and  the 
crossmembers  must  be  firmly  lashed  to  each  horizontal 
member  with  plain  wire.  Insure  that  you  firmly  secure  the 
knife  rest  in  its  position. 

c.  Tripyi^ircs.  Inmiediately  after  a  defensive  positon  is 
occupied,^  tripwires  should  be  placed  just  beyond  grenade 
range.  The  wires  should  stretch  about  8  inches  above  the 
ground  and  be  fastened  to  pickets  at  not  more  than  5-meter 
intervals.  They  can  be  concealed  in  long  grass,  or  on  a 
natural  line,  such  as  the  side  of  a  path  or  the  c^ge  of  a 
field.  Tripwires  should  be  placed  in  depth,  in  an  irregular 
pattern,  to  enhance  their  disguise. 

Tanglefoot.  Tanglefoot  is  used  where  concealment  is 
possible.  The  obstacle  should  be  used  in  a  minimum  depth 
of  10  meters.  Space  your  holddown  pickets  at  irregular 
intervals  from  1  to  3  meters,  with  the  height  of  the  barbed 
wire  varying  from  8  to  30  inches.  Tanglefoot  should  be 
sited  in  scrub,  if  possible,  using  bushes  as  supports  for 
part  of  the  wire.  In  open  ground,  short  pickets  may  be 
used. 

Exercises  (E30): 

Determine  how  barbed-wire  barriers  are  being  used  by 
matching  the  column  A  situations  with  the  appropriate 
classification  listed  in  column  B  by  writing  the  column  B 
letter  in  the  space  provided.  Colunm  B  items  may  be  used 
once  or  not  at  all.  Briefly  state  how  the  barriers  enhance 
your  defensive  positions. 


Column  A  Column  B 

  1.  Barriers  arc  positioned     a.  Protective. 

along  and  parallel  to  the     b.  Tactical. 

friendly  side  of  your     c.  Supplementary. 

final  protective  line. 
 2.  Barriers  are  used  to 

complement  and/or 

joinotber  wire  baniers. 
 3.  Barriers  are  installed 

around  your  defensive 

positions  at  distances 

designed  to  keep  the 

enemy  beyond 

handgrenade  throwing 

range. 

E31.  Given  hypothetical  situations,  determine  how 
weapon  emplacements  ai;d  tactical  barriers  are  used 
in  base  and  sector  defense. 

Weapon  Emplacements,  Base  and  sector  defense 
weapon  emplacements  are  located  to  cover  a  selected  area 
with  fire,  taking  advantage  of  any  natural  cover  and 
concealment.  The  most  commonly  used  emplacements 
were  discussed  earlier  in  this  chapter.  One  main  point  to 
Iceep  in  mind  when  plaiming  or  constructing  weapon 
emplacements  is  that,  in  defensive  firing  positions, 
maximum  fields  of  fire  and  observation  in  the  direction  of 
die  enemy  should  not  be  sacrificed  for  elaborate  overhead 
cover.  Obviously,  then,  weapon  emplacements  must  be 
built  to  coincide  with  your  fire  plans. 

Fire  plans.  Fire  plans  must  be  prepared  for  each 
defended  locality  (whether  occupied  by  a  fire  team, 
squad,  or  flight)  and  must  be  consolidated  at  sector  level 
before  coordination  is  attempted  with  adjacent  sectors. 


FOUR-STRAND  CATTLE 
FENCE  WITH  APRON 
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Basically,  a  sector  fire  plan  must  provide  for  (1)  placing 
long-range  fire  on  enemy  personnel  as  soon  as  they  come 
under  observation,  (2)  subjecting  enemy  personnel  to  an 
increasing  volume  of  fire  as  they  approach  the  tactical 
defenses,  (3)  breaking  up  the  attacking  fonx  with  close 
defensive  fire,  and  (4)  stopping  an  enemy  assault  with 
final  protective  fire. 

Defense  in  depth,  interlocking  fires,  and  mutual  support 
oetween  defended  localities  and  between  detense  sectors 
are  essential.  For  instance,  machineguns  should  be 
positioned  to  provide  maximum  grazing  fire  between  the 
frontage  of  adjacent  localities.  Individual  rifle  positions 
are  selected  to  suppoit  and  protect  machinegun  positions, 
provide  supplemental  fire  for  the  unit  area,  and  add  depth 
to  the  defense.  Weapon  emplacements,  as  we  stated 
previously,  must  be  built  to  direcdy  support  your  fire 
plans. 

Emplacement  considerations.  The  following 
considerations  affect  the  type  and  location  of  weapon 
emplacements: 

a.  Employment  of  weapons.  Emplacements  must 
permit  effective  use  of  the  weapons  for  which  they  were 
designed.  This  requirement  may  limit  the  protection  that 
can  be  provided  and  may  influence  the  design  and  depth 
of  adjacent  shelters. 

b.  Protection.  As  far  as  possible,  protection  should  be 
provided  against  all  hazards  except  a  direct  hit  by  heavy 
artillery.  This  means  that  excavation  should  be  as  small  as 
possible,  consistent  with  space  requirements,  in  order  to 
obtain  maximum  protection  from  the  walls  against 
aiibursts  and  to  limit  the  effective  target  area  for  high 
trajectory  weapons.  Some  of  the  main  methods  used  to 
obtain  this  protection  are  presented  later  in  this  section. 

c.  Simplicity  and  economy.  The  emplacement  or 
shelter  should  be  strong  and  simple,  require  as  little 
digging  as  possible,  and  be  constructed,  when  possible, 
with  materials  that  are  inunediately  available. 

d.  Progressive  development.  Your  plans  for  defensive 
work  should  allow  for  progressive  development.  This 
improves  the  usefulness  of  emplacements.  You  can 
develop  emplacements  in  three  steps: 

(1)  Digging  in  quickly  where  speed  is  the  principal 
consideration,  and  no  special  tools  or  materials  are 
required. 

(2)  Improvising  with  local  materials. 

(3)  Refining,  using  stock  materials. 

e.  Concealment.  Weapon  emplacements  should  be 
buiH  so  that  the  completed  work  can  be  concealed.  It  may 
not  be  practical  to  conceal  a  defensive  position 
completely,  but  it  should  be  concealed  sufficiently  to 
prevent  the  enemy  from  spotting  the  defensive  position  by 
casual  ground  observation.  If  possible,  you  should  buUd 
dummy  positions  at  the  same  time  that  tb^  primary  and 
alternate  positions  are  built. 

Protection.  The  most  predominant  hazard  during 
ground  defense  operations  is  firo  from  conventional 
weapons.  Therefore,  the  construction  of  weapon 
emplacements  must  be  geared  primarily  toward  obtaining 


protection  against  this  hazard.  Tl^is  is  done  by  digging  in, 
providing  overhead  cover,  .{|nd  erecting  standoff  fencing. 

a.  Digging  in.  Protection  against  conventional 
weapons  is  best  provided  by  constructing  a  thickness  of 
earth  and  other  materials.  This  is  done  by  digging  into  the 
ground  so  that  personnel  and  equipment  can  offer  the 
smallest  possible  target.  Digging  in  also  provides  some 
protection  against  artillery,  infantry,  heavy  weapons, 
bombs,  and  other  aerial  weapons. 

b.  Overhead  cover.  Overhead  protection  is  especially 
important  in  forward  areas  where  the  threat  includes 
aiiburst  shelling.  Covered  firing  positions  must  be  built 
for  individual  r^emen.  Small,  readily  accessible  shelters 
adjacent  to  wc^)on  emplacements  arc  also  necessary. 
Available  materials  may  be  used,  but  cover  must  be  kept 
low  or  the  oudine  modified  to  blend  with  its  surroundings . 

c.  Standoff  fencing.  Standoff  fencing  is  intended  to 
cause  point  detonating  or  inertial-impact-fiised  rounds  to 
explode  before  hitting  the  defensive  position.  Chainlink 
fencing  is  used  for  this  purpose,  and  it  should  be  located 
10  to  25  feet  from  the  position. 

Tactical  Barriers.  Basically,  in  base  or  sector  ground 
defense  operations,  tactical  barriers  are  used  to 
complement  fire  plans.  They  consist  of  a  coordinated 
series  of  natural  and  artificial  obstacles  that  are  used  to 
charmel,  restrict,  delay,  or  stop  enemy  ground  movement. 

An  important  point  to  remember  is  that  an  obstacle  may 
constitute  either  an  advantage  or  a  disadvantage.  For 
example,  an  obstacle  perpendicular  to  the  direction  of 
attack  favors  the  defender;  it  slows  or  channels  the 
attacker.  Conversely,  an  obstacle  that  is  parallel  to  the 
direction  of  the  attack  may  help  to  protect  die  flank  of  an 
attacking  force.  For  this  reason,  you  must  look  at  each 
obstacle  or  barrier  closely,  determine  what  you  want  it  to 
do,  and  insure  that  this ^  ob  is  being  done.  Above  all,  make 
sure  that  each  barrier  is  working  for  you,  not  against  you. 

Natural  obstacles.  Natural  obstacles,  such  as  ravines, 
streams,  marshes,  and  forests,  can  be  used  to  advantage  in 
a  barrier  plaa.  These  obstacles,  when  supported  by 
artificial  barriers  (such  as  barbed  wire),  often  make  the 
most  effective  tactical  barriers.  For  this  reason,  good  use 
should  be  made  of  available  natural  or  seminatural 
obstacles.  For  example,  wateriogged  ground  and  large 
watershed  drains  (pools  or  ponds),  supported  by  wire 
entanglements,  can  present  a  formidable  barrier  to 
aggress<m. 

Perimeter  barriers.  Fences  are  used  to  delay  the  enemy 
and  compound  the  problems  they  face  in  negotiating  the 
perimeter.  Vegetation,  ravines,  buildings,  debris,  and 
any  other  form  of  concealment  should  be  removed  or 
destroyed.  Wire  entanglements,  roadblocks,  and 
mineHelds  can  be  used  to  cover  likely  avenues  of 
^qproach  and  vulnerable  parts  of  the  base  perimeter. 
Remember  that  no  matter  what  fence  system  is  used,  it 
must  have  depth,  the  sentries  maintaining  surveiUance 
over  it  must  be  alert,  and  it  must  be  effectively  covered  by 
defensive  Hre. 

Lighting.  Ligats  should  be  installed  to  provide  for 
maximum  night  visibility.  Use  of  such  lifting,  however, 
depends  on  tactical  considerations  at  the  tinoe.  Additional 
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devices,  such  as  trip  flares,  antipersonnel  mines,  ground 
radar,  and  sensors,  are  also  used  to  enhance  the 
effectiveness  of  barriers. 

Interior  barriers.  Tactical  wire  barriers  are  used  within 
the  perimeter  to  limit  and  channel  penetrations  by  enemy 
^ups  or  individuals.  These  interior  barriers  can  be  as 
simple  as  a  single  strand  of  wire,  3-  to  4-foot  high. 
Generally,  they  are  placed  in  a  manner  that  prevents  a 
direct  approach  to  vital  areas. 

Provisions  must  be  made  to  cover  these  barriers  by 
automatic  weapons  fire  teams,  by  assignment  as  an 
alternate  mission  for  such  weapons  teams.  The  barriers 
are  constructed  as  inconspicuously  as  possible,  and  are 
relocated  periodically  to  prevent  counterplanning  by  the 
enemy. 

It  is  important  to  insure  that  interior  barriers  do  not 
preclude  the  reserve  force's  freedom  of  movement.  For 
this  reason,  conteratucking  forces,  as  well  as  all  other 
personnel  who  woric  within  areas  reinforced  with  barriers, 
must  be  thoroughly  familiar  with  the  location  of  all 
barriers. 

Lanes  and  gaps  are  provided  for  the  passage  of  reserve 
forces,  patrols,  woric  parties,  and  counterattacking  forces. 
When  not  in  use,  they  are  sealed  by  the  use  of  portable 
obstacles  covered  by  weapons  fire.  In  barbed-wire  zones, 
lanes  and  gaps  are  staggered  in  a  zigzag  pattern. 


Exercises  (E31): 

You  are  tasked  with  evaluating  weapon  emplacements 
and  tactical  barriers  on  your  base  to  insure  that  they 
effectively  support  fire  plans  and  protect  personnel. 
During  your  evaluation,  you  must  insure  that  the  specific 
criteria  listed  in  column  A  are  met,  Match  the  colunm  A 
item  with  the  column  B  type  of  weapon  emplacement, 
related  protective  action,  or  tactical  barrier  that  would 
most  likely  achieve  the  result  described  by  writing  the 


column  B  letter  in  the  space  provided.  Column  B  items 
may  be  used  once  or  more  than  once. 


10. 
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Column  A 

.  Provide  grazing  fire 
across  the  frontage  of 
adjacent  areas. 
Cause  point  detonating 
rounds  to  explode 
before  hitting 
defensive  positions. 
Should  be  covered  by 
defensive  fire. 

.  Should  be  relocate  1 
periodically  Co  prevent 
counterplanning  by 
the  enemy. 

Provide  the  means  for 
personnel  and 
equipment  to  offer  the 
smallest  target 
possible. 
.  Must  not  hinder  the 
ovement  of  response 
forces. 

Provide  supplementary 
fire  for  the  unit  area 
and  add  depth  to  the 
offense. 

Limit  or  channel  the 
movement  of  enemy 
penetrators  to  areas 
covered  by  your  most 
intensive  fire. 
Provide  protection  of 
personnel  against 
airimrst  shelling. 
Must  be  supported  and 
protected  by 
individual  rifle 
positions. 

Increase  the  problems 
the  enemy  faces  in 
trying  to  penetrate 
your  outer  defenses. 


Cclumn  B 

a.  Overhead  cover. 

b.  Perimeter  barriers. 

c.  Machinegun  emplacements. 

d.  Dug-in  positions, 
c.  Interior  barriers. 

f.  Individual  rifle  po-^'fions. 

g.  Standoff  fencing. 
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CHAPTER  4 


Convoy  Techniques 


A  NfOJTARY  FORCE  must  be  able  to  get  from  one  place 
to  another  widi  the  necessary  men  and  supplies  if  it  is  to 
perform  its  mission.  The  outstanding  ability  of  U.S. 
Fmces  to  do  diis  today  makes  them  the  most  mobile  force 
diat  die  worid  has  ever  known.  A  great  deal  of  this 
mobility  depends  upon  the  transpoftation  of  many  people 
and  large  quantities  of  materials  by  military  vehicles.  This 
movement  of  people  and  material  can  be  nudntained  only 
so  long  as  vehicle  operations  personnel  are  qualified  in  all 
phases  of  motor  transportation,  One  of  these  phases  is 
convoy  operation.  This  chapter  provides  you  with 
knowledge  of  the  kinds  of  convoys»  coordination  required 
with  civil  authorities,  planning  and  control  of  convoys, 
and  the  field  and  mechanical  expedients  you  are  required 
to  know  aa  a  supervisor  of  convoy  opentions. 

4-1,  Convoy  Tomio 

Tho  techniques  of  organization  and  numagement  of 
convoys  have  been  developed  by  die  U.S.  Armytoavery 
high  degree.  This  haa  been  the  result  of  die  Army*s  heavy 
reliance  upon  military  vehicles  for  its  ground 
transpoftation.  Transportation  widiin  Ae  Air  Foice  haa 
been  directed  toward  the  use  of  air  transport  whenever 
practical.  However,  Air  Force  motor  transportation  in 
particularly  well-suited  for  short  hauls  and  supply 
distribution.  Anottier  exceptionally  useftd  advantage 
motor  transportation  ia  its  ability  to  reach  an  unlimited 
number  of  points  which  cannot  be  scsrviced  odierwise. 
This  makes  it  necesaary  for  Air  F6roe  vehicle  opmtiona 
personnel  to  have  a  working  knowledge  of  convoy 
techniquea. 

E32.  DiflM  tanne  need  In  convoy  operations. 

Cottvoj  Deftft^.  A  convoy  is  die  movement  of  a 
group  of  motor  vehicles  under  tte  control  of  a  designated 
individual.  Its  purpose  is  to  facilitate  the  coordinated 
niovement  of  penK>nnel  and  materiel:  it  is  also  used  for  the 
practical  training  of  personnel  responsible  for  such 
operationa.  The  individual  designated  to  control  -die 
movement  is  the  ooovoy  commander.  He  may  be  either  an 
airman  or  an  ofncer--4hls  depends  on  the  size  and 
purpose  of  die  movement. 

bi  many  caaesi  a  convoy  is  called  a  motor  march. 
Actually,  the  two  terma  are  synonymous  and  are  used 
hiteichangeably .  A  motor  march  is  quite  fonnalized,  with 
very  rigid  controls  applied.  Snudl  convoya  are  more 
infonnal  and  controls  ere  inclined  to  be  more  flexible. 


Terms  Uaed  In  Convoy  Operation.  There  aie  several 
terms  peculiar  to  convoy  operation  that  you  should  know. 
The  more  commonly  used  terms  are  defined  in  the 
following  paragraphs. 

Control  vehicle.  The  vehicle  which  precedes  a  convoy 
(motor  column)  or  one  of  its  elements  (serial)  and  sets 
pace  or  rate  of  march. 

Ftxed  column,  A  motor  column  (convoy)  in  which  a 
prescribed  space  between  vehicles  is  maintained 
regardless  of  die  speed. 

Governed  column.  The  spacing  between  vehicles  is 
governed  by  s  speedometer  multiplier  or  by  some  other 
means, 

Lead,  The  linear  spacing  between  the  heads  of 
successive  vehicles,  march  uoits,  serials,  or  columns. 

March  graph,  A  time-distance  diagram  used  in 
planning  and  controlling  motor  marches, 

March  unit,  A  subdivision  of  a  serial  which  moves  and 
halts  on  the  command  or  signal  oi  the  nuu:Gh  urtit 
commander. 

Rate  cf  march.  The  average  speed  of  a  motor  colunm 
over  a  p^^rlod  of  time,  including  short,  periodic  halts. 

Serial,  A  major  subdivision  of  a  motor  column  which 
consists  of  elements  moving  from  one  area  to  the  same 
destination.  These  elements  are  grouped  under  a  serial 
commander. 

Speedometer  multiplier  (SM),  Any  number  by  which 
the  speedometer  reading  in  miles  per  hour  is  multipled  to 
determine  the  vehicle  distance  in  yards.  At  20  mfh^  with 
an  SM  of  2,  the  distance  between  vehicles  would  be  40 
yards. 

Tttne^distancen  The  time  required  for  a  motor  colurrm, 
or  one  of  its  elements,  to  movo  from  one  point  to  anotiier 
at  a  given  rate  of  speed. 

7>q01c  density.  The  number  of  vehicles  that  pass  a 
given  point  within  a  given  period  of  time;  e.g.,  SOO 
vehicles  per  lane  per  hour.  It  can  also  be  defined  as  the 
number  of  vehicles  occupying  a  mile  of  roadway  at  any 
given  time. 

Types  of  Convcqra*  We  can  separate  convoys  into  duee 
kinds:  normal  convoys,  hazardous  convoys,  and  convoya 
transporting  classified  equipment. 

Normat  convoys.  These  are  convoys  consisting  mainly 
of  general-purpose  vehicles  that  do  not  exceed  legd 
limitations  of  m#ir<t«ym  overall  length,  width,  height, 
weight,  or  axle  loadings  permitted  by  die  stales  throu^ 
which  the  movement  is  made.  They  are  also  c^^able  of 
maintaining  nomud  speeds  on  the  highway. 
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Httzardous  convoys.  These  are  convoys  composed  of 
large,  bulky  motorized  equipment.  One  or  more  vehicles 
may  be  extra  wide»  having  overhanging  or  projecting 
obstacles  to  traffic;  may  be  overlength;  or  may  travel  at 
unusually  slow  speeds.  For  all  practical  purposes » 
overweight  vehicles  can  be  put  in  this  category »  since 
most  overweight  vehicles  have  one  or  more  of  the 
preceding  characteristics. 

Convoys  transporting  classified  equipment.  These 
convoys  may  consist  of  normal  transport  vehicles  or  they 
may  involve  hazardous-type  vehicles.  Oversize  vehicles 
are  required  for  transporting  specialized  missile 
equipment.  Usually,  convoys  with  classified  equipment 
are  comparatively  small  and  often  have  only  one  transport 
vehicle  with  the  necessary  escorts. 

Exercises  (E32): 

1.  Define  the  following  terms, 
a.  Fixed  column. 


b.  March  graph. 


c.  Serial. 


d.  Speedometer  multiplier  (SM). 


e.  Time-distance. 


f.  Traffic  density. 


g.  Normal  com  oy. 


h.  Hazardous  convoy. 


4-2.  Planning  and  Coordination. 

E33.  State  factors  to  be  considered,  sources  and  kinds 
of  Information,  and  tlie  Importance  of  route 
rrronnalssapcc  In  planning  convoy  movements. 

General  Planning  Factors.  There  are  a  number  of 
factors  that  determine  the  amount  of  planning  needed 
when  a  convoy  movement  is  to  be  made.  When  convoy 


movements  are  being  formulated »  you  must  find  out  the 
purpose  of  the  convoy »  quantity  and  type  of  cargo  to  be 
hauled*  loading  point,  destination*  and  arrival  time.  This 
information  is  usually  obtainable  from  orders  and 
instructions  issued  by  higher  authorities. 

Next,  determine  the  number  and  type  of  vehicles  which 
are  necessary.  This  can  be  decided  citer  the  amount  and 
type  of  cargo  are  known.  The  number  of  personnel 
n&cessary  depends  to  a  great  extent  upon  the  number  and 
type  of  vehicles  needed. 

Now»  determine  the  supplies  that  are  required.  The 
number  of  vehicles,  distance  to  travel,  and  personnel 
involved  arc  the  frctors  to  be  coasider&d.  When  all  this 
has  been  done,  you  should  answer  the  following 
questions: 

•  What  is  the  best  route? 

•  What  are  the  halts  to  be  made? 

•  At  what  speed  will  the  convoy  travel? 

•  Where  will  fuel,  oil,  and  other  supplies  be  obtained? 

However,  if  you  are  not  familiar  with  the  aiea  of 
movement,  do  not  attempt  to  answer  these  questions  until 
you  have  made  a  route  reconnaissance.  You  will  tbea  be 
able  to  answer  the  preceding  questions  regarding  the 
route.  After  answering  these  questions,  decide  which  type 
of  march  you  will  use  and  arrange  the  convoy 
accordingly.  You  must  also  arrange  for  convoy  control. 

Finally,  most  movements  within  the  continental  United 
States  or  its  territories  must  be  coordinated  with  the  civil 
traffic  authorities  before  they  are  started.  Be  sure  to  get  all 
the  necessary  permits  and  clearances  required  from  the 
civil  authorities  as  early  as  possible. 

Route  Reconnaissance.  Route  reconnaissance  sin4>ly 
means  to  survey  a  route  over  which  a  convoy  movement 
will  be  made.  This  survey  is  used  to  gather  needed 
information  concerning  the  route  and  adjacent  areas  for 
planning  the  move.  Reconnaissance  should  be  made 
before  and  during  any  motor  move. 

You  may  obtain  basic  information  from  maps  (either 
standard  highway  or  military),  personal  knowledge,  and 
reports  furnished  by  engineers,  state  police,  and  weather 
forecas'iers.  Within  the  continental  limits  of  the  United 
States  and  in  most  oversea  areas,  you  will  find 
well-mariced  routes  and  traffic  personnel  available.  But 
even  so,  you  may  make  a  limited  reconnaissance  to 
prevent  accidents  or  delays.  In  combat  areas,  you  must 
make  a  more  thorough  reconnaissance — lack  of 
information  there  may  prove  disastrous  both  to  personnel 
and  equipment. 

If  your  reconnaissance  is  thorough,  it  should  provide 
you  with  the  following  information: 

a.  The  location  and  nature  of  major  routes  in  the  area. 

b.  The  location  and  characteristics  of  major  road 
junctions. 

c.  The  location  and  characteristics  of  detours  or 
bypasses. 

d.  The  time  and  distance  measurements  between  major 
points. 

e.  'Hie  types  of  road  surface  and  the  condition  of 
roadway  and  shoulders. 
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/  The  width  of  each  roadway  and  the  number  of  traffic 
lanes  available  for  movement  in  each  direction. 

g.  The  maximum  grades  (percent). 

A.  Limiting  physical  features  of  the  available  routes 
(clearances,  heights,  loads*  and  widths). 

L  Facilities  providing  ftiel;  repairs,  rations,  water, 
and  other  supplies. 

j.  Availability  of  medical  facilities  in  the  area. 

k.  The  traffic  density  at  critical  points. 

/.  The  variations  in  tndfHc  density. 

m.  The  location  of  critical  points  (bottlenecks,  points 
needing  traffic  central,  or  highway  regulation). 

n.  Availability  and  type  of  communications  facilities. 

o.  Traffic  control  devices  and  dieir  locetioiu. 

p.  Types  of  traffic  controls  that  are  or  can  be  used. 

q.  The  locations  of  potential  hazards  (lack  of  roadways, 
ice  and  snow,  steep  grades,  etc.). 

r.  The  locations  and  characteristics  of  fords. 

s.  The  routes  which  afford  maximum  protection  from 
hostile  ground  or  air  attack. 

t.  Road  and  bridge  construction  that  may  be  required. 

II.  Sites  diat  may  be  adequate  for  dumps  or  depots. 

Extftdses  (E33): 

1.  How  are  the  number  and  type  of  vehicles  determined 
in  a  convoy  move? 


2.  Why  is  route  reconnaissance  important  in  a  move? 


3.  What  factor  deteitnines  the  number  of  personnel 
needed  for  a  convoy? 


4.  Complete  the  following  statements  (one  word  in  each 
blank):  Basic  information  to  be  used  in  route 
reconnaissance  may  be  obtained  from  highway 

 ,  personal  knowledge,  and  reports 

furnished  by  engineers,  estate  police,  and  weather 

 .  A  thorough  reconnaissance  usually 

reveals  information  conceiming  the  location  of 

 sui^ly  facilities  tod  critical  

en  route. 

E34.  State  raqKHistbllities,  procedurca,  «sd  scaires 
iiifoniiatioii  In  the  comrdlii^JkMi  and  application  of 
control  measnna,  escort  reqa^moftnts,  and  permits 
for  convoy  movements. 

Coordination/Escort  Requirements  for  Normal 
Convoys.  Normal  convoy  movements  outside  the  local 
area  consisting  of  10  or  nKne  vehicles  organized  as  a 
column  are  coordinated  with  civil  traffic  authorities  by 
higher  headquarters.  This  also  applies  to  movements  of 
10  or  more  vehicles  dispatched  over  die  same  route  to  die 


same  destination  during  a  1-hour  period.  Arrangements 
with  civil  authorities  for  local  movements  are  handled  by 
the  base  transportation  officer  in  coordination  with  the 
security  police  officer. 

Special  Procedures  and  Escort  Requirements  for 
Haacardous  Convoys.  Normal  convoys  are  protected  in 
both  the  fipont  and  the  rear  by  escort  vehicles .  These  escort 
vehicles  should  be  equipped  with  red  warning  lights, 
flares,  and  other  emergency  equipment.  These  vehicles 
travel  far  enough  in  front  of  and  behind  the  convoy  to  give 
adequate  warning  to  all  approaching  traffic. 

Hazardous  convoys  require  special  maricings,  red 
flags,  and  lights  to  make  them  readily  identiflable  and  to 
reduce  their  danger  to  other  traffic.  Special  marldngs  and 
procedures  also  apply  to  all  vehicles  transporting 
explosives.  Each  truck  carrying  explosives  or 
anununition  is  properly  marked  widi  explosive  warning 
signs.  The  word  ''explosives*'  or  ''dangerous,**  as 
determined  by  the  class  of  explosives,  is  exhibited  in 
letters  at  least  6-inches  high  on  reflectorized  placards. 
These  placards  are  posted  on  the  front,  rear,  and  both 
sides  of  every  vehicle.  When  2  or  more  tnicks  carrying 
explosives  are  traveling  together,  a  minimum  distance  of 
300  feet  is  maintained  between  vehicles.  Department  of 
TranspcHtation  regulations  govern  the  transportation  of 
explosives  on  public  highways.  Specific  safety 
precautions  for  the  transportation  of  explosives  are  given 
in  AFR  127-100,  Explosive  Standards. 

Escort  vehicles  lead  and  follow  these  convoys. 
Normally,  escort  vehicles  are  equipped  with  and  display 
rotating  red  flashing  beacons  and  also  keep  their 
headlights  on.  Suitable  signs  (preferably  luminous)  are 
displayed,  indicating  that  a  convoy  follows  or  is  ahead. 
Radio  communications  are  used,  when  available,  to 
facilitate  normal  conununications  and  the  inunediate 
adoption  of  emergency  procedures. 

Other  vehicles  in  the  convoy  will  have  headlights  and 
running  lights  turned  on  at  all  times.  All  overhanging  and 
projecting  equipment  is  marked  with  red  flags  during 
daylight  when  visiblity  is  good;  red  and  amber  lights  are 
used  during  periods  of  poor  visibility  and  at  night. 

The  vehicle  operations  officer  and  the  convoy 
commander  are  responsible  for  insuring  that  these 
convoys  are  equipped  for  all  conditions  expected.  The 
coordination  with  civil  authorities  for  the  movement  of 
iiazardous  convoys  is  carried  out  by  higher  headquarters. 

Special  Procedures/Requirements  for  Classified 
Convoys.  Small  classifled  convoys  of  vehicles  not 
exceeding  legal  limitations  on  size  or  weight  can  be 
coordinated  locally.  However,  oversize  classified 
equipment  requires  the  same  cocndination  as  any  odier 
hazardous  convoy. 

Convoys  with  classified  equipment  are  under  the  direct 
control  of  a  security  officer,  who  may  also  act  as  convoy 
conunander.  Also,  escorts  leading  and  following  die 
convoy  are  security  guards.  The  number  of  guards  and 
their  locations  in  the  convoy  are  determined  by  the 
conunander  ordering  the  movement.  Driver  personnel 
must  have  security  clearances. 
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Procedor«f  In  Coordination  and  Obtaining  Permits 
for  Convoys.  The  first  thing  is  to  determine  whether  or 
not  the  vehicle  is  oversize  or  overweight,  thereby 
requiring  a  clearance.  Each  state  has  established  its  own 
limitations  on  vehicle  widths,  heights,  lengths,  weights, 
and  axle  loadings.  Since  these  limitations  vary 
considerably  from  state  to  state,  you  must  be  familiar  with 
those  fbr  all  the  states  in  which  your  vehicles  operate.  You 
can  get  this  information  by  checking  state  laws  or  by 
asking  the  ^)propriate  highway  officials.  However,  there 
is  a  simpler  method.  The  American  Trucking 
Association,  Inc.,  publishes  a  consolidated  chart  that 
shows  current  information  on  vehicle  sizes  and  weights 
and  other  related  matters  for  highway  carrici^.  This  is  not 
an  official  Air  Force  publication  but,  it  is  used  for  military 
vehicle  movements  and  conomercial  carriers. 

The  Director  of  Transportation  l^ld  Supply  of  the 
appropriate  air  logistics  center  ( ALC)  ih  the  repiesentative 
designated  to  secure  permits  for  military  vehicle 
movements.  The  Director  determines  whether  or  not  the 
movement  by  highway  is  essential  to  national  security 
and,  when  appropriate,  makes  all  the  necessary  requests 
and  certifications  to  the  authorities  of  the  states  involved. 

In  some  <:;ases,  there  is  a  recurring  need  for  oversize, 
overwei^t,  and  special  movements  of  military  vehicles 
within  a  limited  area.  The  director  (mentioned  above) 
coordinates  and  arranges  for  formal  agreements  with  state 
and  local  civil  audxmties  for  such  movements.  Copies  of 
diese  agreements  are  fiimisbed  to  state  officials,  local 
military  officials,  and  Oie  Director  of  Transportation, 
Headquarters  USAP.  When  a  movement  is  to  be  made 
under  an  agreement,  the  local  base  transportation  officer 
notifies  the  civil  authorities  of  the  move  and  obtains  the 
necessary  permits. 

When  an  essential  movement  which  is  not  cov  led  by 
an  agreement  must  be  made,  the  local  base  transportation 
officer  will  request  the  I4>pro:'9riate  ALC  Director  of 
Transportation  and  Supply  to  negotiate  for  the  lequiied 
permits.  The  request  should  be  prepared  on  DD  Form 

1265,  R  xiuest  for  Convoy  Clearance,  or  on  DD  Form 

1266,  Request  for  Special  Hauling  Ptrmit.  These  forms 
furnish  all  the  information  normally  needed  for 
negotiation.  The  information  to  be  fiimished  for  oversize 
or  overweight  vehicles  includes,  as  a  minimum,  the 
following: 

a.  Type  of  equipment  with  the  manufacturer's  name,  if 
available,  and  pertinent  accessories;  gross  weight;  axle  or 
track  loads  and  spacing;  and  the  height,  width,  and  length 
of  the  vehicle,  both  loaded  and  unloaded. 

b.  Origin  and  destination  of  the  movement. 

c.  Pkt^osed  date  and  time  of  the  movement. 

d.  Nature  of  the  cargo  (within  security  limitations). 

In  addition,  reasons  must  be  given  why  oversize  or 
overweii^t  vehicles  or  loads  cannot  be  reduced.  Also 
justifici^on  must  be  given  as  to  why  hi^wi^  naovement, 
as  opposed  to  anodiermode  of  tranqxxtadon,  is  essential. 

In  urgent  cases,  applications  for  permits  can  be  made 
by  electrical  conmiunications  means.  These  message 
requests  sh^d  give  the  required  information  in  the 
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numerical  order  given  on  the  DD  forms  and  shoc'^  be 
confirmed  through  the  submission  of  the  applicable  form. 

Except  m  an  rmeigency,  all  permits  and  clearances 
necessary  for  convoy  movements  should  be  obtained  at 
least  24  hours  before  the  movement.  Also,  if  civil  police 
escorts  or  traffic  personnel  are  needed,  arrangements  for 
them  must  be  made  at  least  24  hours  ahead  of  time. 

Eswrcfaes  (E34); 

1 .  You  have  a  movement  which  involves  1 9  vehicles.  All 
the  vehicles  will  reach  the  same  destination  within  a 
1-hour  period.  Who  is  responsible  for  the  initial 
coordination? 


2.  Who  has  (he  direct  control  of  vehicles  transporting 
classified  equipment? 


3.  What  is  the  best  source  for  information  pertaining  to 
state  laws  concerning  overweight  or  oversize  vehicles 
for  movement  over  highways? 


4.  Name  the  officials  that  are  given  a  c<^y  of  a  written 
formal  agreement  for  oversize,  overweight,  and 
special  movement  of  military  vehicles. 


5.  What  forms  are  used  for  requesting  permits  for 
essential  oversize  convoy  movements  not  covered  by 
formal  agreements  with  appropriate  civil  authorities? 


E35.  Specify  the  diieTdlfferaKe,  the  advantages,  and 
the  diandvnntagcay  in  the  three  types  of  motor 
mmrebum. 

After  gaininf  the  necessary  information  concerning  the 
rotate  or  routes,  you  should  determine  the  type  of  motor 
march  to  use.  Three  general  types  of  marches  may  be 
employed — c!ose  column,  open  column,  and  infiltration. 
The  durferenc::  ^^twc^en  these  marches  is  largely  vehicle 
spacing.  Dt^^^u^so  ^ni  sn'xds  will  vary  widi  such  factors 
as  wecfccf,  vv^cal  sitr^atio^i,  enemy  capability,  condition 
atsd  type  or  road,  vehicular  maintenance,  types  of 
vehicles,  etc.  The  following  descriptions  are  accepted 
values  for  aventge  conditions. 

Cloae  Cohunn  Ntj^rch.  Qose  column  is  die  fcmnation 
generally  used  in  moves  under  blackout  conditious  or  in 
movements  through  congested  areas.  For  planning 
purposes,  figure  that  vehicles  move  at  a  rate  or  lOmilesin 
the  hour  (**in  the  hour* '  refers  to  distance  covered  and 
miles-per-hour  speedometer  readings)  with  a  density  i 
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67  vehicles  per  mile  of  road.  In  other  wotds,  elements  of 
the  column  are  grouped  as  compactly  as  possible  to 
reduce  road  space  to  a  minimum.  Vehicles  in  close 
column  follow  each  other  at  the  minimum  distance  which 
safety,  traffic  conditions,  and  the  tactical  situation  will 
permit. 

Advantages.  The  full  traffic  capacity  of  the  road,  or 
trafHc  lane,  can  be  used  since  road  space  is  reduced  to  the 
minimum  required  for  safe  driving.  Column  control  and 
intracolumn  commimications  are  better  in  such  compact 
columns  and  fewer  guides,  escorts,  and  maricers  are 
needed. 

Disadvantages.  Close  column  formations  do  not 
provide  dispersion  for  passive  protection  against  enemy 
observation  and  attack.  The  strength  and  type  of 
organizaticn  are  readily  apparent  to  hostile  observation. 
Vehicles  may  arrive  at  loading  and  unloading  terminals 
more  rapidly  than  they  can  be  handled.  Careful 
scheduling  and  rigid  control  of  traffic  are  necessary  to 
avoid  blocking  intersections.  Greater  driver  fatigue  is 
generally  experienced  in  close  column  than  in  other 
marches.  Use  of  the  highway  by  other  traffic  is  severely 
limited. 

Open  Column  March.  An  open  colunm  march  is 
generally  used  during  daylight  moves.  The  distance 
between  vehicles  is  increased  to  gain  a  greater  degree  of 
protection  from  hostile  action  and  to  permit  concurrent 
use  of  highways  by  other  traffic.  For  planning  purposes, 
figure  that  vehicles  in  open  column  move  at  the  rate  of  15 
miles  in  the  hour  witii  a  density  of  20  vehicles  per  mile  of 
roadway. 

Advantages.  Open  column  formations  offer  some 
passive  protection  fiom  enemy  observation  and  action, 
allow  greater  speeds  with  more  safety,  permit  greater 
flexibility  in  plaiming  moves,  and  reduce  driver  fatigue. 

Disadvantages.  In  comparison  with  close  columns, 
open  colurrms  are  more  difficult  to  command  and  control. 
Abnorrnal  gaps  make  it  hard  for  drivers  to  maintain 
prescribed  spacing.  Open  colunm  formations  also  permit 
less  traffic  volume  on  a  road  than  more  compact 
formations.  In  comparison  with  infiltration,  open 
columns  have  less  secrecy  and  are  not  as  well  adi^Med  to 
passive  defense. 

Infiltration.  Infiltration  is  used  when  maximum 
secrecy,  deception,  and  dispersion  are  needed.  This  type 
of  movement  involves  the  dispatch  of  vehicles, 
individually  or  in  small  groups,  to  a  predetermined 
destination  over  one  or  more  routes,  at  irregular  intervals 
and  at  irregular  rates  of  march.  To  an  observer,  an 
infiltration  move  looks  like  ordinary  casual  traffic. 
Vehicles  should  nonnaUy  be  dispatched  so  as  Co  produce 
an  average  density  not  to  exceed^ight  vehicles  per  mile .  It 
is  suitable  for  daylight  moves,  movements  in  cragested 
areas,  and  on  routes  which  cross  heavily  traveled  roads. 

Advantages.  InfUtration  provides  the  best  possible 
defense  against  hostile  observation  and  attack.  Under 
light  traffic  conditions,  movement  of  the  individual 
vehicle  is  not  materially  affected  by  other  vehicles  in  Ae 
nK>ye  but  is  limited  only  by  orders,  road  ci^ability, 
vehicle  mobility,  and  the  training,  experience,  and 
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physical  condition  of  the  drivers.  Higher  speeds  by 
individual  vehicles  may  be  used  with  this  type  of 
movement.  Since  traffic  density  is  light,  cross  traffic  may 
move  without  excessive  interference.  A  unit  may  be 
moved  by  infiltration  over  a  route  on  which  traffic  is  too 
heavy  to  permit  movement  in  a  single  unit  or  column. 

Disadvantages,  It  takes  longer  for  the  vehicles  in  an 
infiltration  march  to  complete  a  move  than  for  those  in 
any  other  movement  formation.  Thus,  in  spite  of  a  higher 
rate  of  march,  the  total  road  clearance  time  for  a  move 
may  be  longer.  More  important,  because  of  extended 
distances  between  vehicles,  internal  control  of  the  column 
is  difficult.  Drivers  arc  usually  unable  to  regulate  their 
movements  by  the  Vehicle  ahead,  and  careful  marking  of 
the  route  is  necessary  to  prevent  drivers  from  getting  lost. 
If  drivers  operate  alone,  a  more  detailed  briefing  is 
required.  Maintenance,  refueling,  and  messipv'  are 
sometimes  difficult  to  arrange.  There  is  a  danger  that 
vehicles  may  bunch  up.  Ehie  to  relaxed  control,  tactical 
employment  of  the  unit  may  be  difficult  until  the  march  is 
completed. 

Exorcises  (E35): 

1.  What  is  the  main  difference  between  the  different 
types  of  marches? 


2.  In  what  type  of  march  are  fewer  guides,  escorts,  and 
markers  required? 


3.  Which  type  of  march — open  column  or  clo.se 
column — offers  passive  protection  from  enemy 
observation? 


4.  Why  is  an  infiltration  march  used  when  maximum 
secrecy  is  involved? 


5.  List  three  disadvantages  of  an  infiltration  march. 


E36.  Ghren  a  march  graph,  det^nnlne  distance  and 
time  bttm  concerning  a  convoy  movement. 

March  Graphs.  A  march  graph  is  a  time-distance 
diagram  used  in  plaiming,  controlling,  and  recording  the 
progress  of  a  convoy  over  a  given  route.  It  gives  a  visual 
picture  of  a  movement  and  thus  shows  possible  conflicts 
and  congestion  before  they  occur. 

March  gr^>hs  may  be  used  for  an  individual  vehicle,  a 
small  unit,  or  a  large  motor  movement.  They  may  show 
die  movement  of  one  or  several  columns  traveling  at 
different  speeds  over  one  or  nK>re  routes. 
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Before  preparing  a  march  graph,  determine  the 
following  information  concerning  the  route  and 
movement: 

a.  Distance  from  starting  point  to  destination. 

b.  Route  characteristics  such  as  road  surface,  curves, 
populated  areas,  intersections,  number  of  lanes,  etc. 

c.  Reasonable  speed  for  the  convoy  to  travel. 

rf.  Where  halts  will  be  made,  and  the  time  spent  for 
each. 

€.  Checkpoints  along  the  route. 
/  Rate  of  march. 

The  time  required  to  make  the  move  by  dividing  the 
distance  by  the  rate  of  march. 

When  you  have  the  required  information,  you  are  ready 
to  prepare  a  march  graph.  As  we  cover  the  preparation  of  a 
march  graph ,  refer  to  figure  4- 1  and  check  each  item  as  we 
discuss  it. 

The  first  requirement  is  that  the  graph  paper  contain 
enough  squares  to  plot  the  distance  and  time  involved  in 
the  move.  Across  the  boUom  of  the  graph  paper,  starting 
at  the  left  and  progressing  to  the  right,  a  time  scale  is 
inserted.  A  scale  of  distance,  usually  in  miles,  is  then 
placed  up  the  left  side  of  the  paper  starting  at  the  bottom. 

After  the  time  and  distance  scales  are  established,  the 
selected  route  is  added  on  the  side  of  the  graph.  The 
names  of  towns,  intersections,  highway  regulation  points, 
and  traffic  control  posts  along  the  route  are  shown  at  their 


proper  locations  on  the  route.  This  is  done  by  the  use  of  a 
d*  ':rammatic  strip  map. 

Next,  the  movement  is  plotted  on  the  prepared  graph. 
For  example,  in  figure  4-1 ,  a  unit  is  to  march  from  Mt. 
Royal  to  a  point  5  miles  beyond  Travistock.  Scheduled 
departure  time  is  0700,  and  the  column  is  planned  to 
proceed  at  the  rate  of  15  miles  per  hour. 

A  dot  is  placed  on  the  graph  at  the  point  where  the  line 
representing  the  place  of  departure  intersects  the  line 
representing  the  hour  of  departure.  Another  dot  is  placed 
on  riie  graph  at  the  point  where  the  line  representing  the 
destination  intersects  the  line  representing  the  hour  the 
head  of  the  column  is  scheduled  to  arrive.  A  straight  Une 
is  drawn  to  connect  these  two  dots.  This  line  represents 
the  schedule  on  which  the  head  of  the  column  travels  and 
indicates  when  it  should  reach  any  point  en  route. 

In  addition  to  scheduling  the  head  of  a  column,  the  end 
of  the  column  (the  trail)  may  also  scheduled  on  a  march 
graph.  For  example,  in  figme  4- 1 ,  the  head  of  the  column 
was  scheduled  to  leave  Mt.  Royal  at  0700  hours  and  the 
last  vehicle  of  the  convoy  was  scheduled  to  leave  Mt. 
Royal  at  0730. 

After  the  head  and  trail  of  a  column  have  been 
scheduled  on  a  march  graph,  tl^^e  length  of  the  column  can 
be  determined.  This  is  done  by  drawing  a  vertical  line 
connectiDg  the  head  and  trail  lines.  This  vertical  line  is 
measured  and  applied  to  the  scale  of  mMes,  the^by  giving 
the  overall  length  of  the  column. 
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Figure  4-1 .  March  graph. 
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Exercises  (£36): 

Using  the  march  graph  in  figure  4-1,  detemiine  the 
following  planning  (distance  and  time)  factors. 
1.  Whatns  the  distance  the  convoy  will  travel? 


2.  When  should  the  convoy  head  arrive? 


3.  When  should  the  convoy  trail  arrive? 


4.  How  long  (miles)  is  the  convoy  colunrm? 


5.  Where  should  the  convoy  head  be  at  0930? 


4-3.  Convoy  Orgarvization  and  Control 

E37.  Specify  the  internal  composition  of  convoys  and 
tlie  responsibilities  of  various  elements. 

Internal  Compositicn  of  Convoys.  Every  convoy  is 
made  up  of  three  internal  elements  or  parts:  head,  aiain 
body,  and  trail.  In  the  case  of  small  columns,  the 
functions  of  the  three  parts  may  be  combined.  For 
example,  a  convoy  may  be  as  small  as  two  vehicles 
moving  together  under  one  commander.  In  such  a  small 
movement,  both  vehicles  are  usually  task  vehicles 
carrying  loads  and  constitute  the  main  body.  The  first 
vehicle  also  contains  the  persons  who  perform  the 
functions  of  the  head,  and  the  second  vehicle  contains 
trail  personnel. 

In  addition  to  the  above  elements,  large  convoys  often 
make  use  of  detached  parties.  These  detached  parties, 
advance  and  foUowup,  are  not  a  part  of  the  main  column 
and  operate  apart  from  it.  They  are  detailed  to  perform 
special  duties  when  the  situation  requires  their  use.  The 
functions  of  the  various  elements  are  discussed  in  the 
following  paragraphs. 

Head.  The  head  is  the  flrst  element  of  the  column  in  the 
order  of  march.  The  lead  vehicle  should  contain  the 
convoy  commander  or  an  ofHcer  or  noncommissioned 
officer  who  represents  the  commander.  He  or  she  is  there 
to  handle  any  problems  that  occur  at  the  head  of  the 
column.  This  would  consist  of  such  things  as  correctly 
following  the  prescribed  route,  checking  in  at  scheduled 
points,  receiving  any  orders  or  change  in  orders,  and 
issuing  such  instructions  as  may  be  required.  He  or  she 
may  also  contact  and  coordinate  with  civil  authorities 
along  the  route  of  the  movement. 

A  lead  vehicle  should  also  contain  a  pace  setter.  The 
pace  setter  sets  the  pace  to  comply  with  the  rate  of  march. 


The  maximum  pace  is  usually  controlled  by  the  s\»ecd  tHat 
can  be  maintained  by  the  slowest  vehicle  in  the  column. 

Mam  body.  The  main  body  of  the  colunm  follows  the 
head  and  consists  primarily  of  vehicles  carrying  troops, 
equipment,  and  supplies.  This  part  of  the  convoy  may  be 
subdivided  into  serials  and  march  units  for  easier 
regulation  and  control.  For  example,  the  commander  can 
divide  the  vehicles  into  serials  of  vehicles  and  then 
subdivide  the  serials  into  march  unit^.  The  convoy 
conmiander  commands  the  entire  motor  march;  he  or  she 
nam^s  serial  conunanders  and  march  unit  commanders. 
Each  serial  (and  march  unit  when  desirable)  may  be 
organized  with  a  head,  main  body,  and  trail.  Each 
separate  element  should  have  its  own  pace  setter. 

Once  the  vehicles  have  been  organized  into  a  suitable 
march  colunui,  each  vehicle  must  be  labeled  to  indicate  its 
position  in  the  column.  Normally,  vehicles  arc  identified 
numerically.  For  example,  the  first  vehicle  in  the  column 
is  numbered  **  1 ,"  the  second  *'2,"  etc.  If  there  are  two  or 
more  serials,  the  serials  are  identified  alphabetically,  such 
as  **A,"  *'B,"  *'C,"  etc.  The  designation  **A-.r'  on  a 
vehicle  would  indicate  the  1st  vehicle  in  the  first  serial; 
**B-27"  would  indicate  the  27th  veliicle  in  the  2d  serial. 
Placards  or  some  easily  removed  substance  (chalk  or  tape) 
should  be  used  to  label  the  vehicles. 

If  all  vehicles  in  a  convoy  are  to  remain  together  from 
origin  to  destination,  slower  vehicles  should  be  placed 
near  the  head  of  the  column.  This  arrangement  serves  as  a 
governor  on  the  faster  vehicles  and  prevents  large  gaps 
from  developing  between  elements  within  the  column.  It 
may  be  desirable  for  the  column  to  move  in  small 
segments  because  small  units  create  less  disruption  of 
traffic  over  the  routes  used.  In  this  case,  vehicles  are 
grouped  with  the  faster  ones  at  the  head.  As  the  column 
progresses,  gaps  between  serials  or  march  units  become 
progressively  greater. 

Trail.  The  trail  is  the  last  element  of  a  motor  column. 
The  trail  officer  or  noncommissioned  officer  represents 
the  commander  in  such  functions  as  preventing  straggling 
and  maintaining  discipline.  Usually,  maintenarK:e  and 
possible  medical  personnel  included  in  the  trail  are  under 
the  supervision  of  the  trail  officer.  The  final  clearance  of 
designated  points  by  the  column  is  checked  by  the  trail 
officer,  and  he  or  she  takes  such  action  as  may  be 
required.  He  or  she  also  makes  sure  that  traffic  from  the 
rear  is  warned  of  the  convoy  ahead,  and  he  or  she  picks  up 
guides  and  markers.  In  case  of  breakdowns,  the  trail 
personnel  make  repairs,  arrange  for  towing,  or  see  that  the 
vehicle  is  properly  attended  until  disposition  of  vehicle 
and  cargo  can  be  effected. 

Detached  parties.  Advance  parties  may  be  provided  by 
a  higher  headquarters  or  detailed  from  the  convoy.  Their 
mission  is  to  locate  and  arrange  for  bivouac  areas;  for 
quarters  or  billets;  for  loading  and  parldng  facilities;  and 
for  supplies,  rations,  witer,  fiiel,  and  medical  attendance 
before  the  convoy  arrives.  The  advance  parties  ars 
responsible  also  for  traffic  reconnaissance  except  when 
the  movement  is  made  over  an  already  reconnoitered 
route.  The  advance  parties  also  post  guides,  traffic  control 
personnel »  and  route  markers  as  needed. 
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The  followup  detachment  is  designated  to  inspect 
bivouac  areas  and  other  halt  sites  after  tbf^y  srt  vacated  by 
the  convoy.  They  must  correct  and  report  to  the 
commander  c  the  convoy  any  undesirable  ronditionc 
noted  During  operation  in  peacetime,  the  fol)  *Aip  party 
completes  the  necessary  paperwork  in  c;jnnection  with 
leased  can' 7  sites  and  with  claims  arising  from  damage 
On  the  road,  this  party  may  pick  up  guides  tar  J?,  and 
maricers  which  have  been  placed  by  the  advoricc  pa>^. 
Providing  for  the  disposition  of  dead  or  wounded  and  of 
disabled  vehicles  is  also  a  responsibility  of  the  followup 
panies. 

Exercises  (E37): 

1 .  Explain  how  a  convoy  of  two  vehicles  can  have  all 
tluee  elements  of  a  convoy. 


2.  Wliat  is  a  detached  party? 


3.  List  five  things  for  which  the  head  of  the  column  is 
responsible. 


4 .  Which  unit  determines  the  rate  of  march  for  a  convoy? 


5 .  How  is  internal  control  maintained  in  a  large  convoy? 


6.  What  does  the  sign  or  chalk  designation  '  'D-19' '  on  a 
vehicle  in  a  convoy  indicate? 


E38.  State  convoy  conununlcations  methods;  given 
situations  involving  the  need  for  communication 
within  a  convoy,  determine  the  possible  methods. 

Intracolumn  Communication.  Intracolumn 
communications  help  provide  convoy  control.  Sign 
messages  from  the  front  of  the  colunui  may  be  written  on  a 
board  and  posted  on  the  driving  side  of  the  road  or 
displayed  by  a  guide.  Such  nicssages  arc  then  noted  by  the 
drivers  as  they  pass  the  signboard. 

Written  messages  directed  to  a  unit  or  vehicle  in  the 
column  may  be  delivered  by  a  messenger  or  given  to  a 
guide  stationed  along  the  route  who  will  transfer  it  to  the 
proper  vehicle. 

Two-way  radios  may  be  located  in  the  c^n^ol  cars  of 
the  commander  and  at  the  head  and  trail.  When 
supplemented  by  receivers  in  other  vehicles  in  the 
column,  they  provide  the  best  intracolumn 


communications  and  afford  maximum  control  of  a 
colunrai. 

Whistles  and  other  audible  signaling  devices  (horn, 
sirei.\  etc.)  can  be  used  as  a  means  of  traiimitting  u 
command  to  a  column  when  a  code  has  been  established. 

Visual  hand  and  arm  signals  constitute  another  means 
of  march  conmiunication.  Column  control  signals  may  be 
given  from  the  cab  of  a  vehicle  or  by  a  person  standing  on 
the  road.  The  meaning  of  the  standard  hand  and  arm 
signals  used  for  convoy  control  is  contained  in  AFM 
77-2,  Manual  for  the  Wheeled  Vehicle  Driver. 

^oierdses  (E38): 

1.  List  four  methods  of  communicating  between 
personnel  within  a  convoy. 


2.  A  message  for  the  driver  of  the  vehicle  B-3  could  be 
delivered  by  what  means? 


3.  Serial  B  is  to  be  rerouted  a  short  distance.  Tliere  is  no 
radio  conmiunications  within  the  convoy.  How  could 
the  drivers  of  this  serial  be  notified? 


E39.  State  the  purpose  of,  and  considerations  in 
scheduling,  halts  during  convoy  operations. 

Halts.  Halts  are  made  for  purposes  of  rest,  personal 
comfort  and  relief,  messing,  refueling,  maintenance  and 
inspection  of  equipment,  and  allowing  other  traffic  to 

pass. 

Short  halts.  Routine  short  halts  will  be  made  at  the 
discretion  of  the  commander.  Short  halts,  when 
specifically  ordered,  should  normally  be  made  for  10 
minutes  after  every  1 10  minutes  of  driving  time. 

Long  Halts.  Long  halts  (messing,  refueling,  and 
bivouacking)  should  coincide  and  must  always  be 
specifically  ordered  and  plotted  on  road  movement 
graphs.  The  locations  for  scheduled  halts  should  be 
selected  in  advance.  They  may  be  prescribed  by  higher 
authority,  located  tentatively  by  map  references,  or 
selected  by  die  reconnaissance  party. 

Comfort  of  personnel  and  servicing  facilities  for 
vehicles  are  important  considerations  in  selecting  sites  for 
long  halts » If  a  column  starts  from  a  populous  area,  its  first 
halt  should  be  delayed,  when  practical,  until  a  rural  area  is 
reached  to  facilitate  relief  of  personnel.  Columns  should 
be  halted  at  points  pro\iding  a  minimum  of  200  yards  of 
clear  visibility  to  the  front  and  rear  of  the  colunm.  Guards, 
warning  flagc .  ci»*ation  li^  hts,  or  flares  should  be  posted  in 
the  front  «nd  to  thft  rear  of  the  column  if  it  presents  a 
hazard  to  passing  trafRo. 

During  halts,  all  personnel  have  certain  responsibilities 
Officers  and  nonconunissioned  ofRcers  check  the  welfare 
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of  personnel » the  security  of  loads »  and  the  performance 
of  operator  maintenance.  Control  personnel  make 
necessary  inspections  and  give  instructions  to  insure 
resumption  of  the  movement  with  a  minimum  of 
confusion  Sn  the  end  of  the  halt.  Mess,  medical,  and 
maintenance  personnel  perform  such  special  duties  as  the 
purpose  and  duration  of  ^i;?  ualt  permits.  Drivers  inspect 
their  vehicles  and  security  of  loads  and  make  necessary 
corrections. 


How  often  should  shorter  halts  be  scheduled  for  a 
convoy? 


What  are  two  important  things  to  consider  wtien 
scheduling  long  halts? 


Bzerdacs  (£39): 

1 .  Why  are  halts  made  during  a  convoy  movement? 


EKLC 
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CHAPTER 


Expedient  Field  Water  Treatment 


HAVE  YOU  EVER  been  in  a  situation  or  location  whete 

you  had  to  drin^  any  water  that  was  available?  If  you 

have,  it  isn't  haid  for  you  to  appreciate  the  clear,  pure 

water  that  you  can  get  by  opening  a  water  faucet  or  by 

pressing  the  pedal  on  a  water  cooler. 

•I 

Your  water  supply  afTects  your  health  and  general 
welfare,  your  normal  work  output  and  combat  efficiency, 
as  well  as  your  morale.  Witfiout  water,  you  are  out  of 
action  in  a  day  or  two.  In  extremely  hot  areas,  or  in  cases 
of  extreme  physical  exertion,  your  limit  is  16  hours.  Since 
water  must  be  potable  and  palatable,  as  well  as  available, 
the  Air  Force's  field  water  purification  equipment  must  be 
highly  efficient  and,  at  the  same  time,  highly  mobile. 

Potable  water  in  sufficient  amounts  is  essential  to 
contingency  operations.  Water  whic  is  not  treated 
properly  can  spread  diseases,  such  i  typhoid  and 
paratyphoid  fevers,  bacMlary  dysentery,  cholera, 
hu  .pilosis,  and  common  diarrhea.  In  certain  areas, 
wi»«.er  may  also  tramsmit  infectious  hepatitis, 
schistosomiasis  (a  prevalent  disease  ii.  the  tropics)  and 
amoebic  <:^ysentery.  The  latter  diseases  are  caused  by 
organisms  which  are  highly  resistant  to  the  water 
disinfecUon  mett  ods  normally  used.  Standards  of  quality 
require  that  drinking  water  be  free  of  harmful 
contaminants,  objectionable  color,  odor,  and  taste.  No 
untreated  water  is  considered  safe  until  approved  by  the 
medical  services. 

You  cannot  afford  to  endanger  your  health  and  the 
health  of  the  people  in  your  unit;  therefore,  when 
required,  you  must  use  portable  and  mobile  water 
purification  units  (diatomite  field  units)  to  purify  water  to 
make  it  safe  for  human  consumption  and  use. 

This  chapter  contains  the  imbrmation  you  will  need  to 
procure,  protect,  and  treat  water  from  water  points  and 
from  other  sources.  Furthermore,  we  wDI  lead  you 
through  the  steps  to  use  and  nuiintain  mobile  water 
purificatio!!  units. 

5-1.  Protection  of  Treatod  Water 

To  procure  and  protect  treated  water,  a  knowledge  of 
water  characteristics  is  essential.  This  section  presents 
information  concerning  the  quantity  of  water  required, 
method  of  treating  water  from  water  points,  and  how  to 
protect  the  water  once  it  is  treated.  We  have  included 
some  terms  that  you  need  to  know. 


E40.  Define  given  terms. 

Definition  of  Terms.  The  following  terms  are  used  in 
relation  to  field  treatment  of  water. 

a.  Brackish  water.  Highly  mineralized  water  that 
contains  dissolved  solids  in  excess  of  500  ppm  (parts  per 
million).  Both  alkalinity  and  salinity  range  from  very  high 
to  very  low.  Brackish  water  is  found  in  many  regions 
throu^out  the  world  but  most  frequently  in  arid  or 
semiarid  climates  as  ground  water  and  along  sea  coasts. 

b.  Chlorination.  Disinfection  of  water  by  tbc  addition 
of  a  chlorine  compound,  such  as  calcium  hypochlmte. 

c.  Chlorine  demand.  The  amount  of  the  chlorine 
dosage  which  reacts  with  and  is  consumed  by  organic 
material,  bacteria,  and  other  materials  in  the  water. 

d.  Chlorine  dosage.  The  amount  of  chlorine  added  to  a 
given  quantity  of  water. 

e.  Chlorine  residual.  The  amount  of  the  chlorine 
dosage  remaining  after  die  demand  has  been  satisfied. 
Dosage  mLius  demand  equals  residual. 

/.  Contaminated  water.  Water  which  is  unfit  for  human 
consumption  even  though  it  may  be  palatable. 
Contaminated  water  contains  disease-producing 
organisms  or  excessive  amounts  of  mineral  and  organic 
matter,  toxic  chemicals,  or  radioactivity. 

g.  Disinfection.  Treatment  with  a  chemical  or  by 
boiling  to  destroy  disease-producing  organisms. 

h.  Palatable  water.  Water  which  is  pleasing  to  the  taste 
but  which  may  be  unsafe  (contaminated). 

I.  Parts  per  million.  A  unit  of  measurement  for 
expressing  the  number  of  units  of  a  substance  in  one 
million  units  of  water  by  weight. 

J.  Potable  water.  Water  which  is  safe  for  human 
consumption.  Potable  water  is  free  from,  disease-causing 
organisms  and  excessive  amounts  of  mineral  and  organic 
matter,  toxic  chemicals,  and  radioactivity. 

k.  Water  treatment.  Removal  of  undesirable 
constituents  in  water  (hrough  such  means  as  coagulation, 
sedimentation,  filtration,  and  disinfection. 

Exercise  (E40): 

1.  Match  given  definitions  widi  the  i^ypropriate  term. 
NOTE:  Some  terms  may  not  be  defined,  and  there  is 
only  one  **best**  match  for  each  definition. 
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Column  B 

a.  Brackish  water. 

b.  Chlorination. 

c.  Chlorine  demand. 

d.  Chlorine  dosage. 

e.  Chlorine  residual. 

f .  Contaminated  water. 

g.  Disinfection. 

h.  Palatable  water. 

i.  I^arts  per  million, 
j.  Pouble  water. 

k.  Water  treatment. 


Column  A 

.  (1)  Water  containing  disease- 
producing  organisms. 

(2)  Chlorine  added  to  a  given  quan- 
tity of  water. 

.  (3)  Water  which  may  be  con- 
taminated. 

.  (4)  Water  which  is  free  from 
disease-  causing  o&:ganisnis  and 
exceuive  amounts  of  mineral 
and  organic  matter. 

.  (5)  The  addition  of  a  chlorine  com- 
pound to  disinfect  water. 

.  (6)  Using  coagulation  or  sedimen- 
tation as  a  means  of  removing 
undesirable  constituents  in 
water. 

.  (7)  The  amount  of  the  chlorine 
dosage  remaining  after  the 
demand  has  been  satisfied. 

.  (8)  The  number  of  units  of  a  sub- 
stance in  one  million  units  of 
watRT  by  weight. 


E41.  Identify  appropriate  quantities  of  water  required 
for  field  operations. 

Quantity  of  Water  Required.  The  quantity  of  water 
required  varies  with  the  season  of  the  year,  the 
geographical  area,  and  the  tactical  situation.  Dehydration 
may  be  a  problem  in  both  extremely  hot  and  extremely 
cold  climates.  In  extremely  hot  climates,  large  quantities 
of  i>otable  water  are  needed  to  replace  body  fluid  losses. 
In  extremely  cold  climates,  water  must  be  available  for 
reconstruction  of  dehydrated  foods.  A  guide  for  planning 
to  meet  the  water  requirements  in  a  temperate  zone  is  S 
gallons  per  person  per  day  for  drinking  and  cooking. 
When  shower  facilities  are  to  be  available,  the  water 
requirement  increases  to  at  least  1 5  gallons  per  person  per 
day. 

Exercises  (E41): 

Place  a  T  in  front  of  each  correct  statement  and  an  F  in 
front  of  each  false  statement;  correct  false  statements. 

 1.  The  quantity  of  water  that  will  be  required  will 

vary  with  the  season  of  the  year,  the 
geographical  area,  and  the  tactical  situation. 


In  extremely  hot  climates,  small  quantities  of 
potable  water  are  required  in  order  to  replace 
body  fluids. 


.  3.  In  extremely  cold  climates,  consideration  must 
be  given  to  lequirements  for  potable  water  in  the 
reconstraction  of  dehydrated  foods. 


.  4.  The  water  requirement  in  a  tropic  zone  is  5 
gallons  per  person  per  day. 


When  shower  facilities  are  to  be  made  available, 
the  water  requirement  decreases. 


E42.  State  how  to  protect  treated  water  obtained  fk^m 
established  water  points. 

Treated  Water  from  Established  Water  Points. 
Obtain  water  that  has  been  treated  (for  drinking;  at 
designated  water  points.  This  treated  water  must  not 
become  recontaminated  as  you  are  transporting  it  to  the 
unit  area. 

Water  trailers,  tank  trucks,  and  water  cans  must  be 
clean  on  arrival  at  a  water  point.  To  the  maximum  extent 
possible,  they  should  be  used  for  hauling  potable  water 
only.  When  they  are  used  to  haul  nonpotable  water,  they 
must  be  so  marked.  If  they  are  to  be  used  thereafter  for 
hauling  potable  water,  you  must  clean  and  disinfect  them 
with  a  100  ppm  chlorine  solution.  New  trailers,  tenk 
trucks,  and  water  cans  should  also  be  disinfected  before 
initial  use.  The  disinfecting  solution  can  be  prepared  by 
adding  one  ampule  of  calcium  hypochlorite  to  1  gallon  of 
water.  For  trailers  and  tank  trucks,  it  will  be  more 
convenient  to  obtain  calcium  hypochlorite  in  3V^-pound 
cans.  Use  2  ounces  or  five  level  messkit  spoonfuls  per  100 
gallons  of  water. 

The  interior  surfaces  of  trailers,  tanks,  and  cans  must 
be  properly  maintained.  You  should  inspect  them 
periodically  for  rust  and  chips  in  interior  enamel, 
tightness  of  seals  and  seams,  and  cleanliness. 

Water  purification  begs  (Lyster  bags ,  36*gailon  canvas 
containers)  are  ordinarily  issued  to  units  on  the  basis  of 
one  bag  per  100  people.  These  bags  permit  seepage  of 
water,  and  provide  cooling  by  evaporation.  They  are  set 
up  before  they  are  filled  with  water  (fig.  5- 1).  The  weight 
of  the  water  may  cause  the  supporting  ropes  to  stretch, 
creating  a  gap  between  the  cover  and  the  bag.  Should  ttiis 
occur,  the  ropes  should  be  adjusted  so  that  the  cover  again 
fits  snuggly  around  *iie  upper  part  of  the  bag  and,  thus, 
prevents  contamination  of  the  water  by  dust  and  insects. 
Inspect  Lyster  bags  frequently  for  cleanliness.  If  you  find 
them  diity,  scrub  them,  treat  them  with  a  strong  solution 
of  chlorine  (1  ampule  of  calcium  hypochlorite  to  1  gallon 
water),  and  rinse  them  several  times  with  potable  water. 
A  soakage  pit  must  be  provided  under  each  Lyster  bag  to 
prevent  water  from  collecting. 

In  case  of  extreme  emergency,  you  may  use  gasoline 
cans  for  holding  potable  water.  Use  the  newest  and 
cleanest  cans,  and  clean  them  as  follows: 

a.  Drain  the  can  thoroughly  (for  10  to  iS  minutes). 

b.  Fill  the  can  half  fiiU  of  water  and  add  1  ounce  of 
powdered  detergent;  close  the  can  and  shake  it  for  5 
minutes;  discard  this  water. 
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c.  Rinse  the  can  with  water  three  or  four  times;  then  fill 
it  to  overflowing  and  discard  this  water. 

d.  Fill  the  can  with  water  and  add  the  contents  of  five 
calcium  hypochlorite  ampules;  close  the  can  and  shake  it 
to  mix  the  calcium  hypochlorite  with  the  water. 

e.  Let  the  can  stand  for  1  hour,  empty  it,  and  use  it. 

Test  to  determine  the  chlorine  residual  of  treated  water 
must  be  made  periodically.  If  the  residual  is  below  Uie 
level  prescribed  by  regulations,  calcium  hypochlorite 
amjHiles  must  be  added  until  the  prescribed  residue^  is 
reached. 

Exercises  (E42): 

1 .  When  water  cans  are  used  to  haul  nonpotable  water, 
what  must  you  do? 


2.  Water  purification  bags  are  ordinarily  issued  to  units 
on  the  basis  of  how  many  bags  per  100  people? 


3.  How  do  Lyster  bags  provide  cooling? 


4.  If  you  find  dirty  Lyster  bags,  after  you  should  scrub 
the  bags,  what  should  you  do? 


5.  Why  should  a  coakage  pit  be  provided  under  each 
Lyster  bag? 


6.  If  you  find  that  the  residual  is  below  the  level 
prescribed  by  regulation,  what  should  you  do? 


5-2.  Purification  of  Contamlnatod  Water 

Isolated  units  may  not  be  able  to  obtain  water  from 
water  points.  In  this  case  you  must  obtain  and  treat  yom* 
own  water  whether  it  is  in  large  quantities  or  for  an 
individual.  Select  the  source  that  appears  to  be  the 
cleanest.  Water  taken  from  any  source,  except  a  public 
water  supply  system  approved  by  the  Air  Force  Medical 
Services,  must  be  properly  treated  before  use,  as  all  other 
sources  are  presumed  to  be  contaminated. 

E43.  Classify  of  water  sources  in  terms  of  surface 
water,  ground  water,  and  other  water. 

Selection  of  Water  Sources.  The  possible  sources  of 
water  are  surface  water  (lakes,  rivers,  streams,  and 


ponds),  ground  water  (wells  and  springs),  rain  collected 
from  roofs  or  other  catchment  surfaces,  ice  or  snow,  and 
distilled  sea  water. 

Surface  water  source  -  Although  surface  water  is 
ordinarily  more  contaminated  than  other  water  sources,  it 
is  commonly  selected  for  use  in  contingency  operations 
because  it  is  generally  more  accessible  in  the  quantity 
required.  You  should  draw  water  as  distant  from  known 
sources  of  contamination  as  possible.  When  a  stream  is 
used,  you  should  locate  the  intake  upstream  from  any 
source  of  contamination.  In  lakes  and  ponds,  it  is 
generally  desirable  to  locate  the  intake  as  far  from  the 
shore  as  practicable,  as  the  amount  of  contamination 
usually  decreases  with  the  increase  in  distance  from  the 
shore.  When  surface  water  is  used,  you  should  take  care 
to  avoid  getting  mud  from  the  bottom  or  picking  up 
floating  sticks,  leaves,  or  other  debris.  Muddy  or  cloudy 
water  should  be  settled  before  it  is  used.  Water  from 
muddy  streams  can  be  improved  in  quality  by  digging  a 
hole  on  the  bank  and  permitting  water  to  seep  slowly  into 
it.  Another  method  is  tc  lig  a  shallow  trench  so  that  water 
can  flow  into  it  from  the  stream  and  stand  quietly.  After 
the  dirt  has  settled,  the  clean  water  may  be  taken  and 
disinfected  by  methods  that  will  be  discussed  later  in  this 
unit. 

Ground  water  source.  Ground  water  is  usually  less 
contaminated  than  surface  water  and  is,  therefore,  a  more 
desirable  water  source.  The  use  of  ground  water  by 
contingency  operation  units,  however,  usually  is  limited 
unless  existing  wells  are  available.  You  should  locate  a 
ground  water  source  at  least  100  feet  from  all  possible 
sources  of  contamination,  and  surface  drainage  should  be 
away  from  it.  A  well  that  is  selected  as  a  water  source 
should  have  a  casing  or  lining,  an  impervious  platform  or 
apron,  a  cover,  and  a  device  for  drawing  water  from  it  in  a 
sanitary  manner. 

Other  water  sources.  Rain,  melted  snow,  or  melted  ice 
may  be  used  in  special  instances  where  neither  surface  nor 
ground  water  is  available.  Water  from  any  of  these 
sources  must  be  disinfected  before  drinking.  Sea  water 
cannot  be  used  for  human  consumption  until  the  salt  has 
been  removed  by  distillation  or  until  other  demineralizing 
processes  have  been  performed. 

Exercises  (E43): 

1 .  Match  each  classification  of  water  in  column  A  with 
the  appropriate  source  in  column  B. 


Column  A  Column  B 

 1 .  Melted  ice.  a.  Surface  water  source. 

 2.  Pond.  b.  Ground  water  soum. 

 3.  Rail)  catch.  c.  Other  water  source. 

 4.  River. 

 5.  Sea  water. 

 6.  Spring. 

 7.  Stream. 

 8.  WeU. 
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E44«  Identify  the  compound  used  to  treat  field  water 
supplies  and  state  how  it  generally  is  used. 

When  you  or  other  individuals  are  involved  in  the 
treatment  of  fleld  water  supplies,  you  must  place 
complete  reliance  on  the  disinfection  process.  The 
compound  you  normally  will  be  using  to  chlorinate  water 
in  tlie  field  is  calcium  hypochlorite.  Add  it  to  the  water  in 
the  amount  (dosage)  necessary  to  destroy  the 
disease-producing  organisms  (chlorine  demand)  with 
son:;e  remaining  to  indicate  diat  the  demand  has  been 
satisfied  and  to  serve  as  a  continuing  disinfectant 
(chlcxine  residual). 

Exercises  (E44): 

1.  What  compound  should  you  normally  use  to 
chlmnate  water  in  the  field? 


2.  In  general  terms,  how  much  of  this  compound  should 
you  use? 


E45.  Specify  structural  and  fimctional  aspects  of  a 
water  purification  unit  and  specify  bulk  treatment 
requirements  and  procedures* 

Purification  Unit.  In  order  for  you  to  make  water 
potable  in  field  operations,  you  should  use  the  following 
method.  The  knapsti^K  filter  unit  is  a  hand-  or 
foot-operated  water  purification  unit  (fig.  S-2).  It  is 
designed  for  use  by  small  groups  of  individuals.  It  can 
treat  water  at  the  rate  of  1  /4  gallon  per  minute.  Two  filter 
pads  used  simultaneously  can  clarify  approximately  S 
gallons  of  muddy  water  before  becoming  plugged  and 
replaced.  The  filter  pads  can  remove  amoebic  cysts  from 
water,  but  smaller  bacteria  and  viruses  pass  through  the 
filter  pads.  The  filtered  water  must,  therefore,  be 
disinfected  to  make  it  safe  for  drinking.  The  filtering 
process  greatly  improves  the  taste  of  the  water.  The  imit 
weighs  7  pounds  and  comes  with  extra  filtering  pads  and  a 
knapsack  (carrying  case). 

Cldorination  Requirements.  Sufficient  chlorine  must 
be  added  to  water  to  produce  a  required  chlorine  residual 
after  a  30-minute  contact  period.  A  S  ppm  residual  is  the 
standard  requirement  for  field  water  supplies.  Higher  or 
lower  concentrations,  however,  may  be  prescribed  by  tlie 
medical  services  on  die  basis  of  their  knowledge  of  local 
diseases  and  environmental  conditions. 

Chlorination  kit.  A  chlorination  kit  (fig.  S-3)  is 
available  for  all  contingency  operations  for  use  in 
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Figure  5-2.  Water  purification  filter  unit  (knapsack  type). 
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Figure  5-3.  Items  in  chloris&tioo  kit. 

chlorin&ting  water  and  testing  it  for  die  {voper  chlorine 
residual.  The  kit  contains  calcium  hypochlorite  ampules 
(.5  gram  each)  for  disinfecting  water  togedier  with  three 
plastic  tubes  and  three  vials  of  oithololidine  tablets  for  use 
in  determining  the  chlorine  residual.  The  vials  of 
ortbotolidine  tablets  are  packed  inside  the  plastic  tubes. 
Each  of  the  plastic  tubes  has  a  band  of  a  different  shade  of 
yellow  around  it;  the  lightest  shade  of  yellow  indicates  1 
ppm;  the  medium  shade,  5  ppm;  and  the  darkest  shade,  10 
ppm.  These  figures  are  printed  on  the  tubes. 

Disinfection  Procedures.  Water  is  disinfected  at  the 
unit  level  by  using  die  Lyster  bag  (fig.  5-1)  or  odier 
suitable  containers. 

Lyster  bag.  The  procedure  for  the  chlorinationof  water 
using  a  Lyster  bag  is  as  follows. 

a.  Clean  the  Lyster  bag  and  hang  it  by  die  supporting 
ropes  as  illustrated  in  figure  5-1.  The  supports  must  be 
sturdy,  as  die  bag  filled  with  water  weighs  approximately 
300  pounds. 

b.  Fill  die  bag  with  water  to  the  36-galloan^tks  which 
is  4  inches  from  tlie  top  of  die  bag.  If  possible,  use  setded, 
clear  water. 

c.  Put  the  contents  of  at  least  three  calcium 
hypochlorite  ampules  into  a  canteen  cup;  add  a  small 
amount  of  water  firom  the  Lyster  bag  and  stir  widi  a  small 
stick  imtil  a  diick  mixture  results ;  then  fill  the  cup  one-half 
full  of  water  and  stir  again. 

d.  Entity  die  prepared  solution  slowly  into  die  Lyster 
bag,  stirring  the  v/ater  with  a  clean  stick. 

e.  Cover  die  bag  and  flush  the  faucets  by  running  a 
small  quantity  of  the  water  through  each  of  them. 

/.  After  the  disinfecting  soluticm  has  been  oiixed  with 
water  for  10  minutes.,  hush  the  faucets  again;  then  collect 
a  sample  of  water  from  one  of  the  faucets  in  the  5  ppm 
{ lastic  tube  for  testuig. 


^.  If  the  test  shows  a  chlorine  residual  less  than  5  ppm, 
add  the  contents  of  an  additional  calcium  hypochlorite 
ampule  and  after  10  minutes  repeat  the  test. 

A.  If  the  test  shows  the  chlorine  residual  to  be  at  least  5 
ppm,  wait  an  additional  20  minutes,  because  a  tota! 
disinfection  time  of  30  minutes  is  required.  Check  the 
residual  again  before  drinking  the  water. 

Other  water  containers.  When  you  treat  water  in 
containers  other  than  a  Lyster  bag,  it*s  important  for  you 
to  remember  that  you  must  use,  different  amounts  of 
calcium  hypochlorite  depending  on  the  capacity  of  the 
container. 

n.  Five-gallon  can  of  water.  Use  one-half  of  the 
contents  of  one  calcium  hypochlorite  ampule  initially. 

b.  Rfty-five  gallon  drum  of  v/ater  "  '  ^c  four  or  five 
ampules  initially. 

c.  Four-hundred  gallon  trailer  of  water.  Use  30 
ampules  initially.  With  any  of  the  three  examples  listed 
above,  if  you  find  that  the  chlorine  residual  is  low,  add 
small  amounts  of  clacium  hypochlorite.  Remember,  as 
stated  eariier,  a  5  ppm  residual  is  the  standard  requirement 
for  field  water  supplies. 

Chlorine  residual  testing  procedure.  Determine 
chlorine  residual  of  water  by  use  of  the  plastic  tubes  and 
die  ortbotolidine  tablets  provided  in  the  chlorination  kit 
(fig.  5-3).  The  procedure  is  as  follows: 

a.  Select  the  appropriate  plastic  tube  from  the  three 
tubes  in  the  kit.  The  appropriate  tube  is  the  one  on  which 
is  printed  the  number  of  ppm  chlorine  residual  required  by 
die  medical  services. 

b.  Flush  the  faucets  of  the  Lyster  bag  and  fill  the  plastic 
tube  to  a  point  just  below  the  yellow  band. 

c.  Take  one  ortbotolidine  tablet  firom  the  vial  in  the  kit 
and  add  it  to  the  tube  of  water. 

d.  Place  die  cap  on  the  tube  of  water  and  shake  the  tube 
until  the  ortbotolidine  tablet  is  thoroughly  dissolved. 

e.  Compare  the  yellow  shade  of  the  water  with  the 
yellow  shade  of  the  band  on  the  tube.  If  tbe  color  of  the 
water  is  the  same  shade  or  darker  than  the  band,  the 
chlorine  residual  is  equal  to  or  greater  than  that  printed  on 
the  tubes .  If  a  lifter  color  or  no  color  is  formed ,  the  water 
does  not  have  a  sufficient  chlorine  residual;  therefore, 
additional  chlorination  and  testing  are  required. 

Exercises  (E45): 

1.  At  what  rate  is  the  knapsack  filter  unit  capable  of 
treating  water? 


When  two  filter  pads  arc  used  simultaneously,  how 
many  gallons  of  muddy  water  can  they  clarify  before 
being  replaced? 
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3.  What  must  be  done  to  filtered  water  to  make  it  safe  for 
drinking? 


4.  What  chlorine  residual  is  the  standard  requirement  for 
field  water  supplies? 


5.  How  much  does  the  Lyster  bag  when  properly  filled 
with  water  weigh? 


6.  How  vnnnv  calcinm  hypochlorite  ampules  added  to 
watering  up  are  needed  to  disinfect  a  Lyster 

bag  of  watcj^ . 


7.  Before  water  is  considered  safe  to  drink  from  a  Lyster 
bag,  how  much  disinfection  time  is  required? 


8.  What  kind  of  tablest  arc  provided  in  the  chlorination 
kit? 


9.  When  the  yellow  shade  of  water  is  the  same  as  the 
yellow  shade  on  the  plastic  sbede  of  the  tube,  how  does 
the  chlorine  residual  compare  to  that  printed  on  the 
tube? 


E46.  Classify  given  jproentures  as  to  tlie  nieUiod  of 
treating  indlYidBal  WMtor  supplies. 

Individual  Water  Treatment.  When  safe  water  is  not 
available  in  large  quantities,  each  perscn  must  produce 
potable  water  by  using  a  canteen  and  iodine  purification 
tablets,  calcium  hypochlorite  supplied  in  .5  gram 
ampules,  or  by  boilbig  the  water. 

Iodine  tablets.  Before  you  use  iodine  tablets,  check 
Aem  for  physical  changes,  as  they  lose  their  disinfectiiig 
ability  in  time.  Do  not  use  tablets  that  are  not  steel  gray  in 
color,  which  are  stuck  togetfier,  or  that  are  crumbled.  Use 
the  following  procedure  in  treating  water  in  a  1 -quart 
canteen  (or  any  suitable  1-quart  container) »  with  iodine 
tablets. 

a.  Fill  die  canteen  with  the  cleanest,  clearest  water 
available. 

b.  Add  one  iodine  tablet  to  your  canteen  of  a  clear 
water,  add  two  tablets  if  the  water  is  clouoy .  Double  these 
amounts  for  a  2-<iuart  canteen. 


c.  Place  the  cap  on  the  canteen  loosely;  wait  S  minutes 
then  shake  die  canteen  well,  allowing  leakage  to  rinse  the 
threads  around  the  neck  of  the  canteen. 

d.  Tighten  the  cap  and  v/ait  an  addidonal  20  minutes 
before  using  the  water  for  any  purpose. 

Calcium  hypochlorite.  Use  the  following  procedure  is 
used  to  purify  water  in  a  1-quart  canteen  with  calcium 
hypochlorite  ampules. 

a.  Fill  the  canteen  with  the  cleanest,  clearest  water 
available,  leaving  an  air  space  of  an  inch  or  more  below 
the  neck  of  the  canteen. 

b.  Fill  a  canteen  cup  hall  full  of  water  and  add  the 
calcium  hypochlorite  from  one  ampule,  stirrisig  with  a 
clean  stick  until  this  powder  is  dissolved. 

c.  Fill  the  cap  of  a  plastic  canteen  half  full  of  the 
solution  from  the  cup  and  add  it  to  the  water  in  the 
canteen;  then,  place  the  ca~  ~-  v^i^teen  and  shake  it 
thoroughly. 

NOTE:  If  an  aluminum  I-h^ou  wtfuteen  is  being  used,  add 
at  least  three  c^fuls  of  the  calcium  hypochlorite  solution 
to  the  canteen,  as  this  cap  is  much  smaller  than  the  one  on 
the  plastic  canteen. 

d.  Loosen  the  cap  slightly  and  invert  the  canteen, 
letting  the  treated  water  leak  onto  the  threads  around  die 
neck  of  the  canteen. 

e.  Tighten  the  cap  on  the  canteen  and  wait  at  least  30 
minutes  before  using  the  water  for  any  purpose. 

Boiling  of  water.  Use  this  method  when  disinfecting 
compounds  are  not  available.  It  is  a  good  method  for 
killing  disease-producing  organisms;  however,  it  has 
several  disadvantages:  (1)  fuel  is  needed;  (2)  it  takes  a 
long  time  for  the  water  to  boil  and  then  cool;  (3)  there  is  no 
residual  protection  against  recontamination.  Water  must 
be  held  at  a  rolling  boil  for  at  least  IS  seconds  to  make  it 
safe  for  drinking.  If  there  is  evidence  that  a  IS-second 
boiling  period  will  not  make  it  safe,  the  medical  services 
will  prescribe  the  longer  period  required. 

Exercises  (£46): 

1.  Qassify  each  treatment  procedure  im  column  A  by 
placing  in  the  appropriate  blank  the  ^^fter  code  of  the 
method  shown  in  column  B.  Some  ^w^cedures  may  be 
used  in  two  methods. 


Column  A 

.  (1)  Used  to  puhiy  water  in  a  1- 
quait  canteen. 

,  (2)  Used  when  disinfecting  com- 
pounds are  not  available. 

,  (3)  A  goo<*  method  for  killing 
disease*producing  organisms. 

,  (4)  Used  in  treating  water  in  a 
1 -quart  canteen. 

,  (5)  Total  elapsed  time  is  25  min- 
utes. 

,  (6)  Canteen  must  be  shaken  thor- 
oughly. 

,  (7)  Total  elapsed  time  is  30  min- 
utes before  water  is  usable. 

.  (8)  Leaves  no  protection  against 
recontamination. 


Column  B 

B.  Boiling  of  water. 

C.  Calciimi  hypochlorite. 
I.  Iodine  tablet. 
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2.  What  are  die  three  disadvantages  of  boiling  water  for 
human  consumption? 


3.  What  conditions  should  iodine  tablets  meet  in  order  to 
be  effective? 


4.  How  long  must  water  be  held  at  a  rolling  boil  before  it 
is  safe  for  drinking? 


5.  Who  will  prescribe  a  longer  boiling  period  if  the 
reqviired  time  is  not  considered  safe? 


5-3.  Mobile  Woter  Purification  Units 

Mobile  water  puiification  units  are  available  for  use 
during  contingency  operations,  and  they  can  be  installed 

a  base  or  renoote  site  on  a  permanent  or  semipermanent 
basis.  The  primary  purpose  of  these  mobile  units  is  to 
produce  safe,  germ-free  water  for  human  consumption 
and  use  in  any  &Lea  or  situation.  There  are  several  types  of 
noobile  water  purification  jnits.  Their  ou^ut  capacities 
range  fitom  600  gallons  of  water  per  hour  to  3000  gallons 
of  water  per  hour.  These  units  are  often  referred  to  as 
diatomite  puiification  units,  and  they  are  designed  to  be 
used  only  with  firesh  water. 

This  equipment  requires  three  phases  of  water 
treatment:  pretreatment,  purificatiou,  and  filtration.  You 
pretreat  water  to  remove  the  suspended  matter  and 
dissolved  gases.  You  purify  water  by  adding  chemicals  to 
the  water  for  specific  periods  of  time  to  disinfect  the  water 
by  killing  disease  organisms  and  bacteria.  You  filter  the 
water  through  a  diatomaceous  earth  type  of  filter,  which 
not  only  removes  residue  that  may  be  harmful, 
undesirable,  or  objectionable  because  of  appearance, 
taste,  or  odor  but  also  removes  certain  waterbome, 
disease-causing  bacteria.  Keep  in  mind  that  you  will  be 
woridng  with  diree  types  of  water  as  it  passes  through  the 
unit:  raw,  treated,  and  filtered. 

All  units,  regardless  of  type,  have  similar  components. 
They  operate  on  the  same  principles.  Differences  in  the 
units  exist  when  equipment  or  components  manufactured 
by  different  companies  are  used  on  die  water  purification 
units.  Since  diese  units  operate  on  the  same  principles, 
you  can  transfer  your  knowledge  of  how  one  unit  operates 
to  another.  Operating  and  maintenance  instructions, 
furnished  by  the  manufacturer  of  the  unit,  and  similar 
instructions  in  Air  Force  technical  mders,  are  available. 
Fcrilow  the  instructions  in  these  publications  when  you 
operate  and  maintain  a  diatomite  water  purification  unit. 
In  this  section,  we  discuss  the  operation  and  maintenance 


of  a  trailer-mounted  water  purification  unit  that  has  a 
water-prolucin^  capacity  of  600  gallons  per  hour. 

E47.  Identify  those  components  required  to  make  up  a 
fidd  purificatimi  unit. 

Description.  The  600-gallon-per-hour  water 
purification  unit  is  furnished  in  a  special-purpose  cargo 
body  mounted  on  a  2  ton  two- wheel  trailer.  The  erdlator 
assembly,  diatomite  filter,  filter  pump,  chemical  feed 
equipment,  with  the  necessary  piping  and  valves,  and  the 
electrical  controls  are  nK>unted  in  the  cargo  body.  These 
components  are  designed  to  be  operated  without 
removing  them  from  the  trailer  body.  The  supporting 
equipment  includes  a  3-kilowatt  gasoline-engine-driven 
generator  set,  gasoline-engine-drive  pump,  a  portable 
electric-drive  pump,  two  500-gallon  collapsible  water 
tanks,  necessary  hoses  and  fittings,  a  disk  comparator, 
and  a  supply  of  chemicals. 

Exercise  (E47): 

1 .  Place  a  checkmark  in  the  spaces  provided  below  to 
identify  components  required  to  make  up  a  field 
purification  unit. 

  (I)  2  Yz  ton  two>wheel  trailer. 

 (2)  Farm  tractor. 

  (3)  Erdlator  assembly. 

  (4)  Portable  steel  building  (10  x  10). 

  (5)  Diatomite  filter. 

  (6)  Filter  pump. 

  (7)  Chemical  feed  equipment. 

  (8)  lOOO-gallon  steel  tank. 

  (9)  Piping,  valves,  and  electrical  control. 

 (10)  3-kilowatt,  gasoline-engine-drive  generator 

set. 

 (11)  Portable  elevated  water  tower. 

 (12)  GasolLne-engine-driven  pump. 

 (13)  Pontoon  bridge. 

 (14)  Portable  electrically  driven  pump. 

 (15)  Two  SOO-gallon  collapsible  wat&i  tanks. 

 (16)  Field  laboratory. 

 (17)  Disk  comparator  and  a  supply  of  chemicals. 

E48.  Label  on  a  diagram  the  nuOor  components  of  sm 
erdlator  assembly,  and  state  how  the  erdlator 
operates. 

Erdlator  Assembly.  The  erdlator  assembly  (cross 
section  in  fig.  5-4)  reduces  the  organic  and  suspended 
matter  content  of  the  water  and  produces  an  effiuent 
suitable  for  application  to  the  diatomite  filter.  Raw  water 
is  introduced  to  the  influent  launder  (4)  at  the  top  of  the 
erdlator  tank  through  the  aspirators;  tbxs  action  aerates  the 
raw  water.  The  water  overflows  from  the  influent  launder 
to  the  mixing  zone  ( 1 2)  where  it  is  thoroughly  mixed  with 
ferric  chloride,  pulverized  limestone,  calcium 
hypochlorite  and,  when  necessary,  activated  carbon.  As 
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SEPARATOR  ZOrsJF 

CLARIFICATION  ZONE 
MIXING  ZONE 


1 . 

2. 
3. 
4. 
5 
6. 


DOWNCOMER  TUBE 
EFFLUENT  LAUNDER 
CIRCULAR  DISK  <4  REQUIRED) 
tNFLUENT  LAUNDER 
AGITATOR  SHAFT 
SEPARATOR  ZONE 


7.  SLUDGE  CONCENTRATOR  TANK 

8.  CLARIFICATION  ZONE 

9.  WET  WELL  TANK 

10.  BAFFLE 

11.  BAFFLE  RING 

12.  MIXING  ZONE 


Figure  5-4.  Cross  section  of  crxHator. 
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the  r  ;uid  descends  through  the  mixing  zone,  it  is  mixed 
by  the  flat  circular  disks  (3)  equally  spaced  on  the  sh.ift. 

The  flow  through  the  mixing  zooc  is  a  downward 
rotation  and  is  deflected  by  a  series  of  shallow  baffles  ( 1 0) 
in  the  bottom  of  the  erdlator  t&nkand  directed  in  a  counter 
rotation  into  Ae  clarification  zone  (8).  The  resulting 
counter  rotation  is  reduced  but  omtinues  at  a  sufficient 
velocity  to  keep  the  slurry  pool  rotating.  The  sluny  is 
separated  from  the  clear  water  in  the  upper  section  of  the 
erdlator  tank  in  the  separatcn:  zone  (6).  The  clear  water  is 
collected  by  the  effluent  launder  (2)  and  dischaiged  into 
die  wet  well  tank  (9)  where  it  is  stcned  until  it  is  delivered 
into  the  filter.  The  slurry  level  in  ttie  erdlator  tank  is 
controlled  by  means  of  an  extoior  sludge  concentrator 
tank  (7).  A  portion  of  the  slurry  firom  the  top  of  the  sluny 
pool  in  the  separator  zone  is  continuously  withdrawn  by 
pm^fty  flow  to  the  sludge  concentrator  tank. 

4^  *  //.  The  wet  well  (9)  is  a  tank  welded  to  the  £ront 
i^vdrant  of  the  erdlator  for  the  collectira  of  the  effluent 
from  the  erdlator.  It  provides  limited  storage  of 
coagulated  water  and  serves  as  a  svanp  for  die  suction  of 
the  filter  punq>.  An  overflow  pipe  to  waste  in  the  wet  well 
permits  operation  of  the  erdlator  at  rated  capacity  when 


the  filter  is  stopped.  A  float  switch,  operated  from  the  wet 
well,  sounds  an  alarm  and  lights  a  red  signal  light  when 
the  Alter  pump  pumps  water  from  the  wet  well  at  a  rate 
greater  than  the  incoming  supply.  A  drain  in  the  bottom  of 
the  wet  well  permits  complete  drainage  of  the  tank  to 
waste  when  water  unsuited  for  filtering  is  obtained  from 
the  erdlator. 

Sludge  concentration  tank.  The  sludge  concentrator 
tank  (7)  is  attached  externally  to  the  erdlator  and,  through 
a  pipeline  arrangement,  receives,  by  gravity  flow,  the 
flocculent  slurry  from  the  erdlator.  The  sludge 
concentrator  functions  as  a  small  auxiliary  erdlator.  It 
provides  a  longer  holding  period  for  slurry  concentration 
and  a  reduced  upflow  water-rise  rate  for  separation  of 
clear  water  from  the  slurry.  The  concentrator  permits 
settling  of  the  slurry  in  the  bottom  of  the  tank  for 
continuation  of  intermittent  drainage  to  waste  and 
skinuning  of  a  clear  coagulated  water  at  the  top  of  the  tank 
for  return  to  die  wet  well  and  eventual  pumping  to  the 
filter.  The  drainage  of  slurry  to  waste  and  the  return  flow 
to  the  wet  well  is  manually  controlled  by  the  operator, 
depending  upon  the  amount  of  a  slurry  produced  in  the 
erdlator. 
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Figure  5-5.  Objective  E54,  exercise  1. 
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Complete  the  following  statements  that  describe  the 
operation  of  the  erdlator. 

2.  The  erdlator  assembly  reduces  the  organic  suspended 
matter  content  of  the  water  and  produces  an 

  suitable  for  application  to  the 

 filter. 


Raw  water  is  introd  at  the  top  influent 
launder  at  the  top  of  the  erdlator  tank  ttirough  the 
 ,  which  the  raw  water. 


The  water  overflows  from  die  influent  launder  to  the 
mixing  zone,  where  it  is  thoroughly  mixed  with 

 ,  pulverized 

 ,  ,  and,  when 


necessary. 


11.  Apcntionofthesluny  from  the  top  of  the  slurry  pool 
in  tbc  separator  zone  is  continuously  withdrawn  by 
 flow  to  the  sludge  concentrator  tank. 


12.  An  overflow  pipe  to  waste  in  the  wet  well  pe^.  ^ 
operation  of  the  erdlator  at  rated  capacity  when  the 
filter  is  . 


13.  A  float  switch,  operated  from  the  wet  well,  sounds  an 
alarm  and  lights  a  red  signal  light  when  the  filter 
pump  pumps  water  from  the  wet  well  at  a  rate  greater 
than  the  . 


14.  The  sludge  concentration  tank  receives,  by  gravity 
glow,  the  slurry  from  the  erdlatcnr. 


S.  As  the  liquid  descends  through  the  mixing  zone,  it  is 

mixed  by  the  disks  equally 

spaced  on  the  shaft. 


15.  The  sludge  concentrate  functions  as  a  small 
 erdlator. 


6.  The  flow  through  the  mixing  zone  is  a  downward 

rotation  and  is  deflected  by  a  series  cf  in 

the  bottom  of  the  erdlator  tank  and  directed  in  a 
 rotation  into  the  zone. 


16.  The  concentrator  provides  a  longer  holding  period 

for  slurry  concentration  and  a  reduced  .  

water  rise  rate  for  separation  of  clear  water  from  the 


7.  The  resulting  counter  rotation  is  reduced  but 
continues  at  a  sufficient  velocity  to  keep  the 
 pool  rotating. 


17.  The  drainage  of  slurry  to  waste  and  ttie  return  flow  to 

the  wet  well  is    controUoi'  c^f 

operator. 


up: 

zone. 


^^rv     sn^Kinit. i%om  the  clear  water  in  the 
ji  the  erdlator  tank  in  the  


9.  The  clear  water  is  collected  by  the  effluent  launder 

and  discharged  into  the  

tank,  where  it  is  stored  until  it  is  delivered  to  tbc 


10.  The  slurry  level  in  the  erdlator  tank  is  controlled  by 
means  of  an  exterior  tank. 


E49.  Specify  the  operatkm  and  constructkm  of  the 
filter  section  of  the  erdlator  assembly. 

Filter  SectkNi.  The  filter  section  permits  precoating  of 
the  filter  elements  with  a  concentrated  diatomaceous  earth 
slurry,  filtration  at  a  ccmstant  rate,  and  backwashing  by 
ttie  air  pump  mediod.  The  diatomite  filters  are  divided 
into  ttuee  sections:  efflueut,  influent,  and  wash  ring. 
Notice  ttiese  sections  and  die  atba  parts  of  the  filter 
shown  in  figure  5-6. 

The  effluent  section  (5)  is  the  conical  base  of  the  filter. 
The  filter  waterline  is  connected  to  the  effluer*  section 
and  contains  die  IV^inch  effluent  plug  valvr.  .  .  flow 
controller  valve,  and  gate  valve  in  the  filter  discharge 
line,  and  the  1/2-inch  drain  gate  valve.  Inside  the  effluent 
section  is  anottier  corneal  section  separated  from  the  ^t. 
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1.  FILTER  ELEMENT  (4  REQUIRED) 

2.  FILTER  HOUSING  COVER  (AIR  DOME) 

3.  FILTER  WINDOW 

4.  WASH  RING 

5.  EFFLUENT  SECTION 

6.  INFLUENT  SECTION 

7.  PLASTIC  CUP  (32  REQUIRED) 


Hie  latter  conical  section  and  the  cylindrical  section 
above  it  con^mse  the  influent  section.  This  is  die  section 
that  can  be  seen  by  looking  through  the  filter  window  or 
by  removing  the  Alter  shell  dome. 

The  Alter  elements  arc  inside  the  influent  section.  Each 
element  is  connected  to  the  effluent  section  by  two  pipes, 
one  at  the  base  and  one  odier  at  the  tc^  of  tbe  element. 
Water  in  die  influent  section  cannot  reach  die  effluent 
section  except  through  the  Alter  elements.  The  Alter 
element  consists  of  a  perflated  metal  tube  covered  by  a 
plastic  membrane  sleeve.  Inside  die  tube  are  inverted 
plastic  cups.  The  upper  and  lower  ends  of  the  tube  are 
connected  to  the  two  pipes.  The  top  of  die  influent  section 
is  inclosed  by  the  Alter  shell  dome  and  the  air  release 
valve. 

The  wash  ring  is  separated  firom  the  influent  secticHi  by 
a  cylindrical  baffle.  At  the  base  of  this  baffle  are  small 
v/ires.  Water  entering  the  wash  ring  through  the  upper  line 
from  the  influent  plug  valve  is  forced  to  swiri  by  tbc  baffle 
and  is  directed  downward  along  die  conical  section  of  die 
influent  section  by  the  wires.  The  influent  pressure  line  is 
connected  to  the  wash  ring.  It  contains  die  pressure  gage, 
the  1/4-inch  draincock,  and  the  1/8-inch  draincock.  The 
effluent  pressure  line  is  connected  to  die  ffltered  line.  It 
contains  die  pressure  gage,  die  1/4-inch  draincock,  and 
the  1/8-inch  draincock. 

The  precoat  funnel  is  used  when  precoating  the  Alter 
element  before  going  into  normal  operation.  The  flow 
controller  controls  die  flow  of  water  through  the  fflter. 
Two  pressure  gages  indicate  the  amount  of  pressure  cm  die 
influent  and  effluent  sides  of  the  fflter. 

The  air  release  valve  releases  air  in  die  dome  o^  *^ 
Alter.  When  the  air  release  valve  is  opened,  die  air 
pressure  under  the  fflter  dome  is  suddenly  released.  The 
air  in  the  Alter  element  inverted  plastic  cups  expands  with 
the  effect  of  a  blast.  The  plastic  sleeves  around  the  fflter 
elements  also  expand  following  the  air  blast  and  cause  the 
coating  of  Alter  aid  and  accumulated  foreign  matter  to  fall 
off. 

Exercises  (E49): 

1 .  With  what  does  the  fflter  section  permits  precoating 
of  the  fflter  elements? 


The  diatomite  fflters  are  divided  into  what  thic 
sections? 


3.  The  Alter  elements  are  inside  what  section? 


Figure  5-6.  Diatomite  filter. 
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AMPVLK  OF 
CALCn  1 
HYPOCHLOtlTE 


PLASTIC  TtJUh 

wrm 

YbLLOV  BAND 


VIAU  OK 
ORTHOTOl.tUINF- 
TESTING 
TABLETS 


Ingure  5-3.  Items  in  chlorination  kit. 

chlorinating  water  and  testing  it  for  the  proper  chlorine 
residual.  The  kit  contains  calcium  hypochlorite  ampules 
(.5  gram  each)  for  disinfecting  water  together  with  three 
plastic  tubes  and  three  vials  of  cnthotolidine  tablets  for  use 
in  determining  the  chlorine  residual.  The  vials  of 
orttiotolidine  tablets  are  packed  inside  die  plastic  tubes. 
Each  of  the  plastic  tubes  has  a  band  of  a  different  shade  of 
yellow  around  it;  the  li^test  shade  of  yellow  indicates  1 
ppm;  the  medium  shade,  5  ppm;  and  the  darkest  shade,  10 
p[>m.  These  figures  are  printed  on  the  tubes. 

Disiiiflection  Procednres.  Water  is  disinfected  at  the 
unit  level  by  using  the  Lyster  bag  (fig.  5-1)  or  odier 
suitable  ccmtainers. 

Lyster  bag.  The  jnocedure  for  the  chlorination  of  water 
using  a  Lyster  bag  is  as  follows. 

a.  Qean  the  Lyster  bag  and  hang  it  by  the  supporting 
rr  s  as  illustrated  in  figure  S-i.  The  supports  must  be 
stuidy ,  as  die  bag  filled  with  water  weighs  api»oximately 
300  pounds. 

b.  Hll  die  bag  with  water  to  the  36-gallon  marks  which 
is  4  inches  from  the  top  of  the  bag.  If  possible,  use  settled, 
'^lear  water. 

c.  Put  the  contents  of  at  least  three  calcium 
hjrpochlCHite  ampules  into  a  canteen  cup;  add  a  small 
amount  of  water  fix>m  die  Lyster  bag  and  stir  with  a  small 
stick  until  a  thick  mixture  results;  then  fill  the  cup  one-half 
full  of  water  and  stir  again. 

d.  Empty  the  prepared  solution  slowly  into  the  Lyster 
bag,  stirring  die  water  with  a  clean  stick. 

e.  Cover  ibc  bag  and  flush  die  faucets  by  running  a 
smaU  quantity  of  the  water  through  each  of  them. 

/.  After  the  disinfecting  soluticm  has  been  mixed  with 
water  for  10  minutes,  flush  die  faucets  again;  then  collect 
a  sample  of  water  from  one  of  die  faucets  in  the  5  ppm 
plastic  tube  for  testing. 


^.  If  the  test  shows  a  chlorine  residual  less  than  S  ppm, 
add  the  contents  of  an  additional  calcium  hypochlorite 
ampule  and  after  10  minutes  repeat  the  test. 

h.  If  the  test  shows  the  chlorine  residual  to  be  at  least  5 
ppm,  wait  an  additional  20  minutes,  because  a  total 
disinfection  time  of  30  minutes  is  required.  Check  the 
residual  again  before  c\rinking  the  water. 

Other  water  containers.  When  you  treat  water  in 
containers  other  than  a  Lyster  bag,  it's  important  for  you 
to  remember  that  you  must  use,  different  amounts  of 
calcium  hypochlorite  depending  on  the  capacity  of  the 
container. 

a.  Five-gallon  can  of  water.  Use  one-half  of  the 
contents  of  one  calcium  hypochlorite  ampule  initially. 

b.  Fifty-five  gallon  drum  of  water.  Use  four  or  five 
ampules  initially. 

c.  Four-hundred  gallon  trailer  of  water.  Use  30 
ampules  initially.  With  any  of  the  three  examples  listed 
above,  if  you  find  that  the  chlorine  residual  is  low,  add 
small  amounts  of  clacium  hypochlorite.  Remember,  as 
stated  earlier,  a  5  ppm  residual  is  the  standard  requirement 
for  field  water  supplies. 

Chlorine  residual  testing  procedure.  Determine 
chlorine  residual  of  water  by  use  of  the  plastic  tubes  and 
die  orthotolidine  tablets  provided  in  the  chlorination  kit 
(fig.  5-3).  The  procedure  is  as  follows: 

a.  Select  the  appropriate  plastic  tube  from  the  three 
tubes  in  the  kit.  The  appropriate  tube  is  the  one  on  which 
is  printed  the  number  of  ppm  chlorine  residual  required  by 
the  medical  services. 

h.  Flush  the  faucets  of  the  Lyster  bag  and  fill  the  plastic 
tube  to  a  point  just  below  the  yellow  band. 

c.  Take  one  orthotolidine  tablet  from  the  vial  in  the  kit 
and  add  it  to  the  tube  of  water. 

d.  Place  the  cap  on  the  tube  of  water  and  shake  the  tube 
until  the  orthotolidine  tablet  is  thoroughly  dissolved. 

e.  Compare  the  yellow  shade  of  the  water  with  the 
yellow  shade  of  the  band  on  the  tube.  If  the  color  of  the 
water  is  the  same  shade  or  darker  than  the  band,  the 
chlorine  residual  is  equal  to  or  greater  than  that  printed  on 
the  tubes.  Ifa  lighter  color  or  no  color  is  formed,  the  water 
does  not  have  a  sufficient  chlorine  residual;  therefore, 
additional  chlorination  and  testing  are  required. 

Exercises  (E45): 

1.  At  what  rate  is  the  knapsack  filter  unit  capable  of 
treating  water? 


When  two  filter  pads  are  used  simultaneously,  how 
many  gallons  of  muddy  water  can  they  clarify  before 
being  replaced? 
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3 .  What  must  be  done  to  filtered  water  to  make  it  safe  for 
drinking? 


4.  What  chlorine  lesidual  is  the  standard  requirement  for 
field  water  supplies? 


i  .  How  much  does  the  Lyster  bag  when  properly  filled 
with  water  weigh? 


6.  How  many  calcium  hypochlorite  ampules  added  to 
water  in  a  canteen  cup  are  needed  to  disinfect  a  Lyster 
bag  of  water? 


7.  Before  water  is  considered  safe  to  drink  from  a  Lyster 
bag,  how  much  disinfection  time  is  required? 


8.  What  kind  of  tablest  are  provided  in  the  chlorination 
kit? 


9.  When  the  yellow  shade  of  water  is  the  same  as  the 
yellow  shade  on  the  plastic  shade  of  the  tube,  how  does 
the  chlorine  residual  compare  to  diat  printed  on  die 
tube? 


c.  Place  the  cap  on  the  canteen  loosely;  wait  5  minutes 
then  shake  the  canteen  weU,  allowing  leakage  to  rinse  the 
direads  around  the  neck  of  the  canteen. 

Tighten  the  cap  and  wait  an  additional  20  minutes 
before  using  the  water  for  any  purpose. 

Calcium  hypochlorite.  Use  the  foUowing  procedure  is 
used  to  purify  water  in  a  l-<iuart  canteen  with  calcium 
hypochlorite  ampules. 

a.  Fill  the  canteen  with  the  cleanest,  clearest  water 
available,  leaving  an  air  space  of  an  inch  or  more  below 
the  neck  of  the  canteen. 

b.  Fill  a  canteen  cup  half  full  of  water  and  add  the 
calcium  hypochlorite  from  one  ampule,  stirring  with  a 
clean  stick  until  this  powder  is  dissolved. 

c.  Fill  the  cap  of  a  plastic  canteen  half  full  of  the 
solution  from  the  cup  and  add  it  to  the  water  in  the 
canteen;  then,  place  the  cap  on  the  canteen  and  shake  it 
thorou^y. 

NOTE:  If  an  aluminum  1-quart  canteen  is  being  used,  add 
at  least  three  ci^fuls  of  the  calcium  hypochlorite  solution 
to  the  canteen,  as  this  cap  is  much  smaller  than  the  one  on 
the  plastic  canteen. 

d.  Loosen  the  cap  slightly  and  invert  the  canteen, 
letting  the  treated  water  leak  onto  the  threads  around  the 
neck  of  the  canteen. 

e.  Tighten  the  cap  on  the  canteen  and  wait  at  least  30 
minutes  before  using  the  water  for  any  purpose. 

Boiling  of  water.  Use  this  method  when  disinfecting 
compounds  are  not  available.  It  is  a  good  method  for 
killing  disease-producing  organisms;  however,  it  has 
several  disadvantages:  (1)  fuel  is  needed;  (2)  it  takes  a 
long  time  for  the  water  to  boil  and  then  cool;  (3)  there  is  no 
residual  protection  against  lecontamination.  Water  must 
be  held  tX  a  rolling  boil  for  at  least  IS  seconds  to  make  it 
safe  for  drinking.  If  there  is  evidence  that  a  IS-second 
boiling  period  will  not  make  it  safe,  the  medical  services 
will  prescribe  the  longer  period  required. 


E46*  Cl&ssUy  given  procedures  as  to  the  method  of 
treating  individual  water  supplies. 

Individual  Water  Treatment.  When  safe  water  is  not 
available  in  large  quantities,  each  person  must  produce 
potable  water  by  using  a  canteen  and  iodine  purification 
tablets,  calcium  hypochlorite  supplied  in  .5  gram 
ampules,  or  by  boiling  die  water. 

Iodine  tablets.  Before  you  use  iodine  tablets,  check 
them  for  physical  changes,  as  diey  lose  dieir  disinfecting 
ability  in  time.  Do  not  use  tablets  that  are  not  steel  gray  in 
color,  which  are  stuck  together,  or  that  are  crumbled.  Use 
the  following  procedure  in  treating  water  in  a  1-quart 
canteen  (or  any  suitable  1-quart  container),  with  iodine 
tablets. 

a.  Fill  the  canteen  with  the  cleanest,  clearest  water 
available. 

b.  Add  one  iodine  tablet  to  yocr  canteen  of  a  clear 
water;  add  two  tablets  if  the  water  is  c'oudy .  Double  these 
amounts  for  a  2-quart  canteen. 


Exercises 

1.  Classify  each  treatment  procedure  in  column  A  by 
placing  in  the  appropriate  blank  the  letter  code  of  the 
method  shown  in  column  B .  Some  procedures  may  be 
used  in  two  methods. 
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Column  A 

.  (1)  Used  to  purify  water  in  a  1- 
quatt  canteen. 

.  (2)  Used  when  disinTecting  com- 
pounds are  not  available. 

.  (3)  A  good  method  for  killing 
disease-producing  organisms. 

.  (4)  Used  in  treating  water  in  a 
1 -quart  canteen. 

.  (5)  Total  eliq>sed  time  is  25  min- 
utes. 

.  (6)  Canteen  must  be  shaken  thor- 
oughly. 

.  (7)  Total  elapsed  time  is  30  min- 
utes before  water  is  usable. 

,  (8)  Leaves  no  protection  against 
recontamination. 

7S0 


Coltunn  B 

B.  Boiling  of  water. 

C.  Calcium  hypochlorite. 
L  Iodine  Ublet. 


EKLC 


2.  What  are  the  three  disadvantages  of  boiling  water  for 
human  consumption? 


3.  What  conditions  should  iodine  tablets  meet  in  order  to 
be  effective? 


4.  HoM'  long  must  water  ^  i\  rolling  boil  before  it 

is  safe  for  drii  ■  •'^5? 


5.  Who  will  prescribe  a  longer  boiling  period  if  the 
required  time  is  not  considered  safe? 


5-3.  Mobile  Water  Purification  Unite 

Mobile  watrr  purification  units  are  available  for  use 
during  contingency  operations,  and  they  can  be  installed 
at  a  base  or  remote  site  on  a  permanent  or  semipermanent 
basis.  The  primary  purpose  of  these  mobile  units  is  to 
produce  safe,  germ-free  water  for  human  consumption 
and  use  in  any  area  o *  situation.  There  are  several  types  of 
mobile  water  purification  units.  Their  ou^ut  capacities 
range  from  600  gallons  of  water  per  hour  to  3000'gallons 
of  water  per  hour.  These  umN  are  often  referred  to  as 
diatomite  purification  units,  and  ^y  arc  designed  to  be 
used  only  witii  fresh  water. 

This  equipment  requires  three  phases  of  water 
treatment:  pretreatment,  purification,  wd  filtration.  You 
pretreat  water  to  remove  the  suspended  matter  and 
dissolved  gases.  You  purify  water  by  adding  chemicals  to 
the  water  for  specific  periods  of  time  to  disinfect  the  water 
by  killing  disease  organisms  and  bacteria.  You  filter  the 
water  tiuxMigh  a  diatomaceous  earth  type  of  filter,  which 
not  only  removes  residue  that  may  be  harmful, 
undesirable,  or  objectionable  because  of  appearance, 
taste,  or  odor  but  also  removes  certain  waterbome, 
disease-causing  bacteria.  Keep  in  micd  that  you  will  be 
working  with  three  types  of  waijtr  as  it  passes  through  tiie 
unit:  raw,  treated,  end  filtered. 

All  units,  regardless  of  type,  have  similar  components. 
They  operate  on  the  same  principles.  Differences  in  the 
units  exist  when  equipnoent  at  components  manufacnired 
by  diffeient  companies  are  used  on  die  water  purification 
units.  Since  these  units  operate  on  tiie  same  principles, 
you  can  transfer  your  knowledge  of  how  one  unit  <qierates 
to  another.  Operating  and  maintenance  instructions, 
furnished  by  the  manufacturer  of  the  unit,  and  similar 
instnictions  in  Air  Fores  technical  mlers,  are  available. 
Fcrilow  the  instructicms  in  these  publications  when  you 
operate  and  maintain  a  diatomite  water  purification  unit. 
In  this  section,  we  discuss  the  operation  and  maintenance 


of  a  trailer-mounted  water  purification  unit  that  has  a 
water-producing  capacity  of  600  gallons  per  hour. 

E47.  Identify  those  components  required  to  make  up  a 
n^id  purification  unit. 

Description.  The  600-gallon-per-hour  water 
:rificaticn  unit  is  famished  in  a  special-purpose  cargo 
bod.  mounted  on  a  2 ton  two-wheel  trailer.  The  erdlator 
i^^sembly,  diatomite  filter,  filter  pump,  chemical  feed 
equipment,  with  the  necessary  piping  and  valves,  and  the 
electrical  controls  are  mounted  in  the  cargo  body.  These 
components  are  designed  to  be  operated  without 
removing  them  from  the  trailer  body.  The  supporting 
equipment  includes  a  3-kilowatt  gasoline-engine-driven 
generator  set,  gasolinc-engine-drive  pump,  a  portable 
electric-drive  puii^>,  two  SOO-gallon  collapsible  water 
tanks,  necessary  hoses  and  fittings,  a  disk  comparator, 
and  a  su;.ply  of  chemicals. 

Exercise  (E47): 

1.  Place  a  checkmark  in  the  spaces  provided  below  to 
identify  components  required  to  make  up  a  field 
purification  unit. 

  (1)  2     ton  two- wheel  trailer. 

  (2)  Farm  tractor. 

  (3)  Erdlator  assembly. 

  (4)  Portable  steel  building  (10  x  10). 

  (5)  Diaton:ute  filter. 

  (6)  Filter  pump. 

  (7)  Chemical  feed  equipment. 

  (8)  1000-gallon  steel  tank. 

  (9)  Piping,  valves,  and  electrical  control. 

 (10)  3-kilowatt,  gasoline-engine-drive  generator 

set. 

 (11)  Portable  elevated  water  tower. 

 (12)  Gasoline-engine-driven  pump. 

 (13)  Pontoon  bridge. 

 (14)  Portable  electrically  driven  pump. 

 (IS)  Two  SOO-gallon  collapsible  water  tanks. 

 (16)  Field  laboratory. 

 (17)  Disk  comparator  and  a  supply  of  chemicals. 

E4S.  Label  on  a  diagram  the  nu^or  componects  of  an 
erdialo^r  assembly,  and  state  how  the  erdlator 
operates. 

Erdlator  Assembly.  The  erdlator  assembly  (cross 
section  in  fig.  5-4)  reduces  ttie  organic  and  suspended 
matter  content  of  the  water  and  {»oduces  an  effiuent 
suitable  fc  application  to  the  diatomite  filter.  Raw  water 
is  introduced  to  the  influent  launder  (4)  at  the  top  of  the 
erdlator  tank  through  the  aspirators;  tiiis  action  aerates  the 
raw  water.  The  water  overflows  from  the  influent  launder 
to  the  mixing  zone  (12)  where  it  is  thoroughly  mixed  with 
ferric  chlorideV  pulverized  limestone,  calcium 
hypochlorite  anQ,'when  necessary,  activated  carbon.  As 
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SEPARATOR  ZONE 


CLARIFICATION  ZONE 
MIXING  ZONE 


1 . 
2. 
3. 
4. 

5. 
6. 


DOWNCOMER  TUBE 
EFFLUENT  LAUNDER 
CIRCULAR  DISK  (4  REQUIRED) 
INFLUENT  LAUNDER 
AGITATOR  SHAFT 
SEPARATOR  ZONE 


7.  SLUDGE  CONCENTRATOR 

8.  CLARIFICATION  ZONE 

9.  WET  WELL  TANK 

10.  BAFFLE 

11.  BAFFLE  RING 

12.  MIXING  ZONE 


Figure  5-4.  Cross  section  of  eitUator. 
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the  liquid  descends  through  the  mixing  zone,  it  is  mixed 
by  the  flat  circular  disks  (3)  equally  spaced  on  the  shaft. 

The  flow  through  the  mixing  zone  is  a  downward 
rotation  and  is  deflected  by  a  series  of  shallow  baffles  (10) 
in  the  bottom  of  tihe  erdlator  tank  and  directed  in  a  counter 
rotation  into  the  clarification  zone  (8).  The  resulting 
counter  rotation  is  reduced  but  continues  at  a  sufficient 
velocity  to  keep  the  slurry  pool  rotating.  The  slurry  is 
separated  from  the  clear  water  in  die  upper  section  of  the 
erdlator  tank  in  the  separator  zone  (6).  The  clear  water  is 
collected  by  the  effluent  launder  (2)  and  discharged  into 
d)e  wet  well  tank  (9)  where  it  is  stored  until  it  is  delivered 
into  the  filter.  The  slurry  level  in  the  erdlator  tank  is 
controlled  by  means  of  an  exterior  sludge  concentrator 
tank  (7).  A  portion  of  the  slurry  from  the  top  of  the  slurry 
pool  in  the  separator  zone  is  cimtinuously  withdrawn  by 
gravity  flow  fo  the  sludge  concentrator  tank. 

Wet  well.  The  wet  well  (9)  is  ^^  tank  welded  to  the  front 
quadrant  of  the  erdlator  for  the  collection  of  the  effluent 
from  the  erdlator.  It  provides  limited  storage  of 
coagulated  water  and  serves  as  a  sump  for  the  suction  of 
the  filter  pump.  An  overflow  pipe  to  waste  in  the  wet  well 
permits  operation  of  the  erdlator  at  rated  capacity  when 


the  filter  is  stopped.  A  float  switch,  operated  from  the  wet 
well,  sounds  an  alarm  and  lights  a  red  signal  light  when 
die  filter  pump  pum^s  water  from  the  wet  well  at  a  rate 
greater  than  the  incoi  .g  supply .  A  drain  in  the  bottom  of 
the  wet  well  permits  complete  drainage  of  the  tank  to 
waste  when  water  unsuited  for  filtering  is  obtained  from 
the  erdlator. 

Sludge  concentration  tank.  The  sludge  concentrator 
tank  (7)  is  attached  externally  to  the  erdlator  and,  through 
a  pipeline  arrangement,  receives,  by  gravity  flow,  the 
flocculent  slurry  from  the  erdlator.  The  sludge 
concentrator  functions  as  a  small  auxiliary  erdlator.  It 
provides  a  longer  holding  period  for  slurry  concentration 
and  a  reduced  upflow  water-rise  rate  for  separation  of 
clear  water  from  the  slurry.  The  concentrator  permits 
settling  of  the  slurry  in  the  bottom  of  the  tank  for 
continuation  of  intermittent  drainage  to  waste  a  i 
skinmiing  of  a  clear  coagulated  water  at  the  top  of  the  tank 
for  return  to  the  wet  well  and  eventual  pumping  to  the 
filter.  The  drainage  of  slurry  to  waste  and  the  return  flow 
to  the  wet  well  is  manually  controlled  by  the  operator, 
depending  upon  the  amount  of  a  slurry  produced  in  the 
erdlator. 
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Exerdits  (E48): 


1.  Using  the  illustration  below  (fig.  5-5) »  label  the 
major  components  of  the  enllator  assembly. 


Complete  the  following  statements  that  describe  the 
operation  of  the  erdlator. 

2.  The  etdlator  assembly  reduces  the  organic  suspended 
matter  content  of  the  water  and  produces  an 

  suitable  for  application  to  the 

 filter. 


3  Raw  water  is  introduced  to  the  at  the  top  influent 
launder  at  the  top  of  the  erdlator  tank  thix>ugh  the 

 ,  which  the  f^w  watcf . 


The  water  overflows  from  the  influent  launder  to  the 
mixing  zone,  where  it  is  thoroughly  rnixed  with 

   ,  pulverized 

 ,  »and»waen 


necessary, 


11.  Aportionof  the  slurry  from  the  top  of  the  slurry  pool 
in  the  separator  zone  is  continuously  withdrawn  by 
 flow  to  the  sludge  concentrator  tank. 


12.  An  overflow  pipe  to  waste  in  the  wet  well  permits 

operation  of  the  erdlator  at  rated  capacity  when  the 
filter  is  . 


13.  A  float  switch ,  operated  fironi  the  wet  well ,  sounds  an 
alarm  and  lights  a  red  signal  light  when  the  filter 
pump  pumps  water  from  the  wet  well  at  a  rate  greater 
than  the  . 


14.  The  sludge  concentration  tank  receives,  by  gravity 
glow,  the  slurry  from  the  erdlatcM*. 


S.  As  the  liquid  descends  through  the  mixing  zone,  it  is 

mixed  by  the   disks  equally 

spaced  on  the  shaft. 


IS.  The  sludge  concentrate  functions  as  a  small 
 erdlator. 


The  flow  through  the  mixing  zone  is  a  downward 

rotation  and  is  deflected  by  a  scries  of  in 

the  bottom  of  the  erdlator  tank  and  directed  in  a 
 rotation  into  the  zone. 


16.  The  concentrator  provides  a  longer  holding  period 

for  slurry  concentration  and  a  reduced  

water  rise  rate  for  separation  of  clear  water  from  the 


7.  The  resulting  counter  rotation  is  reduced  but 
continues  at  a  sufficient  velocity  to  keep  the 
 pool  rotating. 


17.  The  drainage  of  slurry  to  waste  and  the  return  flow  to 

the  wet  well  is   controlled  by  the 

operator. 


8. 


The  slurry  is  separated  from  the  clear  water  in  the 

upper  section  of  the  erdlator  tank  in  the  

zone. 


9.  The  clear  water  is  collected  by  the  effluent  launder 

and  discharged  into  tiie  

tank,  where  it  is  stored  until  it  is  delivered  to  the 


10.  The  slurry  level  in  the  erdlator  tank  is  controlled  by 
means  of  an  exterior  tank. 


E49.  Specify  the  operation  and  construction  of  the 
filter  section  of  the  erdlator  aMembly. 

Filter  Section.  The  filter  section  permits  i»:ecoating  of 
die  filter  elements  with  a  concentrated  diatomaceous  earA 
slurry,  filtration  at  a  constant  rate,  and  backwashing  by 
the  air  jprnnp  metfiod.  The  diatomite  filters  are  divided 
into  three  sections:  effluent,  influent,  and  wash  ring. 
Notice  these  sections  and  the  odier  parts  of  the  filter 
shown  in  figure  S«6. 

The  effluent  section  (S)  is  the  conical  base  of  d»6  filter. 
The  filter  waterUne  is  connected  to  the  effluent  section 
and  contains  die  IV^inch  effluent  plug  valve,  the  flow 
controller  valve,  and  gate  vidve  in  the  filter  discharge 
line»  and  die  1/2-inch  drain  gate  valve.  Inside  the  effluent 
section  is  anodier  conical  section  separated  from  die  first. 
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1.  FILTER  ELEMENT  (4  REQUIRED) 

2.  FILTER  HOUSING  COVER  (AIR  DOME) 

3.  FILTER  WINDOW 

4.  WASH  RING 

5.  EFFLUENT  SECTION 

6.  INFLUENT  SECTION 

7.  KLASTIC  CUP  (32  REQUIRED) 

CNG-088 


The  latter  conical  section  and  the  cylindrical  section 
above  it  comprise  the  influent  section.  This  is  the  section 
that  can  be  seen  by  looking  through  the  filter  window  or 
by  removing  the  filter  shell  dome. 

The  niter  elements  are  inside  the  influent  section.  Each 
element  is  connected  to  the  effluent  section  by  two  pipes, 
one  at  the  base  and  one  otiher  at  the  top  of  the  element. 
Water  in  the  influent  section  cannot  reach  the  effluent 
section  except  through  the  filter  elements.  The  filter 
element  consists  of  a  perforated  metal  tube  covered  by  a 
plastic  membrane  sleeve.  Inside  the  tube  are  inverted 
plastic  cups.  The  upper  and  lower  ends  of  the  tube  are 
connected  to  the  two  pipes.  The  top  of  the  influent  section 
is  inclosed  by  the  filter  shell  dome  and  the  air  release 
valve. 

The  wash  ring  is  separated  from  the  influent  section  by 
a  cylindrical  baffle.  At  the  base  of  this  baffle  are  small 
wires.  Water  entering  the  wash  ring  through  the  upper  line 
froni  the  influent  plug  valve  is  forced  to  swiri  by  the  baffle 
and  is  directed  downward  along  the  conical  section  of  the 
influent  section  by  the  wires.  The  influent  pressure  line  is 
connected  to  the  wash  ring.  It  contains  the  [nessure  gage, 
the  1/4-inch  draincock,  and  the  1/8-inch  draincock.  The 
effluent  pressure  line  is  connected  to  the  filtered  line.  It 
contains  the  pressure  gage,  the  1/4-inch  draincock,  and 
the  1/8-inch  draincock. 

The  precoat  funnel  is  used  when  precoating  the  fUter 
element  before  going  into  normal  operation.  The  flow 
controller  controls  the  flow  of  water  through  the  filter. 
Two  pressure  gages  indicate  the  amount  of  pressure  on  the 
influent  and  effluent  sides  of  the  filter. 

The  air  release  valve  releases  air  in  the  dome  of  the 
filter.  Whec  the  air  release  valve  is  opened,  the  air 
pressure  under  the  filter  dome  is  suddenly  released.  The 
air  in  the  filter  element  inverted  plastic  cups  expands  with 
the  effect  of  a  blast.  The  plastic  sleeves  around  the  filter 
elements  also  expand  following  the  air  blast  and  cause  the 
coating  of  filter  aid  and  accumulated  foreign  matter  to  fall 
off. 

Exercises  (E49): 

1.  With  what  does  the  filter  section  permits  precoating 
of  the  filter  elements? 


The  diatomite  filters  are  divided  into  what  three 
sections? 


3.  The  filter  elements  are  inside  what  section? 


I^gure  S-6.  Diatomite  filter. 
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4.  Water  in  the  innuent  section  cannot  reach  the  effluent 
section  except  through  what? 


14.  Two  pressure  gages  indicate  the  amount  of  pressure 

on  the   and    sides  of  the 

filter. 


5.  What  separates  the  wash  ring  from  the  influent 
section? 


6.  The  filtered  waterline  is  connected  to  the  effluent 
section  and  contains  the  lV2-inch  effluent 
 valve,  thf>  controller  valve, 


the  

the  1/2-inch 


.  valve  in  the  filter  discharge  line,  and 


valve. 


7.  Inside  the  effluent  section  is  another  conical  section 
which  is  separated  from  the  first;  this  conical  section 
and  the  cylindrical  section  above  it  comprise  what 
section? 


8.  The  influent  section  can  be  seen  by  looking  through 
the  filter  window  or  by  removing  what  device? 


9.  How  is  each  element  is  connected  to  the  effluent 
section? 


10.  The  filter  element  consists  of  a  perforated  metal  tube 
covered  by  a  membrane  sleeve  of  what  kind  of 
material? 


11 .  By  what  is  the  top  of  the  influent  section  inclosed? 


12.  Water  entering  the  wash  ring  through  the  upper  line 
from  the  influent  plug  valve  is  foccd  to  swirl  by  the 
baffle  and  is  directed  downward  along  the  conical 
section  of  the  influent  section  by  the  . 


13.  The  precoat  funnel  is  used  when  piecoating  the 

  element  before  going  into  normal 

operation. 


15.  The  plastic  sleeves  around  the  filter  elements  also 
expand  following  an  air  blast  and  cause  the  coating  of 

  and  accumulated  ,   to  fall 

off. 


E50.  List  the  chemicals  or  materials  used  in  the 
chemical  feeders;  state  their  ftinction  and  where  they 
are  applied. 

Chemical  Feeders.  The  chemical  slurry  feeder  is  an 
aluminum  tank  unit,  mounted  to  brackets  welded  to  the 
erdlator  tank,  (3,  fig.  5-7).  It  has  two  identical  chemical 
compartments  and  water  collection  troughs  and  two 
weirs;  one  of  which  contains  a  float-operated  needle 
valve.  One  compartment  supplies  pulverized  limestone 
slurry  (coagulant  aid)  and  activated  carbon  to  the  erdlator. 
The  other  compartment  supplies  diatoniite  slurry  to  the 
suction  inlet  of  the  filter  pump.  A  dial-indicated  timer  (4, 
fig.  5-7)  is  mounted  on  the  lower  part  of  the  feeder. 

The  chemical  solution  feeder,  which  is  a  different 
component  and  not  shown  in  figure  5-7,  is  mounted  to  the 
erdlator  mounting  base.  It  consists  of  two  diaphragm 
pumps.  The  pumps  operate  from  one  electric  motor  by 
means  of  a  gear  reduction  mechanism.  The  chemical 
solution  feeder  pumps  ferric  chloride  and  calcium 
hypochlorite  solution  from  two  rubber  pails  into  the 
mixing  zone  or  downcomer  of  the  erdlator. 

Exercises  (E50): 

1.  List  the  chemicals  or  materials  used  in  the  chemical 
feeders. 


State  the  function  of  the  chemicals  and  where  they  are 
applied. 


E51.  Identify  the  ftmetlons  of  given  minor  eomponents 
of  the  fleld  purification  unit. 

Minor  Componentf .  In  addition  to  the  erdlator» 
diatomite  filter,  and  chemical  feeders,  the  field  water 
purification  unit  consists  of  several  minor  components. 
Some  of  these  components  are  separate  and  some  are 
attached  to  the  other  mi^or  assemblies. 

Raw  water  and  filter  pumps.  The  filter  pump  and  the 
raw  water  pump  are  identical;  both  are  centrifugal  pumps. 
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1.  ERDLATOR  TANK  5.     EFFLUENT  LAUNDER 

2.  INFLUENT  LAUNDER  6.     WET  WELL  TANK 

3.  CHEMICAL  SLURRY  FEEDER  7.     SLUDGE  CONCENTRATION  TANK 

4.  DIAL  INDICATED  TIMER  8.     ELECTRICAL  CONTROL  BOX 

CNC-037 

Figure  5-7.  Chemical  feeders. 
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The  raw  water  pump  is  used  to  pump  the  raw  water  to  the 
erdlator.  It  is  mounted  in  a  tubular  frame  designed  to 
mount  on  the  enllator  base  when  the  pump  is  not  in  use. 
The  filter  pump  is  used  for  pumping  coagulated  water 
from  the  wet  well  tank  to  the  filter. 

Distribution  pump.  The  distribution  pump  is  a 
centrifugal  type.  It  is  driven  by  a  gasoline  engine  and  is 
mounted  in  a  tubular  frame.  It  is  used  to  distribute  the 
filtered  wat'jr  to  the  user. 

Electrical  control  box.  The  electrical  control  box  (8, 
fig.  5-7)  is  mounted  on  the  front  of  the  sludge 
concentrator  tank.  It  contains  the  circuit  breakers, 
transformer,  receptacle  connectors,  switch,  signal  lamp, 
alarm  buzzer,  and  the  necessary  controls  and  wiring  to 
operate  the  components  of  the  water  purification  unit. 

Water  storage  tanks.  Two  collapsible  synthetic 
rubber-coated  nylon  tanks  are  furnished  with  the  basic 
issue  items  for  storing  the  filtered  water.  Each  tank  has  a 
capacity  of  500  gallons. 

Generator.  A  gasDline-engine-driven,  120- volt  AC 
generator  is  furnished  with  the  basic  issue  items.  The 
generator  can  provide  all  the  electrical  power  required  for 
the  operation  of  the  water  purification  unit. 

Hoses  and  fittings.  Sufficient  hoses  and  fittings  are 
furnished  with  the  basic  issue  item  to  equip  the  water 
purification  unit  for  pumping  raw  water  from  the  source  to 
the  erdlator,  filtered  water  from  the  filter  to  the  storage 
tanks,  fmished  water  from  the  storage  tank  to  the  user, 
and  waste  water  from  the  erdlator  and  filter  to  waste. 

Piping  and  valves.  The  valves  and  pipes  of  the  unit  are 
color  code  J  as  follows: 

•  Black — raw  water 

•  Yellow — coagulated  water 

•  Red — ^waste  water 

e  Green — filtered  water 


source  may  or  may  not  be  your  responsibility.  This 
selection  may  be  made  by  the  advance  party  or  by  the 
medical  services.  If  you  arc  a  member  of  the  advance 
party  or  if  you  have  to  select  the  site  on  which  the  water 
purification  unit  is  to  operate,  be  sure  that  you: 

a.  Locate  the  water  purification  unit  as  close  to  a  raw 
water  source  as  is  practicable,  preferably  not  more  than  50 
feet  away. 

b.  Do  not  select  a  raw  water  source  that  is  adjacent  to  a 
sewer  outlet,  latrine,  bathing  area,  refuse  pile,  or  drainage 
area. 

c.  Select  relatively  level  terrain  with  firm  footing. 

d.  Allow  sufficient  space  for  locating  and  installing  the 
component  items.  There  must  be  adequate  roads  for 
vehicles  to  transport  purified  water. 

e.  Take  advantage  of  natural  camouflage  and  of 
existing  roadways,  powerlines  and  suitable  contingency 
operation  areas  for  personnel. 

/.  Position  the  distribution  pumps  at  the  selected 
location  accessible  for  distributing  purified  water  to  the 
transporting  vehicles.  Provide  a  suitable,  firm,  drained, 
level  foundation  to  insure  proper  operation  of  the  pump. 
Use  planking  or  timbers  to  prevent  settling  and  shifting 
when  in  operation. 

The  layout  of  one  water  purification  unit  is  similar  to 
other  units.  Notice  the  arrangenicnt  of  the  different 
components  in  figure  5-8.  This  unit  is  set  up  to 
accomplish  the  following  operations. 

a.  Raw  water  intake. 

b.  Clarification  and  purification. 

c.  Filtration. 

d.  Storage  of  filtered  water. 

e.  Distribution. 

/.  Discharge  of  waste  ./ater.  Notice  that  the  discharge 
hoses  are  located  downstream  from  the  raw  water  intake. 


Exercise  (E51): 

1 .  Match  each  minor  components  in  column  A,  to  its 
function  in  colunui  B. 


Column  A 

(1)  Raw  water  and  filter  pumps. 
.  (2)  Distribution  pump. 

(3)  Electrical  control  box. 
.  (4)  Water  storage  tanks. 
.  (5)  Generator. 
.  (6)  Hoses  and  fittings. 
.  (7)  Piping  and  valves. 


Column  B 

a.  Used  to  store  filtered 
water. 

b.  Used  to  connect  the 
various  major 
components  together 
temporarily. 

c.  Provides  all  electrical 
power  to  unit. 

e.  Pumps  coagulated 
water  to  filter  and  raw 
water  to  the  erdlator. 

f.  Distributes  filtered 
water. 

g.  Permanent  connec- 
tions in  units  and  are 
color  coded. 


Exercises  (E52): 

From  the  list  of  statements  below,  select  those  that 
indicate  correct  procedures  for  preparing  the  field 
purification  unit  for  operation.  Place  an  X  by  true 
statements  and  correct  any  statements  that  are  not  true  or 
that  are  only  partly  true. 

 1 .  Select  a  raw  water  source. 


2.  Locate  the  purification  unit  50  feet  or  farther 
away  from  source  of  raw  water. 


3 .  Select  relatively  level  terrain  with  firm  footing. 


E52.  Identify  preparations  for  operation  of  a  field 
purification  unit. 

Preparation  for  Operation.  Selecting  a  raw  water 
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9.  ERDLATOR  TANK 


6.D0WNC0MER 


4.  CHEMICAL 

SOLUTION  FEEDER 

3.  RUBBEk  PAILS 


II.  SECOND  FILTERED 
WATER  STORAGE  TANK 


CND-0I9B 


Figure  5-8.  Layout  of  water  purification  unit. 


4.  Allow  sufficient  space  for  locating  and  installing 
component  items. 


9.  Discharge  waste  water  upstream  from  raw  water 
intake. 


5.  Locate  in  an  area  where  roads  can  be  provided. 


6.  Locate  near  kitchens  and  latrines  for  convenient 
water  supplies  to  them. 


7.  Take  advantage  of  existing  powcrlincs,  roads, 
and  natural  camouflage. 


8.  Set  distribution  pump  on  ground. 


E53.  Identify  services  as  occurring  before  operation, 
during  operation,  or  after  operation. 

Operation,  Maintenance,  and  Servicing.  To  insure 
that  the  equipment  is  ready  for  operation  at  all  times,  it 
must  be  inspected  systematically  before,  during,  and  after 
operation.  The  equipment  is  inspected  so  that  defects  may 
be  discovered  and  corrected  before  they  result  in  serious 
damage  or  failure.  The  necessary  preventive  maintenance 
service?!  are  performed  before  operation.  Defects 
discovered  during  operation  of  the  unit  are  noted*  and 
they  are  corrected  as  soon  as  operation  has  ceased.  Stop 
operation  inunediately  if  you  note  a  deficiency  that  would 
damage  the  equipment  if  operation  were  continued «  The 
operator  performs  after-operation  services  after  every 
operating  period  or  at  intervals  based  on  the  normal 
operation  of  the  equipment.  If  you  operate  under 
abnormal  conditions,  reduce  the  interval.  Report  to 
organizational  maintenance  defects  or  unsatisfactory 
characteristics  beyond  the  scope  of  your  capabilities  at  the 


72 


790 


earliest  opportunity.  The  items  to  be  inspected  and 
serviced  and  the  service  and  inspection  intervals  are 
shown  in  table  S-1. 

Preventive  Maintenance.  The  systematic  care, 
service,  and  inspection  of  equipment  for  the  purpose  of 
maintaining  it  in  a  serviceable  condition  and  for  detecting 
and  correcting  pending  failures  is  preventive  maintenance 
and  is  the  responsibility  of  all  echelons. 

Maintenance.  Any  action  taken  to  keep  materiel  in  a 
serviceable  condition  or  to  restore  it  to  serviceability 
when  it  is  unserviceable  is  maintenance.  Maintenance  of 
equipment  includes  the  following: 

a.  Service.  To  clean,  to  preserve,  and  to  replenish  fiiel 
and  lubricants. 

b.  Adjust.  To  regulate  periodically  to  prevent 
malfunction. 

c.  Inspect.  To  verify  serviceability  and  to  detect 
pending  mechanical  failure  scrutiny. 

rf.  Test.  To  verify  serviceability  and  to  detect  pending 
mechanical  failure  by  use  of  special  equipment,  such  as 
gages,  meters,  etc. 

e.  Replace.  To  substitute  serviceable  assemblies, 
subassemblies,  and  parts  for  unserviceable  components. 

/.  Repair.  To  restore  an  item  to  serviceable  condition 
through  correction  of  a  specific  failure  or  unserviceable 
condition.  This  function  includes,  but  is  not  limited  to, 
inspecting,  cleaning,  preserving,  adjusting,  replacing, 
welding,  riveting,  and  straightening. 

Preoperation  services.  The  following  services  must  be 
performed  to  determine  whether  the  condition  of  the 
equipment  has  changed  since  it  was  last  operated  as  well 
as  to  make  sure  the  equipment  is  ready  for  operation.  Any 
deficiencies  must  be  corrected  or  reported  to  your 
supervisor  before  the  unit  is  put  into  operation. 

a.  Leaks,  general.  The  hoses,  hose  connections,  tanks, 
and  valves  are  visually  inspected  to  determine  if  they  are 
leaking. 

fe.  Visual  inspection  of  equipment.  The  hoses  and  filter 
unit  are  inspected  for  evidence  of  possible  damage.  The 
hoses  should  not  be  kinked.  The  raw  water  strainer  she  ild 
be  clean  and  covered  with  water,  and  the  tank  guy  ropes 
and  supports  should  be  secure. 

During'operation  services.  You  should  report  any 
unusual  sounds  or  odors,  deficiencies  in  performance,  or 
other  signs  of  abnormal  operation: 

a.  Instruments.  WhUe  the  unit  is  being  operated,  you 
should  watch  the  pressure  gage  on  the  filter  unit.  You  also 
should  test  the  water  for  chlorine  residual. 

b.  Unusual  operation  and  noises.  It  is  necessary  to 
watch  for  possible  overflow  of  the  slurry  feed  aparatus 
and  tanks.  If  you  notice  that  the  pump  motor  is 
overheating,  it  is  an  indication  that  the  filter  run  should  be 
stopped.  A  surge  of  water  into  the  storage  tank  and  a  rapid 
decrease  in  pressure  on  the  gage  indicates  that  the 
filter-aid  cake  has  dropped  off  the  elements. 

After-operation  services.  After  operating  the 
equipment,  and  during  halts,  if  only  for  short  periods,  you 
should  make  a  general  check  of  the  equipment  and  correct 
or  report  any  deficiencies  you  noted.  The  purpose  of  the 


after-operation  service  inspection  is  to  make  sure  that  the 
equipment  is  ready  to  operate  at  any  future  time.  For  the 
equipment  to  be  ready  for  immediate  operation,  you  must 
perform  the  following  services  at  the  end  of  any  operating 
period  of  whatever  duration: 

a.  Leaks,  general.  Inspect  the  hoses,  hose  connections, 
tanks,  valves,  and  filter  unit  foi  leaks. 

b.  Visual  inspection  of  equipment.  You  will  find  that  it 
is  necessary  to  backwash  the  filter  when  flow  through  the 
elements  is  stopped.  Again,  it  is  necessary  to  make  sure 
that  the  raw  water  strainer  is  clean  and  submerged.  In 
addition,  the  guy  ropes  and  supports  are  inspected,  the 
pump  and  engine  sets  are  checked,  and  hoses  are 
inspected  to  deteimine  that  there  are  no  kinks  in  them. 

c.  Cleaning  equipment.  The  settling  tanks  should  be 
filled  so  that  the  water  can  settle  overnight.  The  filter 
should  be  backwashed  and  the  water  drained  from  the 
filter  shell.  Mud  and  dirt  should  be  removed  from  all 
equipment. 


Exercises  (E53): 

In  the  spaces  provided  below,  place  a  B  for 
bef ore-operation,  a  D  for  during-operation,  and  an  A  for 
after-operation  services  required  on  field  purification 
units.  Some  of  the  operations  may  require  more  than  one 
entry. 

 1.  Publications.    See  that  a  copy  of  TO 

40W4-9-1 ,  and  the  operator's  manuals  for  the 
generator  set  and  distribution  pump  a-e  on  or 
with  the  equipment  and  in  serviceable 
condition. 

  2.  Visual  inspection.  Inspect  for  water,  oil,  and 

fiiel  leaks;  loose  or  missing  bolts,  screws  and 
nuts;  loose  wiring  connections;  and  broken 
wires.  Inspect  for  any  damage  that  may  have 
occurred  since  the  equipment  was  last 
operated. 

  3.  Tires.  If  the  trailer  is  to  be  operated,  check  the 

air  pressure  in  the  tires.  Correct  tire  pressure  is 
45  psi. 

  4.  Supplies.  Sec  that  the  required  maintenance 

and  operating  supplies  are  available. 

  5.  Fuel.  Check  the  fiiel  supply  in  generator  and 

distribution  pump  engines.  Add  fuel  if 
necessary. 

  6.  Oil.  Check  the  oil  level  in  engine  crankcases. 

Add  oil  if  necessary. 
  7.  Brake  hoses,  light  cable.  If  the  trailer  is  to  be 

operated  see  that  the  brake  hoses  and 

intervehicular  electric  cables  are  securely 

coimected. 

  8.  Lubrication.    Lubricate  according  to  the 

instructions  in  TO  40W4-9-1 . 
  9.  Lights  an(^  rcHwCtors.  If  trailer  is  to  be  moved, 

check  thw  lights  after  copnecting  to  the  towing 

vehicle.  Sec  that  the  lamps  and  reflectors  are 

clean  and  serviceable. 
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TABLE  5-1 

i)ERVICE  AND  INSPECTION  REQUIREMENTS 


Intcrva's 


PROCEDURES 


X   

X   

X   

X   

X   

X   

X 

X 
X 

X 

X        ....  X 
X 

X 
X 


Publications.  Sec  that  a  copy  of  TO  40W4-9~1,  and  the  operator's  manuals  for  the  generator 
set  and  distribution  pumi^  arc  on  or  with  the  equipment  and  in  serviceable  condition. 

Visual  inspection.  Inspect  for  water,  oil,  and  fuel  leaks;  loose  or  missing  bolts»  screws  and 
nuts,  loose  wiring  connections,  and  broken  wires.  Inspect  for  any  damage  that  may  have 
occurred  since  the  equipment  was  last  operated. 

Tires.  If  the  trailer  is  to  be  operated,  check  the  air  pressure  in  the  tires.  Correct  tire  pressure 
is  45  psi. 

Supplies.  Sec  that  the  required  maintenance  and  operating  supplies  are  available. 

Fuel.  Check  the  fuel  supply  in  generator  and  distribution  pump  engines.  Add  fuel  if  necessary. 

Oil.  Check  the  oil  level  in  engine  crankcases.  Add  oil  if  necessary. 

Brake  hoses,  light  cable.  If  the  trailer  is  to  be  operated  see  that  brake  hoses  and  intervehicular 
electric  cables  are  securely  connected. 

Lubrication.  Lubricate  in  accordance  with  the  instructions  in  TO  40W4-9-1. 

Lights  and  reflectors.  If  trailer  is  to  be  moved,  check  the  lights  after  connecting  to  the  towing 
vehicle   See  that  the  lamps  and  reflectors  are  clean  and  serviceable. 

Generator.  See  that  the  electric  generator  and  distribution  pump  (if  pump  is  to  be  used)  are 
serviced  and  ready  for  operation.  Refer  to  operator's  manual.  Start  the  generator  and  check 
to  see  if  the  water  purification  unit  is  receiving  electric  power. 

Drain  lines.  See  that  all  drain  lines  are  securely  connected  and  not  damaged.  Make  sure  the 
waste  water  is  disposed  of  so  it  will  not  interfere  with  the  operation  of  the  unit. 

Fire  extinguisher.  Check  the  fire  extinguisher  for  insufficient  charge  by  shaking  it  and  judging 
by  ^und  and  weight  if  it  is  full.  Do  not  discharge  any  of  the  contents.  Check  for  corrosion 
an;  insecure  mounting. 

Unusual  noises  or  operations.  Inspect  the  electric  motors  for  overheating;  usually  indicated  by 
smoke  or  odor.  Inspect  the  speed  reducer  drive  belt  for  slipping.  Check  for  any  unusual  noise 
that  may  indicate  a  clogged  strainer,  strainer  sucking  air,  or  debris  tn  the  pump.  A  surge  of 
filtered  water  into  the  storage  tank  indicates  that  the  filteraid  cake  has  dropped  off  the 
elements.  Watch  for  overflow  of  storage  tanks. 

Brakes.  Any  time  the  brakes  are  used,  consider  it  a  test  and  note  unsatisfactory  performance, 
such  as  not  holding  or  grabbing. 

Leaks,  water  purification  unit.  Inspect  hoses,  connections,  fabric  tanks,  pumps,  piping,  and 
pipe  fittings  for  leaks. 

Tools  and  equipment.  See  that  all  tools  and  equipment  assigned  to  the  water  purification  unit 
are  in  serviceable  condition,  clean,  and  properly  stowed  or  mounted. 

Trailer  body.  Inspect  the  trailer  body,  racks,  gates,  and  paulin  for  damage  or  missing  hard- 
ware. See  that  the  paulin  is  tied  down  securely. 

Clean  equipment.  Remove  any  oil,  mud,  grease,  c!  -mical,  or  other  foreign  matter  from  the 
external  parts  of  the  water  purification  unit  with  clean  cloths.  Use  coagulated  water  for  wash- 
ing the  trailer. 

Filters  and  tanks.  Backwash  the  filters  when  flow  through  the  elements  has  stopped.  See  that 
tank  guy  ropes  and  supports  are  secure  and  that  tanks  are  covered. 

Water  treatment  equipment.  Drain  and  clean  the  erdlator,  slurry  feeder,  chemical  solution 
feeder,  filter,  and  all  pumps  and  hoses. 
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 10.  Generator.  See  that  the  electric  generator  and 

distribution  pump  (if  pump  is  to  be  used)  are 
serviced  and  ready  for  operation.  Refer  to 
operator's  manuaL  Start  the  generator  and 
check  to  see  if  the  water  purification  unit  is 
receiving  electric  power. 

 1 1 .  Ehain  lines.  See  that  all  drain  lines  arc  securely 

connected  and  not  damaged.  Make  sure  the 
waste  water  is  disposed  of  so  it  will  not 
interfere  with  the  operation  of  the  unit. 

 12.  Fire  extinguisher.  Check  the  fire  extinguisher 

for  insufficient  charge  by  shaking  it  and 
judging  by  sound  and  weight  if  it  is  full.  £>o  not 
discharge  any  of  the  contents.  Check  for 
corrosion  and  insecure  mounting. 

  13.  Unusual  noises  or  operations.  Inspect  the 

electric  motors  for  overheating,  usually 
indicated  by  smoke  or  odor.  Inspect  the  speed 
reducer  drive  belt  for  slipping.  Check  for  any 
unusual  noise  that  may  indicate  a  clogged 
strainer,  strainer  sucking  air,  or  debris  in  the 
pump.  A  surge  of  filtered  water  into  the  storage 
tank  indicates  that  the  filter-aid  cake  has 
dropped  off  the  elements.  Watch  for  overflow 
of  storage  tanks. 

 14.  Brakes.  Any  time  the  brakes  are  used,  consider 

it  a  test  and  note  unsatisfactory  performance, 
such  as  not  holding  or  grabbing. 

 15.  ?>eaks,  water  purification  unit.  Inspect  hoses, 

connections,  fabric  tanks,  pumps,  piping »  and 
pipe  fittings  for  leaks. 

 16.  Tools  and  equipment.  See  that  all  tools  i\nd 

equipment  assigned  to  the  water  purificaiton 
unit  are  in  serviceable  condition,  clean »  and 
properly  stowed  or  mounted. 

 17.  Trailer  body.  Inspect  the  trailer  body,  racks, 

gates,  and  paulin  for  damage  or  missing 
hardware.  See  that  the  paulin  is  tied  down 
securely. 

 18.  Clean  equipment.  Remove  any  oil,  mud, 

grease,  chemical,  or  other  foreign  matter  from 
the  external  parts  of  the  water  purification  unit 
with  clean  cloths.  Use  coagulated  water  for 
washing  the  trailer. 

 19.  Filters  and  tanks.  Backwash  the  filters  when 

flow  through  the  elements  has  stopped.  See 
that  tank  guy  ropes  and  supports  are  secure  and 
that  tanks  are  covered. 

 20.  Water  treatment  equipment.  Drain  and  clean 

the  erdlator,  slurry  feeder,  chemical  solution 
feeder,  filter,  and  all  pumps  and  hoses. 

E54.  Iden^  the  components  of  a  water  purification 
unit  and  specify  the  oper&.aon  or  ftinction  of  each  unit. 

Operating  the  Equipment.  It  is  essential  that  you 
know  how  to  operate  properly  the  equipment  so  that  you 
can  produce  germ-free  water  that  is  pleasing  to  the  taste. 
You  will  become  proficient  in  operating  the  equipment  as 


you  work  with  specialists  and  technicians  and  accomplish 
all  equipment  operations  required  to  purify  water.  We 
discuss,  in  general,  the  water  treatment  process.  Look  at 
figure  5-8  again  so  that  you  will  be  familiar  with  the 
arrangement  of  the  equipment. 

Chemical  requirements.  The  following  chemical?s  are 
required  in  the  treatment  and  filtration  processes. 

•  Ferric  chloride  as  a  coagulant. 

•  Calcium  hypochlorite  as  a  disinfectant. 

•  Pulverized  limestone  as  a  coagulant  aid. 

•  Diatomaceous  earth  as  a  filter  aid. 

•  Activated  carbon  as  an  absorber  to  control 
objectionable  tastes  and  ordors. 

The  chemicals  are  mixed  proportionally  with  water  in 
according  to  an  established  base  charge.  The  base  charge 
is  the  concentration  of  mixture  of  solution  expressed  as 
the  amount  of  chemical  in  a  measured  quantity  of  water 
prepared  for  the  chemical  feeder. 

Water  treatment  process.  The  water  treatment  process 
reduces  the  organic  and  suspended  matter  of  raw  water  to 
a  minimum  and  produces  coagulated  water  suitable  for 
application  to  the  diatomite  filter.  Raw  water  is  p  .mped 
from  its  source  by  the  raw  wster  pump  (2)  Through  the 
aspirator  nozzles  to  the  infiuent  launder  from  where  it 
overflows  into  the  downcomer  or  mixing  zone  (6)  inside 
the  erxilator  tank  (5).  The  aspirator  nozzles  aerate  the 
water;  process  that  improves  the  sludge  formation.  The 
flow  of  water  to  the  influent  launder  is  regulated  by  a 
control  valve  preset  for  a  flow  rate  of  10  gallons  per 
minute. 

A  coagulant  (ferric  chloride),  a  coagulant  aid 
(pulverized  limestone),  a  disinfecting  agent  for 
prechlorination  (calcium  hypochlorite  solution),  and, 
when  necessary,  an  absorber  for  objectionable  taste  or 
odors  (activated  carbon)  arc  added  to  the  mixing  zone.  As 
the  liquid  descends  through  the  mixing  zone,  it  is  mixed 
by  the  agitator.  The  flow  is  deflected  by  a  series  of 
shallow  baffles  in  the  bouom  of  the  erdlator  tank  and 
directed  in  a  counterrotating  directioii  into  the  outer 
compartment  of  the  clarification  zone.  The  resulting 
rotation  is  reduced  but  it  continues  at  a  velocity  sufficient 
to  keep  the  slurry  volume,  together  with  the  clear  water 
above  the  slurr>*  pool,  rotating. 

The  slurry  is  hydraulically  separated  from  th.e  clean 
water  in  the  upper  cylindrical  section  of  the  erdlator  tank 
in  what  is  termed  *'the  separator  zone."  The  slurry  level 
is  controlled  by  a  continuous  withdrawal  of  a  small 
amount  of  slurry  from  the  top  of  the  slurry  pool,  through 
the  slurry  weir  box  to  the  sludge  concentration  tank  (7). 

Clear  water  is  collected  at  the  water  surface  in  the 
effluent  launder,  which  acts  as  a  double-edged  weir.  The 
effluent  launder  is  adjusted  manually  by  the  leveling  rods 
to  permit  leveling  and  skinmiing  of  the  water  surface.  The 
clear  water  is  discharged  across  the  slurry  pool  to  the  wet 
well  tank  (8)  through  the  effluent  launder  tube.  The  wet 
well  tank  provides  limited  storage  of  coagulated  water 
and  serves  as  a  sump  for  the  filter  pump. 

An  overflow  pipe  in  the  wet  well  tank  permits  operation 
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of  the  erdlator  at  rated  capacity  when  the  filter  is  stopped. 
A  swiu-h,  operated  by  a  float  in  the  wet  well,  activates  an 
alarm  bell  and  a  red  signal  light  when  the  float  valve  is 
open.  The  float  valve  is  activated  through  a  lever 
connected  to  the  float  located  in  the  wet  well  tank.  This 
float  valve  allows  additional  raw  water  to  enter  the  system 
whenever  the  amount  of  water  in  the  wet  well  falls  below 
a  preset  level.  A  drain  in  the  bottom  of  the  wet  well  tank 
permits  complete  drainage  of  the  tank  to  waste  when 
water  unsuited  for  filtering  is  obtained  from  the  erdlator 
tank. 

The  flocculent  slurry  flows  by  gravity  from  the  erdlator 
tank  to  the  sludge  concentrator  tank  (7).  The  sludge 
concentrator  tank  functions  as  a  small  auxiliary  clarifier. 
It  provides  a  longer  holding  period  for  slurry 
concentration  and  reduces  the  water-rise  rate  for 
separation  of  clear  water  irotn  the  slurry.  The  sludge 
concentrator  tank  permits  settling  of  slurry  in  the  bottom 
of  the  tank  for  continuous  or  intermittent  drainage  to 
,vaste.  It  also  permits  the  skimming  of  clear  coagulated 
water  from  the  top  of  the  tank  for  return  to  the  wet  well 
from  which  it  is  pumped  to  the  filter.  The  drainage  of 
slurry  to  waste  and  the  return  flow  to  the  wet  well  is 
manually  controlled,  depending  on  the  amount  of  slurry 
produced  in  the  erdlator  tank. 

The  chemical  solution  feeder  (4)  pumps  ferric  chloride 
and  calcium  hypochlorite  solutions  into  the  downcomer  or 
mixing  zone  (6).  Remember  that  ferric  chloride  is  used  as 
a  coagulant  and  calcium  hypochlorite  is  used  as  a 
disinfectant.  The  pump's  discharge  rate  is  adjustable, 
butthe  pump  delivers  a  fixed,  constant  rate  of  feed  with 
each  pump  stroke  at  any  one  setting. 

The  chemical  slurry  feeder  limestone  compartment 
supplies  pulverized  limes£:v')ne  (coagulant  aid)  to  the 
mixing  zone  of  the  erdlutor  tank.  Raw  water  is 
continuously  added  to  a  collector  trough  on  the  br^ck  of  the 
compartment.  A  portion  of  thus  water  flows  tiirough  a 
constant  head-fixed  orifice  into  the  limestone  slurry 
compartment,  and  the  remainder  overflows  to  a  weir  for 
dilution  of  the  slurry  discharge  fix>m  the  feeder.  This 
diluted  slurry  flows  by  gravi: ;  into  the  downcomer.  The 
limestone  slurry  is  kept  in  suspct.nsion  by  introducing  air  at 
the  bottom  of  the  tank.  Ine  feeder  operates  on  a  dilution 
principle  whereby  65  percent  of  the  initial  charge  of  slurrj' 
is  fed  during  a  l-hour  i>eriod;  therefore,  the  feeder 
requires  recharging  with  dry  chemical  every  hour.  The 
limestone  compartment  remains  fiill  of  liquid  slurry  but 
becomes  more  diluted  during  the  hour  until  recharged 
with  the  dry  chemical. 

Filtering  process.  The  filtering  process  further  reduces 
suspended  matter  by  use  of  diatomaceous  earth  filter  aid. 
The  filtering  process  consists  of  precoating,  filtering,  and 
backwashing.  Before  the  water  can  be  filtered,  it  is 
necessary  to  precoat  the  filter  elements  with  diatomaceous 
earth.  To  precoat  the  filter,  you  add  diatomaceous  earth 
slurry  to  the  coagulated  waterline  through  the  precoat 
funnel  (1,  fig.  5-9)  and  valve  CV  2. 

The  coagulated  water  is  pumped  from  the  wet  well  tank 
through  the  filter  influent  control  valve  (which  is  in  the 
FILTER  position)  into  the  influent  of  the  filter.  The 


influent  control  valve  is  not  shown.  The  water  rises  in  the 
filter  until  it  starts  escaping  thrc  ugh  the  control  valve  (3, 
fig.  5-9),  which  must  now  be  closed.  Air  is  trapped  and 
compressed  in  each  of  the  plastic  cups  of  the  filter 
elements  and  in  the  dome  of  the  filter  housing  cover.  The 
air  is  prevented  from  escaping  through  the  air  release  (7) 
valve,  on  top  of  the  rover,  because  it  is  closed  in  the 
FILTER  position.  As  the  water  is  filtered  through  the 
element  membranes,  the  diatomaceous  earth  and 
suspended  matter  are  deposited  on  the  elements.  After  the 
water  is  filtered,  it  enters  the  effluent  section  of  the  filter 
through  the  two  pipes  from  each  element.  The  water  then 
goes  tiirough  the  filter  effluent  control  valve  (5,  fig.  5-9), 
which  is  in  RECIRCULATE  position,  and  back  to  the  wet 
well  tank.  The  water  is  recirculated  through  the  filter  until 
it  appears  clear  when  vie^^  ed  through  the  filter  window 
(4). 

Filtering  removes  the  remaining  suspended  matter  and 
organisms  from  the  coagulated  water.  The  flow  of  water 
from  the  wet  well  and  through  the  filter  is  the  same  as 
during  precoating,  until  it  reaci:cs  the  filter  effluent 
control  valve.  During  filtering,  the  filter  effluent  control 
valve  is  in  FILTER  position  to  allow  the  water  to  flow 
through  the  filtered  water  hose  to  the  storage  tanks. 
Diatomite  slurry  is  discharged  from  the  diatomite  slurry 
compartment  of  the  chemical  slurry  feeder  to  the 
coagulated  wateriine  at  the  suction  side  of  the  filter  pump. 
The  flow  of  coagulated  w  ater  carries  the  diatomite  slurry 
to  the  filter,  where  it  is  deposited  on  the  filter  elements. 
The  continuous  feed  of  diatomite  slurry  maintains  the 
porosity  of  the  filter  cake  and  permits  longer  filter  runs. 
As  coagulated  water  is  pumped  through  the  filter  cake,  the 
suspended  matter  will  gradually  plugs  the  f  ilter  cake  and 
increases  the  pressure  differential  across  the  filter 
elements.  When  the  effluent  pressure  gage  (6,  fig.  5-9) 
indicates  a  pressure  of  5  psi,  the  filter  is  ready  to  be 
backwashed.  The  filter  cycle  is  the  length  of  time  the  filter 
is  in  operation,  from  the  time  the  precoat  has  been  added, 
until  the  filter  elements  must  be  backwashed. 

The  filter  elements  are  backwashed  to  remove 
accumulated  suspended  matter  and  the  filter-aid  cake 
whenever  the  filter  run  is  stopped.  The  elements  must  also 
be  backwashed  (and  the  filter  shell  drained)  at  the  end  of 
each  day's  operation  so  that  any  contamination  and 
organisms  are  removed  quickly  and  not  allowed  to 
multiply.  When  the  air  release  valve  is  placed  in  the 
BACKWASH  position,  it  allows  some  of  the  air 
compressed  in  the  dome  of  the  filter  housing  cover  to 
bypass  the  main  air  valve.  This  action  opens  a  valve 
releasing  the  air  in  tlie  dome  to  the  atmosphere.  The 
sudden  release  of  air  allows  the  air  compressed  in  the  cups 
in  each  element  to  exp;md  and  force  water  back  thorugh 
the  element  filter  cake.  The  rapid  reversal  of  the  water 
usually  dislodges  all  ihe  suspended  matter  from  the 
elements.  If  it  does  not.  the  elements  must  be  removed 
and  cleaned.  Most  of  the  removed  suspended  matter  and 
the  water  in  the  influeit  section  will  drain  to  waste 
through  the  filter  drain  viilve  (8).  However,  some  of  the 
suspended  matter  will  setde  on  the  conical  bottom  of  the 
influent  pipe  and  must  be' washed  away.  When  the  filter 
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1.  PP.ECOAT  FUNNEL 

2.  CONTROL  VALVE 

3.  CONTROL  VALVE 

4.  FILTER  WINDOW 

5.  FILTER  EFFLUENT  CONTROL  VALVE 

Figure  5-9.  Filter 


6.  EFFLUENT  PRESSURE  GAGE 

7.  AIR  RELEASE  VALVE 

8.  FILTER  DRAIN  VALVE 

9.  INFLUENT  PRESSURE  GAGE 
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influent  control  valve  is  in  WASH  position,  it  allows  the 
water  to  enter  the  wash  ring  and  wash  the  sedinnent  from 
the  bottom  of  the  filter.  After  washing,  the  filter  is  ready 
for  precoating. 

Exercises  (E54): 

1.  On  the  diagram  below  (fig.  5-10),  label  each 
numbered  unit. 
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Figure  5-10.  Objective  E59.  cxericsc  1. 
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2.  Write  a  brief  statement  to  describe  the  operation  or 
function  of  each  unit  labeled  on  the  diagram  above. 


ESS.  Identify  safety  precautions  that  specifically  apply 
to  the  operation  of  the  field  purification  unit. 


Safety  Precautions.  Under  average  conditions,  there 
are  not  many  hazards  to  cope  with  while  operating  diis 
unit.  However,  you  will  be  called  on  to  operate  this  unit  in 
emergencies  and  during  unusual  operating  conditions. 
Therefore,  you  are  cautioned  to  be  guiiled  by  the 
fundamental  rules  of  safety.  A  good  operator  is  the  best 
assurance  against  accidents.  The  following  safety 
precautions  are  general  in  nature  for  most  types  of 
operation. 

a.  Use  care  in  selecting  a  raw  water  source.  Avoid 
water  adjacent  to  a  latrine,  sewer  outlet,  bathing  area,  oily 
area,  refuse  pile,  or  camp  drainage  area. 

b.  Keep  chemicals  away  from  the  eyes.  Be  careful 
when  opening  the  chemical  containers.  Keep  your  head 
turned  so  that  chemical  dust  will  not  fly  up  into  your  eyes. 
Wash  your  hands  thoroughly  with  soap  and  water  after 
handling  chemicals. 

c.  Never  mix  the  two  chemicals  (calcium  hypochlorite 
and  ferric  chloride),  because  the  mixture  give^  off  a 
greenish-yellow  chlorine  gas  which  is  irritating, 
disagreeable,  and  has  a  suffocating  odor. 

d.  Keep  raw  water  away  from  hands  and  clothing  as 
much  as  possible.  The  raw  water  may  contain  pathogenic 
organisms  that  will  enter  the  body  through  the  pores,  or 
through  skin  abrasions,  causing  bacteriological  infection. 
Infection  may  also  result  unless  the  same  precautions  are 
taken  when  working  with  the  erdlator  or  sludge 
concentrator. 

e.  Do  not  place  your  hands  in  the  erdlator  tank  or  in  the 
sludge  concentrator  lank  during  operation. 

/.  Keep  storage  tanks  covered  to  prevent  entry  of 
debris,  rain,  or  foreign  matter  that  may  contaminate  the 
water. 
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g.  Never  add  unfiltered  water  to  the  filtered  water 
storagr^  tank.  Before  any  water  is  distributed  to  personnel, 
it  must  be  chlorinated. 

/i.  Do  not  use  raw  water,  gasoline,  or  oil  to  wash  the 
water  purification  equipment.  When  backwashing, 
always  use  filtered  water;  clean  up  all  spilled  water  and 
chemicals  immediately. 

J.  Before  connecting  to  the  external  power  source,  be 
certain  that  all  power  controlling  switches  have  been  set  in 
the  OFF  position.  Never  handle  "live"  electric  wiring. 
High  voltage  may  cause  serious  injury  or  death. 

j.  Never  work  on  electrical  equipment  unless  the  power 
controlling  switches  are  in  the  OFF  position  and  the 
power  cables  disconnected. 

k.  Never  operate  ungrounded  equipment. 

Exercise  (ESS): 

1 .  From  the  list  of  safety  precautions  below  select  those 
that  apply  specifically  to  the  operation  of  the  field 
purification  unit.  Tlace  a  checkmark  by  applicable 
statements. 

  (1)  Use  cai^  in  selecting  raw  water  source. 

 (2)  Watch  your  step  or  ladders. 

  (3)  Keep  chemicals  away  from  eyes. 

  (4)  Never  mix  calcium  hypochlorite  and  ferric 

chloride. 

  (5)  Never  pour  water  into  acid. 

  (6)  Keep  raw  water  away  from  hands  and  clothing 

as  much  as  possible. 
  (7)  Keep  trailer  tires  inflated  to  the  proper 

pressure. 

  (8)  Do  not  place  your  hands  in  erdlator  tank  or 

sludge  concentrator  tank  while  operating. 

  (9)  Keep  vehicle  lights  in  good  woricing  order. 

 (10)  Keep  storage  tanks  covered. 

 (11)  Never  add  unfiltered  water  to  filtered  water. 

 (12)  Do  not  wash  equipment  with  gasoline  or 

unfiltered  water. 

 (13)  Make  sure  all  power  switches  arc  off  before 

connecting  power  to  unit. 

 (14)  Never  handle  live  electric  wiriiig. 

 (15)  Never  operate  ungrounded  equipment. 
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CHAPTER  6 


Vehicle  Operation 


AN  IMPORTANT  part  of  your  contingency  duties  is  the 
operation  of  a  number  of  vehicles  in  the  Air  Force 
inventory.  Some  of  these  vehicles  are  utility  tnacks,  cargo 
trucks  of  1  to  2y^  ton  capacity,  dump  trucks, 
ttactor/ trailers,  forklifts,  water  distributors,  front-end 
loaders,  and  farm  tractors. 

This  chapter  will  acquaint  you  with  these  vehicles  and 
their  operation.  You  will  receive  hands-on  training  in  any 
vehicle  you  will  be  required  to  operate  at  your  normal 
duty  assignment. 

6-1.  Utility  and  Dump  Trucks 

Utility  trucks  are  pickups,  stake  and  platform,  and 
other  general-purpose  trucks.  In  the  CONUS,  most  of 
these  trucks  are  commercial  trucks  because  they  are  less 
expensive  than  military  design  vehicles  (M-series).  In 
some  places  overseas,  they,  or  at  least  part  of  them,  arc 
military  design  vehicles.  Because  of  their  construction 
they  are  more  expensive.  They  have  all- wheel  drive  for 
off-road  operation  and  are  built  to  withstand  more  rugged 
treatment.  Dimip  trucks  are  used  primarily  to  haul  loose 
material,  such  as  dirt,  sand,  gravel,  crushed  rock,  etc. 
They  are  used  to  transport  such  material  to  the 
construction  site,  especially  when  the  haul  distance  is 
great.  They  are  always  used  to  haul  asphalt.  The  Air  Force 
has  both  M-series  and  conunerical  dump  trucks,  but  most 
of  them  arc  commerical  dump  trucks. 

E56.  Complete  given  statements  pertaining  to  the  use 
of  utility  and  dump  trucks. 

Pickups.  Pickups  are  one  of  the  most  widely  used 
vehicles  within  CE  for  hauling  small  amounts  of  light 
materials.  They  are  also  widely  used  to  transport 
personnel  to  and  from  jobs  and  as  transportation  for 
supervisors  to  keep  check  on  work  progress. 

You  can  haul  most  anything  that  is  small  and  weighs 
lefts  than  1500  pounds  in  a  pickup.  However,  be  cai^fiil 
•bout  hauling  such  materials  as  long  pipe  and  long  lumber 
in  a  pickup*  Each  state  has  specific  laws  concerning  how 
far  the  load  can  project  beyond  the  truck  bed.  Therefore, 
when  you  are  using  state  highwaysi  your  load  should 
conform  to  these  laws*  You  should  haul  such  materials  as 
12-foot  lumber  and  long  lengths  of  pipe  on  a  truck  with  a 
long  bed.  Also,  you  should  haul  such  materials  as  dirt, 
sand,  gravel,  and  cement  in  a  truck  larger  than  a  pickup 
unless  you  keep  the  amounts  small.  The  weight  carrying 
capacity  of  a  pickup  is  1000  to  1500  pounds  on  good  roads 
and  500  to  700  pounds  on  bad  roads  or  off  the  road.  For 


the  specific  weight  carrying  capacity  of  a  pickup,  check 
the  data  plate  riveted  to  the  dash. 

Let's  say  that  you  have  20  bags  of  cement  (94-pound 
bags)  CO  haul  3  miles  on  good  roads  from  a  storage  point  to 
where  they  are  to  be  used.  What  should  you  do?  Get  a 
larger  truck  if  one  is  readily  available.  If  not,  haul 
one-half  of  the  cement  in  each  of  two  loads. 

One-Ton  to  2V2-Ton  Trucks.  You  should  use  these 
trucks  to  haul  medium  loads.  Such  materials  as  large 
timers,  kegs  of  nails,  cement,  reinforcing  rods, 
prefabricated  concrete,  and  concrete  forms  are  examples 
of  materials  hauled  on  these  trucks.  What  you  haul, 
however,  is  not  nearly  so  important  as  how  you  haul  it. 
Suppose,  for  example,  you  are  to  haul  some  cement  that  is 
stacked  on  pallets.  Each  pallet  has  20  bags  of  cement  on 
it.  To  haul  one  pallet  (1880  pounds)  on  a  1-ton  stake  and 
platform  truck,  you  should  remove  the  sideboards  and  use 
a  forklift  to  set  the  pallet  directly  over  the  rear  wheels.  To 
haul  two  pallets  on  a  H/2-ton  stake  and  platform,  you 
should  set  one  pallet  fore  and  one  aft  of  the  rear  wheels.  In 
other  words,  always  distribute  the  load  properly  over  the 
truck  bed — neither  too  far  forward  nor  too  far  rearward.  If 
you  put  the  load  too  near  the  front,  the  load  will  put  a 
strain  on  the  front  wheels  and  cause  the  truck  to  be  hard  to 
steer.  If  you  put  the  load  too  near  the  rear,  the  load  will 
raise  the  front  wheels  slightly  and  you  will  lose  some 
steering  control.  Again,  it  is  important  to  consult  the  data 
plate.  It  shows  the  empty  vehicle  weight,  the  gross 
vehicle  weight,  and  the  net  or  maximum  payload.  The 
plate  may  also  show  the  off-the-road  payload  and  the 
on-the-road  payload.  In  addition  to  distributing  and  sizing 
a  payload  by  weight,  you  should  size  it  by  dimensions  and 
tie  it  when  necessary.  Let's  consider  hauling  some 
prefabricated  concrete  forms  for  example.  If  you  were  to 
haul  8-foot  by  12-foot  forms  on  an  M-series  cargo  truck, 
you  should  lay  them  fiat  inside  the  cargo  bed.  The  bed 
should  allow  the  forms  to  lay  fiat.  The  bed  has  sidewalls 
about  18  inches  high.  If  you  haul  enough  forms  to  rise 
above  the  sidewalls,  install  the  removable  sideboards 
after  you  load  the  forms,  or  securely  tic  the  forms.  In 
some  cases,  you  can  use  stakes  in  the  holes  where  the 
sideboards  fit  instead  of  the  sideboards  diemselves. 
Stakes  are  especially  useful  when  you  have  to  make 
several  loads.  If  you  choose  to  tic  the  forms,  run  the  ropes 
completely  around  the  bed  and  forms  in  two  or  three 
places.  Pull  the  ropes  tight  and  tie  them  securely. 

Let's  say  that  you  are  going  to  haul  some  lO'foot  by 
10-foot  forms  on  a  stake  and  platform  truck  that  has  an 
8-foot  by  12-foot  bed.  You  should  remove  the  sideboards 
and  load  the  forms.  Tic  the  forms  with  rope.  Be  very 
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careful  while  driving  from  the  loading  to  the  unloading 
point.  If  you  have  to  drive  through  an  area  of  heavy 
traffic,  get  a  Security  Police  escort.  Why  all  this  caution? 
Because  your  load  is  wider  than  your  truck  bed. 

Dump  Trucks.  The  difference  between  a  truck  that 
will  dump  and  one  that  will  not  dump  is  the  way  it  is 
equipped.  This  equipment  includes  a  dump  box,  or  body; 
a  power  take  off  (PTO);  and  a  hydraulic  pump  and 
cylinder.  The  cylinder  is  similar  to  a  large  hydraulic  jack 
supported  on  frame  members  under  the  dump  box. 

There  are  two  levers  in  the  floor  of  the  truck  cab,  just  to 
the  right  of  the  gear  selector  lever,  for  controlling  the 
raising  and  lowering  of  the  dump  box.  Let's  call  these 
Icvcr  A  and  lever  B .  Lever  A  is  the  PTO  lever,  and  B  is  the 
hydraulic  control  lever.  A  is  the  one  nearer  the 
transmission  gear  selector  lever.  It  has  two  positions, 
neutral  and  engaged.  Forward  is  neutral,  and  back  toward 
the  seat  is  engaged.  Lever  B  has  three  positions:  forward 
to  raise  the  dump  box,  center  to  hold  the  dump  box,  and 
back  toward  the  seat  to  lower  the  dump  box. 

You  have  to  push  the  clutch  pedal  down  to  engage  the 
PTO  with  lever  A.  However,  lever  B  positions  can  be 


changed  without  pushing  the  clutch  in.  A  word  of  caution 
here:  pull  lever  B  back  slowly.  If  you  pull  it  back  too  fast, 
with  a  load,  or  part  of  a  load,  the  dump  box  will  come 
down  too  fast.  If  you  keep  doing  this,  you  will  eventually 
damage  the  truck. 

Let's  look  at  figure  6-1.  As  far  as  we  are  concerned, 
this  rear  view  of  the  truck  is  the '  'business  end' '  where  we 
carry  our  payload.  This  is  the  part  that  dumps  the  load. 
Wouldn't  you  hate  to  unload  it  with  a  hand  shovel?  Figure 
6-1  shows  the  chains  on  the  tailgate  and  the  way  they  are 
adjusted  to  spread  gravel.  Adjusting  the  tailgate  opening 
allows  gravel  to  be  spread  in  layers  instead  of  being 
dumped  in  piles.  The  small  hook  on  the  rear  comer  of  the 
dump  bed  is  the  tailgate  latch.  There  is  another  one  on  the 
other  rear  comer.  These  latches  hold  the  tailgate  closed 
when  the  lever  on  the  left-front  comer  of  the  bed  is  pushed 
up.  Always  push  this  lever  up  and  latch  the  tail  gate  before 
you  leave  the  dump  area.  If  you  don't,  you  may  forget  to 
latch  it  until  after  the  truck  is  loaded.  If  this  happens,  you 
will  have  to  shovel  part  of  the  load  out  of  the  way  so  that 
you  can  latch  the  tailgate. 
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Figure  6-1.  Dump  tnick  with  tailgate  adjusted  to  spread  load. 
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Exercises  (E56): 

1 .  A  pickup  can  carry  loads  of  how  many  pounds  when 
operating  on  bad  roads? 


To  determine  the  weight  carrying  capacity  of  a  pickup, 
what  should  you  do? 


3.  To  engage  the  PTO  on  a  dump  truck  what  must  you 
do? 


LOWER  FIFTH  WHEEL 
LOCKING  JAWS 

PIVOT 


A 


LOCKING  HANDLE 


The  mechanism  that  raises  the  box  of  r>  dump  truck  is 
similar  to  a  what? 


6-2.  Truck  Tractors  and  Semitrailers 

Truck  tractors  and  semitrailers  are  conmionly  referred 
to  as  tractors  and  trailers.  Because  their  operation  varies 
considerably  from  other  equipment,  we  will  cover  them 
seperately  in  this  section. 

E57.  Specify  the  structure  and  operation  of  tractors 
and  tratters. 

Tractors  and  Trailers.  A  tractor  and  a  trailer  are 
separate  units  joined  together  by  a  fifth  wheel.  The  fifth 
wheel  consists  of  two  metal  plates,  one  on  the  tractor,  as 
shown  in  figure  6-2,  A,  and  one  on  the  trailer,  as  shown  in 
figure  6-2, B.  The  upper  fifth  wheel  and  the  lower  fifth 
wheel  form  a  flexible  coupling  which  permits  both 
rotational  and  vertical  movement  between  the  tractor  and 
trailer.  The  upper  fifth  wheel  has  a  kingpin.  The  lower 
fifth  wheel  has  locking  jaws  that  lock  around  the  kingpin 
to  couple  the  tractor  and  trailer  together.  When  not 
attached  to  the  tractor,  the  front  end  of  the  trailer  is 
supported  by  a  retractable  two-legged  landing  gear.  The 
landing  gear  may  be  equipped  with  either  wheels  or  pads 
(flat  pieces  of  heavy  metal). 

Tractors  normally  range  in  size  from  2Vz  to  10  tons. 
Each  tractor  has  a  data  plate  attached  to  the  dash.  Refer  to 
the  data  plate  to  determine  the  load  capacity  of  the  tractor. 

Trailers  range  from  about  18  to  40  feet  long  and  from 
about  8  to  10  feet  wide.  There  are  several  types  of  trailers, 
but  the  ones  you  are  interested  in  are  general  cargo  and 
equipment  trailers.  Cargo  and  equipment  trailers  look 
much  the  same.  The  major  differences  are  that  equipment 
trailers  (conunonly  called  lowboys)  are  lower  (about  3 
feet  high)  and  stronger.  Both  types  have  data  plates  that 
you  can  look  at  to  determine  their  load  capacity. 

Coupling  and  Uncoupling  the  Tractor  and  Trailer. 
Let's  go  through  the  procedure  of  coupling  a  tractor  and 
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Figure  6-2.  Fifth  wheel  (upper  and  lower), 

trailer  together.  The  procedures  are  the  same  for  cargo 
and  lowboy  trailers.  Block  the  trailer  wheels  with 
woodblocks.  Position  the  tractor  ahead  of,  and  in  line 
with,  the  trailer.  Back  the  tractor  slowly  to  the  nose  of  the 
trailer.  Make  sure  that  the  kingpin  is  in  line  with  the 
locking  jaws.  Just  before  the  upper  fifth  wheel  starts  to 
ride  over  the  lower  fifth  wheel,  stop  the  tractor.  Check  the 
height  of  the  trailer  fifth  wheel  to  insure  that  it  is  in  the 
proper  height  to  align  with  the  tractor  fifth  wheel.  If  not, 
raise  or  lower  the  front  end  of  the  trailer  by  raising  or 
lowering  the  landing  gear. 

Connect  the  brake  lines  of  the  tractor  to  the  trailer.  The 
coupling  of  the  tractor  line  mariced  "SERVICE"  must  be 
connected  to  the  coupling  having  a  like  tag  on  the  trailer. 
This  is  also  essential  in  connecting  the  emergency  line.  If 
you  connect  the  airbrake  lines  properly,  they  wiU  be 
crossed.  Open  the  shutoff  valves  on  the  tractor  air  lines. 
(On  some  new  conunercial  tractors,  you  change  the 
position  of  a  switch  in  the  tractor  cab  to  turn  the  air  on  or 
off.)  Then,  lock  the  trailer  brakes  by  applying  the  steering 
colunm  brake  lever  in  the  tractor  cab.  This  helps  to 
prevent  the  trailer  from  moving  when  the  tractor  is  backed 
under  it. 

Be  sure  that  the  lower  fifth  wheel  locking  handle  is  in 
the  OPEN  position.  Nomudlv,  this  is  insured  by  pulling 
the  handle  forward  until  it  is  approximately  45''  from  the 
centerlinc  of  the  tractor.  Back  the  tractor  until  the  Hfth 
wheel  picks  up  the  front  of  the  trailer  and  the  landing  gear 
wheels  are  off  the  ground.  Back  the  tractor  under  the 
trailer  with  a  fast  and  forceful  motion  until  the  jaws  of  the 
lower  fifth  wheel  automatically  lock  around  the  kingpin 
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on  the  trailer.  This  will  throw  the  lower  fifth  wheel 
locking  handle  into  the  CLOSED  position.  Make  certain 
that  the  coupling  is  secure  by  trying  to  pull  the  tractor 
forward  with  the  trailer  brakes  set. 

Insert  the  electric  jumper  cable  into  the  receptacle  on 
the  trailer  and  secure  it  in  position.  Operate  the  lights  from 
the  towing  vehicle  to  make  certain  tbat  all  are  in  working 
Older.  Remove  the  chock  blocks.  Release  the  landing  gear 
crank  from  its  clip.  This  crank  is  usually  located 
underneath  the  edge  of  the  trailer  near  the  landing  gear. 
Eingage  the  crank  and  rotate  it  to  raise  the  landing  gear. 
Raise  die  landing  gear  as  high  as  possible  to  afford 
maximum  clearance.  Place  the  crank  back  in  its  clip. 

Before  we  move  on  to  operating  a  tractor  and  trailer, 
let's  go  through  the  procedure  of  uncoupling  them.  Block 
the  wheels  on  bodi  sides  of  the  trailer.  If  you  park  on  an 
upgrade,  place  the  blocks  behind  the  wheels;  if  you  park 
<Mi  a  downgrade,  place  diem  in  front  of  the  wheels.  Close 
the  sbutoff  valves  on  the  brake  lines  at  die  rear  of  the 
tractor.  Uncouple  the  shutoff  valves  on  tibe  brake  lines  at 
the  rear  of  the  tractor.  Uncouple  die  airbra*%  lines  from 
the  couplings  on  die  nose  of  die  trailer.  The  trailer  brakes 
will  set  automatically  when  the  emergency  air  line  is 
uncoupled.  Disconnect  die  electric  jumper  cable  finom  the 
receptacle  on  die  nose  of  die  trailer.  Remove  the  landing 
gear  operating  crank  from  its  cUp  and  engage  it  on  its 
shaft.  Turn  the  crank  to  lower  the  landing  gear  feet  until 
they  contact  the  ground.  Replace  die  crank  in  its  clip. 

Place  the  lower  fifdi  wheel  handle  in  die  OPEN 
positicHi.  Drive  the  tractor  forward  until  die  semitrailer  is 
ftet  and  rests  on  die  landing  gear.  Take  it  easy  and  pull  the 
tractor  out  slowly.  This  prevents  dropping  the  weight  of 
the  trailer  suddenly  on  die  landing  gear  if  it  is  not  in  full 
contact  widi  die  ground. 

Operation  t  Operation  of  die  tractor  and  trailer  is  much 
more  difficult  dian  diat  for  most  odier  vehicles.  You  must 
make  allowances  for  die  added  lengdi  when  turning, 
backing,  and  passing  other  vehicles.  You  must  also 
consider  space  for  maneuvering  this  larger  unit  into 
position  for  loading  and  unloading.  There  are  special 
techniques  for  turning,  backing,  and  stopping  the  tractor 
and  trailer  combination. 

When  you  make  a  turn  widi  die  tractor  and  trailer,  you 
must  allow  for  the  overall  length  of  the  unit.  Also,  keep  in 
mind  diat  this  unit  is  **hinged**  in  the  middle  and  the 
trailer  has  a  tendency  to  cut  the  comers  rather  than  follow 
the  tractor.  Fdrittiis  reason,  it  is  necessary  to  make  a  wider 
turn  than  when  you  are  turning  wf.th  a  straight  truck. 
However,  on  a  right  turn,  keep  the  unit  close  enough  to 
die  toad  edge  to  keep  a  following  vehicle  firom  making  an 
attempt  to  pass  on  the  right.  (CAUTION:  It  is  extremely 
important  diat  the  turn  signals  be  turned  on  well  in 
advance  of  starting  die  turn.  This  will  warn  odier  drivers 
that  a  turn  will  be  made  and  allow  diem  to  drive 
accordingly.)  When  preparing  for  the  turn,  pull  straight 
ahead  into  the  intersection  and  continue  until  you  can 
make  die  turn  widiout  the  trailer  wheels  running  over  die 
curb  or  off  die  road  on  the  inside  comer. 

When  you  back  a  tractor-trailer  combination,  reverse 


the  procedures  you  use  to  back  a  straight  tmck.  For 
example,  if  you  want  the  trailer  to  go  to  the  left,  turn  the 
steering  wheel  to  the  right.  After  the  trailer  is  headed  in 
the  desired  direction,  turn  the  steering  wheel  slowly  to  the 
left.  This  puts  the  tractor  in  the  same  line  of  travel  as  the 
trailer  and  prevents  the  tractor  and  trailer  from 
jackknifing.  (The  term  ^^jackknife**  means  a  condition 
where  the  tractor  and  trailer  become  jammed  together  at 
an  acute  angle.)  Backing  the  trailer  to  the  left  is  known  as 
''sight  side"  backing  and  is  the  method  recommended 
whenever  possible.  When  backing  to  the  left,  you  have  a 
better  view  of  the  area  into  which  you  are  backing,  as  you 
can  see  in  figure  6-3. 

Rcvers*^  these  procedures  to  back  a  trailer  ta  the  right. 
This  is  called  blind  side"  backing  and  should  be  done 
only  when  it  is  absolutely  necessary.  As  you  can  see  in 
figure  6-4,  you  caimot  see  the  rear  of  your  trailer  or  the 
area  into  which  you  are  backing.  For  this  reason,  a  guide 
is  mandatory  for  blind  side  backing. 

In  normal  operation,  apply  the  brakes  of  die  tractor  and 
those  of  die  trailer  simultaneously.  This  is  done  with  the 
tractor  brake  pedal  which  controls  both  the  tractor  and 
trailer  brakes.  This  procedure  is  not  recommended  when 
driving  on  steep  grades  or  slippery  surfaces.  The  safest 
way  to  stop  a  tractor  on  slippery  roads  or  steep  grades  is  to 
apply  the  trailer  brakes  first.  Then  apply  the  tractor 
brakes.  This  procedure  reduces  die  possibility  of  the 
trailer  jackknifing  or  swinging  out  of  die  line  of  travel. 
You  apply  the  trailer  brakes  independendy  of  die  tractor 
brakes  with  a  lever  mounted  on  die  steering  column.  Be 
careful  not  to  pull  die  lever  too  fai  and  lock  the  trailer 
wheels.  Do  not  use  the  trailer  brakes  for  parking. 

Exercises  (£57): 

1.  If  the  airbrake  lines  are  properly  cormected  they  will 
be  


2.  What  is  the  range  in  size  for  tractors? 


3.  On  which  fifdi  wheel  are  the  locking  jaws? 


4.  What  is  the  first  step  in  the  uncoupling  procedure? 


6-3.  Load  Distribution 

Each  vehicle  is  designed  to  carry  a  maximum  load.  In 
carrying  diis  load,  the  truck  has  a  front  suspension  system 
(axle,  springs,  wheels,  etc.)  and  a  similar  rear  suspension 
system,  each  of  which  is  designed  to  carry  a  certain 
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Figure  6-3.  Backing  trailer  left  (sight  side).  Figure  6-4.  Backing  trailer  right  (blind  side). 


maximum  load.  It  is  important  that  you  adhere  to  these 
load  limits  when  loading  and  unloading  the  vehicle. 

E58.  State  how  load  distribution  affects  truck 
operation. 

Manufacturer's  Speciflcations.  Suppose,  for 
example,  we  consider  a  1-ton  truck.  Let's  say  the  truck  is 
to  be  operated  on  smooth  roads  and  the  manufacturer's 
specifications  read  as  follows. 

a.  Empty  truck: 

(1)  Weight  4500  lbs. 

(2)  Front  axle  2500  lbs. 

(3)  Rear  axle  2000  lbs. 

b.  Maximum  load  3000  lbs. 

c.  Maximum  gross  weight  7500  lbs: 

(1)  Front  axle  (maximum)  3000  lbs. 

(2)  Rear  axle  (maximum)  4500  lbs. 

(NOTE:  Weights  shown  are  not  that  of  an  actual  truck. 
They  are,  however,  reasonable  values  diat  have  been 
selected  to  sinq>lify  calculations.) 

Load  Placement.  Suppose  we  have  32  bags  of  cement 
at  94  pounds  each  to  haul  to  the  job  site.  Also,  let's  say  the 
cement  is  stacked  on  two  pallets  (16  bags  per  pallet)* 
Now,  if  both  pallets  are  loaded  on  the  front  of  the  truck 
bed,  the  front  axle  will  be  overioaded*  If  diey  are  placed 
on  the  back  of  the  bed,  the  rear  axle  will  be  overioaded. 
Such  loading  will  place  excessive  strain  on  the  frame  and 
respective  suspension  system  (axle,  springs,  shocks, 
wheels,  wheel  bearings,  and  tires)  and,  the  steering  will 
be  affected  by  improper  load  placement.  Thus,  to  avoid 
such  a  condition,  you  should  insure  that  the  load  is 
distributed  so  that  each  axle  carries  only  its  share  of  the 


load.  When  operated  as  such,  the  truck  will  have  proper 
balance,  good  vision,  and  normal  steering  characteristics. 
Suspension  parts  wUl  have  a  normal  lifespan  and  the  truck 
can  be  operated  safely. 

Balance.  You  may  recall  from  your  childhood  days 
some  experiences  on  the  seesaw  (see  fig.  6-5).  As  you  can 
see,  the  board  is  supported  by  a  bar.  The  length  of  the 
board  extending  on  either  side  of  the  bar  can  be  adjusted. 
This  adjustment  provision  can  be  used  to  compensate  for 
children  of  different  weights. 

Detail  A  of  figure  6-5  shows  a  balanced  condition. 
Why?  To  answer  this  we  must  understand  some  basic 
properties  of  balance.  Then  we  will  extend  these 
properties  to  your  vehicle,  the  truck.  The  seesaw  is 
balanced  because  the  two  weights  are  equal  and  their 
distances  from  the  supporting  beam  are  equal.  Let's  apply 
some  simple  arithmetic  to  analyze  this  balanced 
condition.  Hrst,  let's  consider  the  left  side  of  the  seesaw. 
The  force  applied  is  the  product  of  weight  and  distance. 
Distance,  in  this  case,  is  measured  from  the  center  of  the 
supporting  beam.  Such  distance  is  conunordy  referred  to 
as  a  moment  arm.  The  moment  (75  x  IQO  =  7500 
inch-pounds)  is  a  force  that  tries  to  rotate  the  left  end  of 
die  board  downward  about  the  pivotal  point  (beam)  as 
shown  in  detail  B.  This  force,  as  you  can  see,  is  opposed 
by  an  equal  force  trying  to  rotate  the  right  end  of  die  board 
downward  about  the  same  pivotal  point.  The  two 
opposing  forces  are  equal;  consequently,  the  board  is 
balanced. 

The  mathemadcal  analysis  is  somewhat  involved.  You 
will  be  expected  to  perform  only  limited  calculations  as  a 
5  level  airman .  As  you  progress  up  the  career  ladder  to  the 
7  level,  however,  you  should  have  a  better  understanding 
of  load  placement  and  its  effect  on  the  truck  operation. 
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Figure  6-5.  Seesaw  board. 


A  serious  accident  could  result  from  improper  loading. 
For  example,  suppose  you  are  driving  a  truck  that  has  a 
heavy  load  on  the  back  of  the  truck  bed.  Further,  suppose 
you  encounter  rain  and  turbulent  winds  on  an  asphalt 
road.  As  you  probably  know,  this  type  of  road  can 
become  very  slick  when  wet.  Let's  suppose  you  approach 
a  familiar  turn  at  a  speed  that  would  be  slow  under 
ordinary  conditions.  However,  the  light  load  on  the  front 
tires,  sUck  and  wet  pavement,  and  turbulent  winds  could 
cause  loss  of  control  in  the  turn.  The  vehicle  could  veer 
off  the  pavement  and  overturn.  The  results  could  be 
severe  damage  to  the  truck  and  possible  loss  of  life — ^your 
Ufe! 

Exercises  (£58): 

1 .  When  a  truck  is  overloaded  to  the  rear,  how  does  it 
affect  steering  characteristics? 


What  determines  which  portion  of  the  load  is  to  be 
carried  by  each  axle? 


6-4.  Rough  Torrain  Forklifts 

During  contingency  operations  the  movement  and 
handling  of  niaterials  and  equipment  is  often  difficult 
because  of  the  unimproved  surfaces  where  these 
operations  take  place.  Because  of  this,  the  material 
handling  equipment  (MHE)  must  be  specially  designed  to 
operate  over  these  surfaces.  The  rough  terrain  (RT) 
forklifts  in  the  Air  Force  inventory  are  designed  for  this 
specific  purpose. 

E59.  State  tiow  to  use  rough  terrain  foridlfls. 

Rough  Terrain  Foridift  Attachments.  The  rough 
terrain  forklift  used  by  the  Air  Force  is  a  multi-purpose 
piece  of  equipment.  By  removing  or  adding  attachm^acs  it 
can  be  used  as  a  forklift,  dozer,  scn^)er,  scoop  shovel  or 
front-end  loader.  Two  experienced  technicians  can 
remove  the  bucket  and  install  the  foridift  mechanism  in 
about  4  hours. 

Operation.  To  load  material  stacked  on  pallets, 
^>proach  the  pallet  and  c  heck  the  forks  to  make  sure  diat 
they  are  far  enou^  ^>art  to  insure  stability.  Pull  forward 
and  slide  die  forks  under  the  pallet.  Tilt  back  and  raise  the 
forks.  If  you  are  stacking  material,  raise  the  load  to  the 
proper  level,  tilt  forward,  and  place  the  load  in  position 
and  back  out  slowly.  As  you  back  out,  check  the  forks  for 
clearance. 

To  load  material  not  on  pallets,  depending  on  the  shape 
of  the  object  to  be  moved,  you  can  first  tilt  the  forks 
forward  and  try  to  slide  the  forks  under  the  load,  or  you 
can  raise  one  end  of  the  load  and  block  it  and  then  raise 
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and  block  die  other  end.  Four  by  fours  make  ideal  blocks. 
After  you  have  the  load  blocked,  you  can  then  slide  the 
forks  under  the  center  of  the  load.  Before  you  lift  the  load, 
you  should  tilt  the  foiks  back  to  {nevent  the  load  from 
tipping  forward.  When  transporting  a  load,  raise  it  just 
ti^  enough  to  clear  the  ground.  To  insure  stability,  travel 
slowly,  avoid  sharp  turns,  and  do  not  attempt  to  stop 
suddenly. 

Hauling  Construction  Materlab.  Let*s  say  titiat  you 
are  going  to  haul  a  large  quantity  of  prefabricated  airfield 
landing  nuits.  The  mats  are  12  feet  long  and  2  feet  wide. 
There  are  12  mats  per  bundle.  Let*s  assume  that  you  are 
going  to  use  a  forklifl  to  load  and  unload  the  mats, 
because  it  is  the  most  likely  piece  of  equipment  to  use. 

Place  the  trailer  beside  die  mats.  Leave  enough  room 
between  the  trailer  and  stack  of  mats  to  allow  forklift 
workirg  space.  Place  4  x  4s,  or  other  suitable  blockiiig, 
across  the  trailer  floor.  Set  die  mats  on  the  4  x  4s.  If  the 
forklift  will  reach  far  enough,  you  can  losd  firom  one  side. 
If  not,  load  from  the  middle  out  on  each  side.  After  you 
get  the  first  tier  loaded,  place  4  x  4s  on  top  of  it  and  load 
another  tier.  Load  as  many  mats  as  the  tractor  and  trailer 
wiU  haul  without  overloading.  Check  the  data  plates  for 
the  maximum  load.  When  you  have  the  vehicle  loaded, 
place  two  chains  across  each  row  of  mats.  Tie  die  chains 
securely  and  ti^ten  diem  widi  load  Ht^ders. 

Load  binders  are  chain  tightening  ^'^ataremade 
of  iron  widi  swivels,  two  chain  hot  ,  md  a  lever,  as 
shown  in  figure  6-6.  You  hook  one  binder  hook  on  the 
chain  near  the  trailer  and  the  odier  higher  up  and  ti^ten 
the  chain  by  pulling  the  lever  down.  The  lever  will  stay  in 
place  as  long  as  the  chain  is  tight.  To  release  the  load 
binder,  push  die  lever  up  and  away  from  the  chain. 

After  you  drive  frmn  the  loading  point  to  the  unloading 
point,  park  die  tractor  and  trailer  so  that  diere  is  sufficient 
forklift  woriung  room.  Release  the  load  binders  and 
remove  the  chains.  Place  4  x  4s  on  the  ground  where  you 
are  to  stack  the  mats.  The  4  X  4s  will  serve  diree  purposes: 
they  will  allow  the  forklift  forks  to  slip  out  easily,  keep  the 
mats  out  of  mud  and  water  in  wet  weather,  and  dlow 
foridift  folks  to  be  easily  slipped  under  the  mats  in  the 
future.  You  may  use  the  4  x  4s  that  are  under  the  mats  on 
the  truck.  This  exaiiq>le  is  only  one  type  of  construction 
matNial  that  you  may  haul.  With  minor  variations  in  the 
procedure,  you  can  haul  most  types  of  construction 
materials  in  the  same  manner. 


Hgure  6-6.  Load  bindsr. 


Exerdses  (E59); 

1.  How  far  apart  must  die  forks  be? 


2.  Chains  arc  tightened  by  die  use  of  what  device? 


3.  A  front-end  loader  may  be  converted  to  a  foridifr  in 
approximately  how  many  hours? 


6^.  Front-End  Loaders 

The  front-end  loader  is  a  self-contained  unit.  It  can  be 
mounted  on  pr^umatic  wheels  or  on  tracks.  Since  you  are 
more  apt  to  operate  wheel-mounted  loaders  than 
track-mounted  units,  we  will  concentrate  on  diis  type. 
Because  of  the  different  types  of  attachments  that  can  be 
mounted  on  the  loader,  such  as  a  traction-type  bucket  or  a 
forklift  mechanism,  it  is  a  very  versatile  machine.  Its 
versatility  is  further  enhanced  by  its  ability  to  operate  over 
rough  terrain.  You  can  see  why  it  is  a  very  important  piece 
of  equipment  to  the  CE  equipment  invento^. 

jEXSO.  Specify  the  technlqaes  of  cq^enitiiig  frrat-rad 
loaders  and  the  types  of  operations  they  pof  orm,  and 
istate  the  ftinctiona  of  the  conCrob. 

These  loaders  are  available  in  variou'^  sizes  and 
ciqiacities,  and  they  have  buckets  holding  up  to  3  cubic 
•  yards.  The  Air  Force  loader  generally  falls  in  the  1 V^-  to 
2V^-cubic  yard  range.  They  are  usually  diesel  engine 
(powered  and  are  equipped  with  a  transmission  of  the 
power-shift  type  providing  four  speed  ratios  fOTward  and 
reverse.  On  older  models  of  the  2Vi  cubic  yard  units,  the 
frame  is  hinged  midway  between  the  front  and  rear  axles. 
This  construction  is  referred  to  as  an '  'articulated*  *  frame. 
On  this  type  of  machine,  the  finont  axle  provides  die 
steering.  A  hydraulic  system  provides  power  for 
operating  mounted  attachments  and  assists  in  steering. 

Versatility  of  the  loader  is  depicted  in  figure  6-7.  Detail 
A  shows  the  loader  equipped  with  a  multi-purpose 
bucket.  Equipped  as  such,  it  may  be  used  to  scoc^  up  and 
load  loose  material  into  a  truck;  or,  it  may  be  used  to  dig 
earth  out  of  a  bank.  This  heavy  duty,  all-welded,  steel 
bucket  has  replaceable  cutting  edges  and  bolt-on 
replaceable  teeth.  This  durable  bucket  has  the  strength  to 
porfonn  excavation  of  medium-type  materials.  Equipped 
with  this  bucket,  the  loader  can  perform  clamshell,  dozer, 
scraper,  and  scoop-shovel  functions.  The  machine  in 
detail  B  of  this  illustration  is  poised  for  dozer  operation. 
Detail  C  shows  the  machine  converted  to  a  forklift.  As 
such,  it  can  be  used  to  load  equipment  or  suf^lies  onto  a 
truck  or  flatbed.  It  may  also  be  used  to  move  machinery 
and  packaged  or  crated  material  over  a  short  distance. 
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Other  attachments  available,  but  of  limited  military  use, 
include  the  crane  hook  and  snowplow. 

As  wc  discuss  loaders,  thenj  will  be  areas  where  it  is 
necessary  to  cover  a  specific  piece  of  equipment.  We  will 
refer  to  the  International  Hough  (pronounced  hufO  90  in 
this  chapter  where  the  information  is  specific.  This  loader 
is  shown  in  figure  6-8.  It  is  a  versatile  machine  that  can  be 
used  as  a  loader  and  as  a  forklift.  The  typical 
wheel-mounted  loader  is  equipped  with  large  rubber  tires 
that  give  it  a  relatively  low-ground-bcaring  pressure. 
With  this  characteristic,  this  type  of  machine  can  perform 
a  variety  of  jobs  and  is  capable  of  speeds  approaching  30 
miles  per  hour.  The  loader  has  good  traction  on  unstable 
surfaces  and  can  perform  on  side  slopes  of  1 5  percent  and 
on  straight  slopes  up  to  30  percent  in  the  direction  of 
travel. 

Operating  Controls.  Refer  to  figure  6-9.  Notice  that 
the  Hough  90  loader  is  equipped  with  numerous  controls, 
each  of  which  has  a  specific  function  in  the  control  of  the 
loader.  Wc  will  consider  these  controls  as  two  sets  and 
review  their  functions  briefly.  One  set  controls  the 
bucket,  while  the  other  set  controls  the  engine, 
transmission,  and  brakes. 

Bucket  controls.  As  shown  in  figure  6-9,  the  three 
levers  located  on  the  right  side  of  the  operator's  seat  are 
used  to  control  the  bucket.  Lever  number  one  is  used  to 
raise,  hold,  lower,  and  float  the  bucket.  Lever  number 
two  is  used  to  tilt  the  bucket  or  forks.  Lever  number  three 
is  used  to  open  and  close  the  clamshell. 


Other  controls.  The  remaining  controls  pertain  to 
sp>eed,  direction,  transmission,  and  brakes. 

The  two  levers  located  on  the  left  of  the  steering  wheel 
(fig.  6-9)  are  used  to  control  the  direction  and  the  speed  of 
the  loader.  The  direction  shift  lever  (5)  has  three 
functions.  In  its  forward  position  the  loader  moves 
forward;  the  center  position  is  neutral;  and  the  downward 
position  is  reverse.  Speed  shift  contiX)l  (6)  has  three 
positions;  i.e.,  up  is  first  speed,  center  is  neutral,  and 
down  is  second  speed.  Since  the  loader  has  a  4-spced 
power  shift  transmission,  this  combination  provides  low 
speed  ratios. 

Controls  (4),  (7),  and  (10)  are  self-explanatory  from 
Iheir  titles  in  figure  6-9.  Control  (7),  however,  has  a  dual 
function.  It  disconnects  the  transmission  and  applies  the 
brakes  when  the  pedal  is  depressed. 

A  bucket  position  indicator,  shown  in  fij^ure  6-10,  is 
affixed  to  the  boom.  It  indicates  the  operating  mode  of  the 
bucket.  Position  indications  include  bulldozer,  scraper, 
bucket,  and  clamshell. 

Operation  of  Front-End  Loader.  Now  tl.\at  you  are 
familiar  with  the  loader  controls,  let's  discuss  operaiion 
of  the  loader.  For  an  example,  let's  consider  loading  a 
dump  truck  from  a  stockpile.  The  loader  is  equipped  with 
a  regular  bucket.  Refer  to  figure  6-11.  You  should  begin 
with  the  bucket  leveled  with  the  ground  (approach).  Then 
drive  forward  into  the  stockpile  (thrust).  As  the  bucket 
fills,  tilt  backwards  and  raise  the  buckv*tt.  Back  away  from 
the  pile  keeping  the  loaded  bucket  low  (loaded).  Always 


Figure  6-8.  Front-end  loader  with  clamshell-type  bucket, 
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(1>  Bucket  raise  and  lower  lever 

(2)  Bucket  tilt  lever 

(3)  Clamshell  lever 

(4)  Hand  throttle  lever 


(5)  Direction  lever 

(6)  Speed  shift  lever 

(7)  Transmission  disconnect  pedal 

(8)  Brake  pedal 


(9)  Foot  throttle 

(10)  Parking  brake 

(11)  Parking  brake  warning  light 

( 1 2)  Instrument  panel 


Figure  6-9.  Front-end  loader  controls. 
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travel  with  the  loaded  bucket  as  low  to  the  ground  as 
possible.  Then,  raise  the  bucket  to  the  desired  height  as 
you  approach  the  dump  tnick.  To  prevent  damage  to  the 
dump  body,  dump  the  first  load  a  little  at  a  dme.  To 
increase  production,  keep  the  travel  distance  as  short  as 
possible.  Spotting  the  trucks  where  you  want  them  is  a  big 
help. 

Another  method  of  loading  is  by  use  of  the  clamshell: 
you  should  engage  the  bucket  to  the  dozer  position,  push 
die  material  ahead,  and,  when  you  have  a  pile,  close  the 
cliunsh^^U  (see  fig,  6-12).  You  can  ihtn  use  the  scraper 
position  to  spread  the  load.  Set  the  bucket  to  the  desired 
height.  Then,  as  you  back  up,  open  the  clamshell.  As  the 
matenal  flows  out,  regulate  the  clamshell  opening  to 
maintain  the  desired  depth  of  spread.  The  speed  of  the 
loader  and  the  type  of  material  normally  governs  the 
clamshell  opening.  You  can  also  use  die  clamshell  to 
dump  the  load  in  a  dump  truck,  as  shown  in  figure  6-12. 

Excavating.  The  loader  nuiy  also  be  used  to  dig  or 
excavate.  You  should  start  by  leveling  the  budcet  with  the 
ground.  Then  drive  forward  and  tilt  die  bucket  forward. 
When  the  bucket  has  penetrated  die  ground  to  the  desired 
depth,  level  off  and  continue  until  the  bucket  is  full.  Then 
tilt  the  bucket  back  and  raise  it  qyproximately  12  inches 
from  die  ground.  Carry  the  load  to  die  desired  dumping 
site.  Remember,  always  carry  a  full  bucket  close  to  the 
ground  to  insure  maximum  stability. 

The  loader  can  excavate  for  basements,  personnel 
shelters,  weapon  revetments,  etc.  If  the  loader  is  used  for 
this  purpose,  you  must  construct  a  ramp  into  the 
excavation  in  order  to  bring  the  noaterial  out  (see  fig. 
6-13).  A  combination  of  the  loader  and  haul  trucks 
increases  die  efficiency  most  dian  direefold. 

Boci^tftfi^ .  The  loader  can  be  used  in  other  operations , 
such  as  backfilling  ditches  or  trenches.  By  lowering  the 
bucket  to  grade  level,  the  forward  movement  of  the 
macUne  pushes  die  stockpiled  eaitfa  into  die  trench  (see 
fig.  6-14).  This  work  is  ideal  for  the  scoop  loader, 
provided  the  bucket  is  as  wide  or  wider  dian  the  tracks  or 
wheels,  for  it  insures  cleanup  in  die  least  number  of 
passes .  Narrow  buckets  cause  die  tracks  or  wheels  to  ride 
up  the  stockpile.  This  raises  CHie  comer  of  the  bucket  and 
reduces  die  area  for  cleanup. 

Techniques  of  Operation.  You  can  use  certain 
operating  techniques  to  improve  the  production  of  scoop 
loaders.  For  example^  when  you  load  the  bucket,  move  it 
parallel  widi  die  ground,  with  d^  cutting  edge  skimming 
the  surface  being  traveled.  This  action  removes  ruts, 
obstacles,  and  loose  material  during  the  forward  pass  of 
die  machine.  Move  the  loader  at  slow  speed,  increasing 
power  as  die  cutting  edge  contacts  the  bank  or  stockpile. 
On  penetration  of  the  material,  raise  the  bucket.  (Trowd 
die  material  bto  the  bucket  and  roll  die  bucket  back .  This 
procedure  prevents  the  spilling  of  die  material. 

Proper  positioning.  Proper  positioning  of  equipment  to 
receive  material  from  the  loader  is  necessary  for 
maximum  production,  to  tnini^yin  maneuvering  time, 
and  protection  of  the  traveled  surface. 

Handling  cf  difficult  material.  To  maintain  efficiency 


when  handling  a  sticky  n,  J  that  has  a  tendency  to 
cling  to  the  bucket,  use  the  multisegment  bucket  with  its 
clam-type  opening  instead  of  the  solid  bucket.  For 
material  that  is  medium  to  hard,  fust  break  up  or  loosen 
the  material  with  a  rooter,  ripper,  or  explosives. 

Selection  Factors*  Certain  factors  should  enter  into 
youi  selection  of  a  loader  or  other  item  of  equipment  :o 
perform  a  task.  One  of  these  factors  is  the  volunie  of 
material  to  be  excavated.  Loaders  are  excellent  machines 
to  use  in  soft  to  medium  material,  such  as  that  found  in 
stockpiles.  When  the  material  is  medium  to  hard,  the 
production  rate  of  the  loader  is  gready  reduced.  Further,  a 
loader  attains  its  highest  production  rate  when  it  works  in 
flat,  smooth-surfaced  areas  und  has  proper  space  to 
maneuver.  If  there  are  poor  underfoot  conditions  and  lack 
of  space  to  operate  efficienUy,  some  other  items  of 
equipment  may  be  more  effective.  The  height  to  which 
the  material  must  be  placed  or  dumped  is  another  factor 
which  must  be  considered.  Other  items  of  available 
equipment  may  construct  a  stockpile  faster  or  load  a 
hopper  or  grizzly  more  efficiendy. 

Exeitdses  (E60): 

1 .  What  techniques  should  be  used  to  operate  a  sc  ^p 
loader  on  a  bank  or  stockpile? 


2.  Name  two  operations  the  front-end  loader  can  perform 
and  briefly  explain  each  operation. 


3.  State  the  fiinctions  of  the  two  sets  of  contix>l8. 


4.  There  rje  three  levers  used  to  control  the  bucket. 
State  die  function  of  each. 


5.  In  what  positions  should  you  engage  the  bucket  to 
push  the  material  in  a  pile? 


6.  Whichbucketdoyouuse  when  you  want  to  spread  the 
load? 


7.  Under  what  condition  does  a  loader  perforji  best? 
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Figure  6-11.  Loading  a  dump  tnick. 


8.  Where  is  the  bucket  position  indicator  located? 


64.  Industrial  Tractora 

The  naost  common  vehicle  found  in  a  civil  engineering 
(^anization  is  the  industrial  tractor.  An  industrial  tractor 
is  used  constandy  on  a  wide  variety  of  light  jobs  in  both 
constniction  and  maintenance.  Much  work  can  be  done 
with  an  industrial  tractor  with  one  or  more  attachments 
connected  to  it. 

In  a  contingency  operation  you  may  be  required  to 
operate  eitfier  a  farm  tractor,  or  an  industrial  tractor,  cr 
both.  For  all  practical  p;^Tposes»  they  are  both  operated  in 
cssentiaUy  die  same  way.  The  only  difference  is  in  die 
number  and  type  of  attachments  available.  Since  the  two 
are  very  similar  in  operatic  ,  and  the  industrial  tractor 
will  accept  more  attachments,  we  will  discuss  only 
indu&tiial  tractors  in  this  umt. 

E61.  State  the  method  for  mounting  equipment  and 
the  purpose  of  the  PTO;  and  name  the  hydraulic 
controls  and  three  of  the  attachmrats  used. 

Industrial  tractors  must  be  of  sturdy  construction  and  be 
relatively  ftce  from  maintenance  problems.  For  exan^>le, 
to  withstand  the  pressures  exerted  by  a  frcmt-end  loader,  . 
the  front  axle  of  an  industrial  tractor  must  be  heavier  and 
stronger  than  die  front  axle  on  a  farm  tractor.  Because  of 
the  heavier  loads  it  must  control,  the  clutching 
mechanism  is  sturdier,  and  for  more  traction,  industrial 
tractors  are  equipped  wifli  larger  rear  tires  than  farm 
tractors. 

The  engine  of  an  industrial  trcctor  is  usually  in  the 
6(Khor8epower  class.  It  may  be  uti>ei  gasoline  or  diesel 
operated.  The  engine  provides  the  pressure  to  the 
hydraulic  system  that  gives  the  operator  "fingertip** 
control  of  all  mounted  or  attached  equipment.  Through 
the  use  of  the  hydraulic  controls,  all  mounted  equipment 
and  attachments,  or  attached  equipment  with  remote 
cylinders,  can  be  controlled  from  die  operator's  seat.  In 
addition,  the  hydraulic  system  provides  power  steering  at 
all  operating  speeds. 

Mounting  of  Equipment.  Several  methods  have  been 
devised  to  mount  equipment  on,  or  attach  them  to, 
industrial  tractors.  The  most  modem  and  convenient 
medtod  is  the  three-point  hitch,  shown  in  figure  6-15. 
This  hitch  provides  tfuwc  separale  points  at  which  an 
attachment  is  connected.  It  consists  of  two  lower  (outside) 
links  and  one  upper  (center)  link.  The  lower  links  support 
die  wei^t  of  die  attachment  and  apply  the  direct  pulling 
power  to  i  t .  The  upper  link  provides  a  means  by  which  die 
attachment  can  be  positioned  or  leveled. 

The  right  lower  link  is  also  equ^tiped  widi  a  leveling 
adjustment  (see  fig.  6-15).  By  using  bodi  die  upper  link 
adjustment  and  die  right  lower  link  adjustment,  an 
a^hment  can  be  leveled  or  positioned  as  desired.  Once 
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Rgure  6-15.  Three-point  hitch. 

the  attachment  is  positioned,  you  have  complete  control 
over  it  (raising,  lowering,  etc.)  through  die  hydraulic 
system  controls. 

Many  types  of  equipment  simply  are  pulled  behind  the 
industrial  tractor.  This  tnuling  type  of  equipment  is 
attached  to  a  drawbar.  This  may  be  a  swinging  drawbar,  a 
fixed  drawbar,  or  a  floating  drawbar. 

Floating  drawbar.  This  device  is  nothing  more  than  a 
crossbar  fastened  to  die  lower  links  of  a  three-point  hitch. 
It  has  the  advantage  of  being  adjustable  (up  or  down)  to 
match  die  height  of  die  equipment  hitch. 

Swinging  drawbar.  This  drawbar  (fig.  6-16)  consists  of 
a  drawlink  hinged  at  the  tractor  end  so  diat  the  opposite 


o  o 

X  /    ■■' ' 

 ■■  »  , 

/  1 
/  / 
/  ' 

/  / 

1^ — 6  — ^ 

/ 

f 

^  f 

I  s 

1  N 
1  \ 
\  \ 
1  \ 
\  \ 

■  CJN.005 

Figure  6-16.  Swinging  drawbar. 
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end  is  free  to  pivot  across  8  supporting  bar  that  is  attached 
rigidly  to  the  tractor  housing.  The  swinging  drawlink  is 
free  to  swing  the  entire  width  of  the  support  bar  or,  when 
desired,  it  can  be  locked  in  place.  When  pulling 
trailing-type  equipnnent  that  does  not  require  close 
positioning,  steering  is  easier  if  the  swinging  drawbar  is 
left  free  to  swing.  If  a  thtee-point  hitch  is  on  the  tractor, 
place  the  lower  links  in  tl;e  UP  position  to  prevent 
interference  when  the  drawbar  swings  from  side  to  side. 
When  you  want  the  pull  on  a  load  to  be  centered,  bolt  the 
swinging  drawlink  in  its  center  position  to  the  support  bar. 

Fixed  drawbar.  This  device  (fig.  6-17)  is  found  on 
many  older  model  tractors,  but  it  can  be  used  in  many 
modem  towing  situations.  It  consists  of  a  flat,  U-shaped 
drawlink  fixed  rigidily  to  the  tractor  housing.  Steel  rod 
braces  support  the  drawlink  and  increase  its  load-carrying 
capabilities.  The  fixed  drawbar  has  holes  spaced  along  its 
length.  On  pin-type  equipment  tong«ies,  the  pin  simply  is 
dropped  through  one  of  the  holes.  Wlien  the  ball  and 
socket  type  of  trailer  hitch  is  used,  the  ball  can  be  mounted 
readily  in  one  of  the  holes. 

Power  Takeoff.  All  industrial  tractors  are  equipped 
with  a  PTO  located  on  the  rear-end  tractor  housing. 
Through  a  system  of  reduction  gears,  the  PTO  provides 
operating  power  frx>m  the  tractor  engine  to  the  mounted  or 
attached  equipment.  A  PTO  shaft  and  its  housing  are 
shown  in  figure  6-18. 

You  can  operate  the  PTO  independently  when  the 
tractor  is  in  any  forward,  reverse,  or  in  neutral  gear.  In 
other  words,  if  the  forward  motion  of  the  tractor  is 
stopped,  the  PTO  will  continue  to  operate  until  it  is 
disengaged.  Its  operation  is  independent  of  the  tractor 
clutch  and  is  controlled  with  the  lever  on  the  tractor 
frame. 

When  you  use  the  power  takeoff  equipment,  it  is 
essential  that  the  PTO  shaft  is  the  proper  length.  If  the 
equipment  is  attached  to  the  drawbar,  you  may  have  to  use 
an  extension  adapter  on  the  power  tiedceoff  shaft  to  make 
up  the  connection.  A  PTO  extension  adapter  (fig.  6-19). 
has  a  female  spline  on  one  end  that  mates  to  the  FTO 
splined  shaft.  The  exposed  end  of  the  adapter  has  a  male 


Figure  6-18.  PTO 


spline  that  can  be  mated  to  a  female  spline  on  the 
attachment  or  equipment.  All  splined  ends  are  drilled  so 
that  they  can  be  keyed  if  necessary.  Keying  prevents  the 
splin':;d  ends  from  separating  during  operation. 

Unless  you  take  safety  precautions,  operating  the  PTO 
can  be  hazardous.  Never  engage  the  power  takeoff  unless 
PTO-driven  equipment  is  mounted  or  attactod  to  ttie 
tractor.  Never  step  down  from  the  tractor  until  after  you 
disengage  the  PTO.  When  you  remove  equipment, 
remove  the  extension  adapter  and  cover  the  PTO  shaft. 

Hydraulic  Controls.  The  hydraulic  controls  used  to 
control  the  three-point  hitch  are  illustrated  in  figure  6-20. 
Altliough  some  manufacturers  may  locate  or  position  the 
controls  differently  on  their  tractors,  basically,  there  are 
three  controls:  (1)  the  draft  (or  load)  control,  (2)  the 
position  (up  and  down)  control,  and  (3)  the  response  (or 
action)  control. 

Dn^  control.  Use  the  draft,  or  load,  control  when  a 
three-point  hitch  attachment  is  of  the  soil  engaging  type. 


Figure  6-20.  Hydraulic  controls. 


and  when  you  need  the  attachment  to  maintaui  a  uniform 
woricing  depth  to  follow  the  contour  of  the  ground.  When 
you  use  a  draft-controlled  attachment,  such  as  a  ripper  or 
plow,  the  draft  system  automatically  maintains  the 
attachment  at  an  even  working  depth  and  transfers  weight 
to  the  abactor's  rear  wheels  to  provide  traction,  regardless 
of  soil  irregularities.  When  you  arc  woricing  in  an  area  that 
has  various  soil  textures,  uyou  can  keep  a  r  Iform  depth 
by  making  minor  adjustments  to  the  draft  control  lever. 

To  lower  a  draft-controlled  attachment  from  the  upper 
position  to  the  ground,  move  the  draft  control  lever  down. 
If  the  attachment  is  running  too  shallow,  continue  to  move 
the  draft  control  lever  down  until  you  have  the  depth  you 
want.  If  the  attachment  is  running  too  deep,  move  the 
draft  control  lever  up  until  you  reach  the  depth  you  want. 
After  you  get  the  desired  depth,  set  the  adjustable  locator 
in  line  with  the  draft  control  lever  to  use  as  a  reference. 
This  procedure  will  allow  you  to  lower  the  attachment  to 
the  same  selected  woricing  depth. 

Position  control.  Use  the  position  control  for  operating 
three-point  hitch  mounted  attachments  that  are  not  draft 
controlled,  such  as  scoops  or  earth  augers.  You  can  hold 
attachments  of  this  type  at  a  fixed  height,  depth,  or 
intermediate  position  regardless  of  draft  loads.  Moving 
the  position  control  lever  toward  the  RAISE  position 
r^ses  the  attachment.  Moving  the  lever  toward  the 
LOWBk  position  lowers  the  attachment.  Locating  the 
position  control  lever  at  intermediate  positions  within  the 
position  control  range  locates  the  lower  diree-point  hitch 
links  at  ttie  cmresponding  intermediate  positions.  The 
position  control  lever  has  an  adjustable  stop  that  lets  you 
return  the  lever  fix>m  RAISE  to  the  sanac  desired  operating 
position. 

Response  control.  The  response  control  is  used  in 
direct  conjunction  with  the  load  control.  The  response 
control  governs  the  rate  at  which  three-point  hitch 
attachments  are  lowered  to  the  ground  fix)m  the  RAISED 
position  and  also  governs  the  rate  at  which  the  load 
control  system  responds  to  various  draft  loads.  The 
response  control  is  used  with  the  position  control  to 
regulate  the  attachment  lowering  rate. 

Certain  attachments  are  very  active  in  the  soil  and  cause 
rapid  chanj^es  to  the  draft  load  because  of  aggressive 
attachment  penetration.  You  can  smooth  out  thcr:«  rapid 
changes  by  moving  the  response  control  toward  the 
SLOW  position.  If  the  attachment  tends  to  "float"  on  the 
soil,  the  draft  response  may  be  too  slow.  You  can 
corrected  this  condition  by  moving  the  response  control 


toward  the  FAST  position  until  the  draft  control  system 
responds  proper^s . 

Attachments.  The  industrial  tractor  is  used  more  often 
than  any  other  item  of  equipment  in  the  pavements  and 
grounds  section  because  of  the  many  diftierent  jobs  it  can 
perform  when  the  right  piece  of  equipment  is  attached  to 
it.  The  tractor  alone  is  worth  very  Hide  to  the  equipment 
operator.  It  becomes  a  working  unit  capable  of  most  light 
construction  and  maintenance  jobs  when  attached 
equipment  is  controlled  by  the  hydraulic  system  and 
driven  by  the  PTO. 

Plows.  A  plow  (see  fig.  6-21)  is  used  to  break  up 
unimproved  grounds  and  turn  under  undesirable 
vegetation.  You  can  use  it  to  turn  under  organic  material 
on  improved  or  semi-improved  grounds  where  sod  is  to  be 
established.  Some  AF  installations  use  the  plow  to  turn 
under  dry  grass  and  create  vegetation-free  strips  to 
prevent  fires  from  spreading  onto  such  areas  as  ammo 
storage  areas  and  airfields.  Plows  can  be  of  any  size,  from 
one  to  six  moldboard  plows.  There  are  a  wide  variety  of 
manufactured  plows.  Some  are  wheel  mounted  and  are 
towed  by  industrial  tractors  with  a  fixed  drawbar.  Others 
are  mounted  to  industrial  tractors  by  a  three-point  hitch. 

When  attaching  the  plow  to  a  three-point  hitch,  it  is 
essential  that  the  plow  be  leveled.  You  can  level  it  by 
extending  or  retracting  the  upper  link,  and  by  raising  or 
lowering  the  right  lower  link.  If  the  plow  is  not  leveled, 
the  plow  may  tend  to  ride  out  of  the  ground,  go  deep  into 
the  ground,  or  diag  to  one  side.  The  plow  is  controlled, 
once  the  cutlJng  depth  is  set,  with  the  hydraulic  system. 
The  nudn  control  used  is  the  draft  control  lever.  The 
position  control  lever  is  placed  in  the  RAISE  position  and 
the  response  control  is  placed  at  the  desired  speed.  Once 
these  two  levers  are  set,  the  plow  can  be  controlled  by 
using  the  draft  control  lever  only .  To  raise  the  plow ,  place 
the  draft  lever  in  the  UP  position.  To  lower  the  plow, 
place  the  draft  control  lever  at  the  desired  digging  depth. 
Once  you  may  have  the  desired  depth,  you  set  the 
adjustable  locator.  This  procedure  insures  that  each  time 
the  plow  is  lowered  it  automatically  goes  to  the  desired 
cutting  depth. 

Harrows.  Three  types  of  harrows  are  in  general  use  at 
Air  Force  installations:  (1)  disk,  (2)  spring-tooth,  and  (3) 
spike-tooth  harrows.  A  disk  harrow  (fig.  6-22)  is  used 
primarily  for  pulverizing  soils.  It  can  be  used  to  chop 
weeds  and  light  brush  in  areas  too  rough  for  mowing.  A 
disk  harrow  is  often  used  to  pulverize  plowed  ground 
during  seedbed  preparation  where  sod  is  to  be  established. 
The  two  seis  of  disks  are  arranged  to  throw  dirt  in  opposite 
directions,  leaving  a  loose,  relatively  smooth,  surface. 

Older  model  disk  harrows  are  attached  to  the  tractor 
drawbar  and  are  raised  and  lowered  mechanically  with  a 
lever  or  crank  located  on  the  top  of  the  frame .  Pulverizing 
soil  to  the  desired  depth  with  this  type  of  harrow  often 
requires  that  additional  weight  be  placed  on  top  of  the 
harrow  frame.  Later  models  are  attached  to  the 
three-point  hitch  and  are  controlled  hydraulically.  You 
adjust  the  depth  position  of  the  hydraulically  controlled 
disk  from  the  tractor  seat.  You  can  reach  the  correct  depth 
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by  setting  the  controls  in  the  same  manner  as  was 
explained  for  the  plo^'A^. 

A  spring-tooth  harrow,  (fig.  6-23)  acts  like  a  chisel 
when  it  is  placed  into  the  soil.  You  can  be  use  it  to 
pulverize  plowed  ground  or  soft  ground  that  has  not  been 
plowed.  The  spring  teeth  are  adjustable  and  can  be 
arranged  to  cultivate  by  cutting  undesired  weeds  at  their 
root  base.  The  greatest  use  for  a  spring-tooth  harrow, 
however,  is  in  road  work.  It  is  an  exceptionally  good 
implement  for  mixing  and  stirring  soils  during 
stabilization. 

A  spikc-tooth  harrow  (fig.  6-24)  is  used  primarily  for 
smoothing  soil  after  it  has  been  gone  over  with  a  disk 
harrow.  The  rows  of  offset  spUces  are  adjustable.  A 
spike-tooth  harrow  can  be  made  as  wide  or  as  harrow  as 
desired  simply  by  adding  or  removing  sections.  Older 
OKxlels  are  fastened  to  the  tractor  drawbar  and  the  spikes 
adjusted  with  the  lever  on  top  of  each  section.  Some  of  the 
newer  models  can  be  attached  to  the  three-point  hitch  and 
ihe  spike  angle  can  be  controlled  with  a  remote  hydraulic 
cylinder. 

Mowers.  Air  Force  installation  acreage  is  normally 
divided  into  improved,  semi-improved,  and  unimproved 
lands.  It  all  must  be  maintained  and  the  vegetative  growth 
controlled.  One  of  the  most  economical  and  efficient 
means  of  controlling  the  grov/th  of  both  desirable  and 
undesirable  plants  is  through  the  use  of  tractor-mounted, 
or  tractor-towed  mowers. 

Reel-type  mowers  (fig.  6-25)  are  used  on  grounds 
where  the  turf  is  in  excellent  condition.  These  mowers  are 
not  used  in  tall  growth  or  on  woody  plants.  The  design  of 
the  mower  tends  to  push  over,  or  knock  down,  high 
growth  without  cutting  it.  They  are  used  primarily  on 
lawn  areas  where  good  cutting  appearance  is  desired. 

These  mowers  are  used  in  three  or  five  gang 
combinations  and  can  cut  at  speeds  ftom  4  to  8  miles  per 
hour.  The  mower  blades  are  driven  ftom  the  traction  of 
the  attachment  wheels.  The  mower  is  not  driven  by  the 
tractor  PTO.  These  mowers  may  be  towed  ftom  the 
drawbar,  or  some  newer  models  can  be  coimected  to  the 
three-point  hitch. 

A  rotary-type  mower,  as  shown  in  figure  6-26,  can  be 
used  on  semi-improved  and  unimproved  grounds.  They 
can  also  be  used  to  clear  brushy  areas,  and  they  can  handle 
small  trees  up  to  a  diameter  of  2  inches.  These  mowers 
can  be  used  in  c  single  unit,  or,  if  a  large  area  is  to  be 
covered,  they  can  be  arranged  in  gang.  They  are  powered 
by  the  PTO,  and  are  attached  to  tlie  three-point  hitch. 
Rotary  mowers  are  the  most  dangerous  of  all  mowers; 
they  should  never  be  used  where  there  is  a  concentration 
of  people,  buildings,  or  vehicles. 

Two  other  types  of  mower  attachments  that  are 
available  at  some  installations  are  (1)  the  flail  type  and  (2) 
uie  bar  (sickle)  type.  The  flail  mower  operates  off  the 
PTO  and  the  three-point  hitch.  It  is  a  heavy-duty, 
high- volume  cutter  used  for  rough  and  coarse  mowing  as 
well  as  for  fme  grooming.  Because  all  moving  parts  of  the 
flail  mower  operate  beneath  a  chamber,  it  is  considered  to 
be  the  safest  mower  in  the  Air  Force  inventory.  A  cutter 


bar  mower  is  designed  for  high-speed  cutting  when  uRftd 
in  the  open  field.  Because  of  the  flexibility  in  the  cutter 
bar,  it  is  adaptable  for  cutting  along  fences,  ditch  banks, 
and  other  rough  areas.  The  cutter  bar  mower  is  bolted  to 
the  ft^e  beneath  the  tractor,  and  is  positioned  and 
controlled  with  the  hydraulic  system.  When  cutting  along 
fence  lines  or  drainage  ditches  with  the  cutter  bar  mower, 
it  is  best  to  operate  the  tractor  in  first  gear  and  never  faster 
than  second  gear.  The  cutter  bar  mower  is  a  dangerous 
piece  of  equipment.  Never  approach  the  cutter  bar  or 
handle  it  unless  it  is  disengaged. 

Exercises  (E61): 

1.  State  the  most  modem  and  convenient  method  for 
mounting  equipment  to  an  industrial  tractor. 


2.  Which  link  adjustment  is  used  to  level  or  position  the 
equipment  when  a  three  point  hitch  is  mounted  to  a 
tractor? 


3.  State  the  purpose  of  the  PTO  located  on  the  tractor. 


4.  What  two  safety  precautions  must  you  observe  to 
when  operating  a  tractor  with  a  PTO  attached? 


5.  Name  the  three  hydraulic  controls  used  with  the 
three-point  hitch. 


6.  Name  three  attachments  used  with  the  three  point 
hitch. 


6-7.  Water  Distributors 

Water      distributors       are      truck  or 

trailer-mounted — tanks  with  a  spray  bar  for  sprinkling  dry 
soil  so  that  it  will  compact  well.  They  are  also  used  for 
storing  water,  hauling  water,  and  washing 
equipment — anything  that  calls  for  water.  This  vehicle  is 
commonly  called  a  water  truck.  It  is  equipped  with  an 
auxiliary  engine  for  pumping  water  from  a  stream  into  die 
tank.  The  same  engine  can  be  used  to  pump  water  out  of 
the  tank,  under  pressure,  through  the  spray  bar.  The  water 
will  also  flow  through  the  spray  bar  by  gravity — it's  just  a 
little  slower  this  way.  This  water  can  be  pumped  out  of  the 
tank  at  other  places  besides  the  spray  bar.  It  depends  on 
the  use  you  are  making  of  the  water. 
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Figure  6-23,  Reel-type  nwwer. 
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E62.  State  how  to  Oil  the  Unk  and  tpectfy  the 
procedures  and  safety  actors  Involved  in  the  operation 
of  the  truck. 

Fttling  the  Tank.  The  first  task  in  operating  a  water 
tnick  (fig.  6-27)  is  to  fill  the  tank.  For  normal  operation  on 
a  base  with  fire  hydrants,  you  connect  a  firehose  onto  the 
hydrant  and  fill  die  truck  from  the  hydrant.  Be  sure  that 
t^  hose  won* t  come  out  of  the  tank  when  you  turn  on  the 
water.  You  can  do  this  by  putting  several  feet  of  die  hose 
in  fhe  tank,  having  someone  hold  the  hose  in  the  tank,  o&- 
by  tying  the  hose  to  the  tank  near  the  opening.  Use  a 
special  hydrant  wrench  to  turn  the  water  on.  If  you  use  a 
pipe  wrench  or  otiber  common  wrench,  you  will  round  the 
comers  of  die  three-comexed  hydrant  cock. 

If  you  must  haul  a  large  amount  of  water,  a  fill  station 
should  be  set  up  to  reduce  loading  time.  A  typical  fill 
station  consists  of  a  pole  set  in  the  grcmnd  near  a  hydrant 
(fireplug)  and  a  pipe  connected  to  the  hydrant  (fig.  6-28 


illustrates  a  typical  setup).  The  pipe  is  str^yped  to  the  pole 
for  stability  and  to  protect  die  pipe  from  accidental 
damage,  llie  pipe  has  a  short  piece  of  firehose  at  the  e^dt 
end  to  allow  a  truck  to  pull  under  the  pipe.  The  firehose 
then  can  be  put  easily  into  the  water  tank  for  filling .  When 
you  are  wodrking  in  the  field,  you  can  set  up  a  system 
similar  to  the  one  just  described  near  a  stream  or  lake.  Use 
die  gasoline  engine-powered  pump  to  fill  the  water  tanks. 

Driving  tlie  Trade.  A  word  of  caution  when  operating 
a  tank  truck.  You  must  be  very  careful  while  operating  die 
truck  when  die  tank  is  not  completely  full.  The  reason  is 
that  ballast  plates  inside  the  tank  normally  are  designed 
only  to  reduce  water  movement  forward  and  backward.  If 
you  make  a  sudden  turn,  die  water  sloshing  from  side  to 
side  may  cause  you  to  loose  control.  The  vehicle  can  tip 
over. 

The  factor  most  inqx>rtant  in  determining  how  well  a 
soil  can  be  compacted  is  die  degree  of  moisture  in  the  soU. 
Sprinkling  soil  so  that  it  will  compact  well  requires  that 


you  sprinkle  slowly  to  allow  the  water  to  soak  in  instead  of 
running  off.  Sprinkling  behind  a  sheepsfoot  roller  will 
also  prevent  the  water  from  ninning  off.  The  depressions 
made  by  the  roller  feet  will  retain  the  water  so  that  it  will 
soak  in.  Sprinkle  just  enough  water  so  that  the  soil  *will 
compact  well.  You  can't  compact  mud  any  better  than 
you  can  dust. 

1.  Explain  the  procedure  for  filling  the  tank  of  a  v/ater 
truck. 


Explain  the  danger  in  operating  a  tank  truck  when  the 
tank  is  not  completely  full. 


4.  State  the  most  important  factor  in  determining  how 
well  the  soil  can  t>e  compacted. 


2.  If  you  are  to  haul  water  for  long  distances,  you  should 
set  up  a  fill  station.  What  does  a  typical  fill  station 
consist  of? 


S.  Explain  the  procedure  in  the  use  of  the  water  tnick 
when  compacting  soil. 
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ANSWERS  FOR  EXERCISES 


CHAPTER  1 


501  -  L 


First  aid  measures  for  injuries  such  as  fractures  and  chest 
wounds,  for  emergencies  such  ks  drowning  end  electric 
shock,  and  for  common  emergencies  such  as  minor  wounds 
and  unconsciousness.  You  should  learn  as  much  as  you  can 
about  first  aid  measures  for  sickness  and  injury  resulting 
firom  indui^Kal  toxic  substances. 
BOl  -  2.  Observations  of  the  plans,  soles,  nail  beds,  mucous 
ntembranes  of  the  lips  and  mouth,  and  mucous  membrane 
which  lines  the  eyelids  and  is  reflected  onto  the  eyeball. 
-  3.  Know  what  to  do  acd  what  not  to  do. 


BOl 
B02 


The  four  lifesaving  steps  are:  assure  breathing,  stop  the 
bleeding,  protect  the  wound,  and  prevent  or  treat  shock. 
F(92  -  2.  Pulling  clothing  over  the  wound  increases  the  danger  of 
infection,  and  moving  the  wounded  part  may  make  the 
wound  worse,  as  well  as  cause  needless  pain. 

B03-1.  True. 

B03-2.  Tkue. 

B03-3.  Tnie. 

B03-4.  Tnie. 

£03  -  3.  False.  The  sword-swallov  ing  position  means  the  victim's 

chin  and  neck  are  stretched  away  from  his  chest. 

B03-6.  Tnic. 

BC^-i-?.  True. 

BM-l.     (I)a,  C. 

(2)  b.  A. 

(3)  a,  C. 

(4)  b,  B. 

(5)  c,  A. 
W  c,  A. 

(7)  b,  A. 

(8)  c,  A. 

(9)  a.  B. 
(10)  c,  A. 

1 .  You  dress  a  wound  to  reduce  bleeding  and  to  protect  it  from 
infectioo  and  further  injury. 

2.  AdKtssingisapackorpadding  placed  directly  on  the  wound. 

3.  A  bandage  is  the  material  you  use  to  hold  a  dressing  in  place 
or  create  pressure  to  stop  the  blood  flow. 

1.  Thie. 

2.  Tnie. 

3.  False.  Cold  and  clammy  skin  is  indicative  of  shock. 

4.  Tnie. 

5 .  False .  Wine  is  alcoholic ,  and  alcoholic  beverages  should  not 
be  given  to  any  injured  person. 

-  6.  True. 
-7.  Tnie. 

-  8.  False .  You  treat  for  shock  whenever  the  symptoms  appear.  If 
they  don't  appear,  you  st^rt  treating  to  prevent  shock,  after 
assuring  breathing  and  stopping  the  bleeding. 


BOS- 

B05- 


B06- 
B06- 
B06- 
B06- 
B06- 

606- 
B06< 
B06 


B07-  1 


(1)  a. 

(2)  b. 

(3)  c. 

(4)  d. 

(5)  c. 


E08-1.  Tnie. 

E08  -  2.  Tnie. 

BOS  -  3,  Tnie. 

BOB  -  ^  False.  Change  **stroke*'  to  **e3diaustion.** 

BOS  -  5.  True. 

BOS -6.  False.  Change  **6**  to  **12.*' 

BOS  -  7.  Tnie. 

B08-8.  Tnic. 

BOS  -  9.  •  False.  Change  **when  he  or  she  regains  consciousness**  to 
•*at  once." 

B09-1.  Tnie. 

B09  -  2.  Tnie. 

E09-3.  Tnie. 

E09-4.  Tnie. 

E09-5.  Tnie. 


CHAPTER2 

B10~l.  Tnie. 
BIO  -  2.  Tnie. 
BIO  -  3.  Tnie. 
BIO  -  4.  Tnie. 

'   Bll  -  1.      Infection  is  the  invasion  of  a  person's  body  by 
disease-producing  organisms. 
Bll  -  2.    a.  Skin  and  mucous  membranes. 

b.  Cellular  system  (lymphatic  system). 

c.  Blood  system. 


B12- 

1. 

True. 

B12- 

2. 

True. 

B12- 

3. 

True. 

B12- 

4. 

True. 

B12- 

5. 

False.  Delete 

B12- 

6. 

True. 

B12- 

7. 

True. 

B13- 

2. 

(1)  c,  B. 

Insen  '*a  toothbrush  alone. 


(2)  a»  E. 

(3)  b,  D. 

(4)  d,  A. 


B14-  1. 


B14-2. 


B15-  1. 
B15  -  2. 
B15  -  3. 
B15-4. 
B15-5. 


4. 
2. 
1. 
3. 


Iodine  tablets;  calcium  hypochlorite  ampules. 

b.  Calcium  hypochlorite. 

c.  Twenty  minutes  after  mixing. 

d.  One  canteen. 


B16-  1. 


Tnie. 

False.  Change  **is  not"  to  **i8." 
False.  Change  **are  suitable"  to 
True. 
True. 

1.  c. 

2.  d. 

3.  a. 

4.  e. 


'are  not  suitable." 
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CHAPTERS 

B17  -  1.    CooceAlment  from  dijnoct  and  indirect  obseivation. 
B17«2.  Hiding. 
B17  «  3.  Deceiving. 

B17  «  4.    Choice  of  poaitiua,  canoouflage  discipline,  and  csmouflagc 

cooatxuction. 
B17  -  5.    Noise  and  light  disctpUne. 

B18  -  1.  Burnt  cork,  charcoal,  lampblack,  and  mud. 

B18  -  2.  P>^t*  bands,  and  helmet  coven. 

B18  -  3.  The  potitioa  of  the  enemy  fom. 

B18  -  4.  Through  use  of  camouflage  nets. 

B19-1.  Cover. 

B19  -  2.  Concealment. 

B19-3.  Uwboth. 

B20-  L  Rushing  is  a  technique  where  you  start  &om  the  prone 
potitioa  or  cover,  pick  a  location  to  move  to,  and  quickly  get 
up  and  run  to  that  position. 

B20  ~  2.  The  low  crawl  is  pushing  and  pulling  yourself  along  the 
ground  with  your  weapon  lying  across  your  arm  and  your 
bead  low  to  the  ground;  the  high  crawl  allows  you  to  hold 
your  head  up  and  cany  your  weapon  across  your  arms  in  front 
of  your  body. 

B20  -  3.  xo  walk  at  night,  you  lift  your  legs  high  and  come  down  on 
your  toes. 

E21  -  1.  Part  of  your  force  OMves  forward  10  to  15  meters  at  a  time 
while  the  remainder  of  tlie  force  lays  down  cover  fire. 

E21  -  2.  The  only  difference  between  individual  and  team  fire  and 
movement  is  ih^:  tlie  number  of  people  moving  atone  time  u 
greater  with  team  movement. 

B22  -  1.    To  advance  oo  a  hostile  position  and  gain  a  position  close 

enough  to  be  able  to  conduct  an  assault. 
B22  -  2.    To  lay  down  sufficient  fire  on  the  hostile  position  to  provide 

an  effective  cover  for  the  maneuver  echelon. 

B23  -  1 .   a.  To  observe  a  large  area  for  enemy  activity. 

b.  To  specifically  locate  enemy  activity  as  you  move 
through  an  area. 

c.  To  observe  a  single  point  and  record  information 
concerning  enemy  activity. 

B23-2.   (1)  b. 

(2)  0. 

(3)  c. 

(4)  0. 

(5)  a. 

B24  -  1.    a.  Destroy  a  moving  or  temporarily  halted  target. 

b.  Attack  and  destroy  an  enemy  position  and  then  withdraw. 

c.  Move  into  an  area,  destroy  orremove  the  enemy,  and  hold 
the  territoiy. 

d.  Screen  or  cover  the  flanks  of  a  position,  area,  or  route. 

e.  Establish  a  road  block  to  prevent  enemy  movement  or 
reinforcement,  seize  key  terrain  to  prevent  enemy  use,  or 
act  as  a  blocking  force. 

B24-2.  (I)  d. 

(2)  a. 

(3)  0. 

(4)  b. 

(5)  e. 
W  c. 

B25  -  1 .   a.  Preparation — gather  intelligence  and  plan  counterattack. 

b.  Fire  and  maneuver — depart  the  line  of  departure  and 
maneuver  under  cover  fire  to  the  final  coofdination  line. 

c.  Assault— cover  fire  is  shifted  away  from  the  maneuver 
echelon  as  they  stand  aix!  assault  the  hostile  position, 
retake,  and  secure  the  position. 

B26-l>  Men  in  kill  zone  assault  the  ambush  position.  Men  not  in  kill 
zone  maneuver  against  the  ambush  fbrce.  Riii«in«^  the 
ambush  or  break  contact  as  directed. 


B26  -  2.  Men  in  kill  zone  return  fire  and  lake  available  cover.  Men  M 
in  kill  zone  maneuver  against  the  ambush  force.  Eliminate 
the  ambush  or  break  contact  as  directed. 

£17  -  1 .    To  iruure  that  all  hostile  forces  have  tied  or  been  neutraliiod 

and  all  boobytraps  found  and  disarmed. 
E27  -  2.    Areas  and  buildings  previously  held  by  an  enemy  are  taken 

from  enemy  control  and  nude  available  for  occupatioo  by 

friendly  forces. 

B27-3.  Enter  building  from  top;  search  and  clear  from  top  to  bottom. 
B27-4.    Enter  on  second  floor,  search  and  clear  second  floor,  proceed 

to  top  of  building  arxS  search  and  clear  dcwn. 
E27  ~  5.    Reccmnaissance  in  force,  flight  size. 
E27  —  6.    Rmiu,  squad  size. 

E28^1.  No. 
E28  -  2.  Yes. 
B2«  ^  3.  Yes. 

E29-i.  d. 
B29-2.  c. 
E29~3.  b. 
E29-4.  e. 
E29~S.  a. 

B30  -  1.  b.  To  break  up  enemy  attack  formations  and  to  hold  or 
channel  the  enemy  in  areas  covered  by  your  most 
intensive  fire. 

B30— 2.  c.  To  camouflage  the  position  of  your  primary  wire  bsrriers 
and  to  cotmect  barriers  surrounding  your  defensive 
positions. 

E30~  3.  a.  To  preveut  surprise  assaults  from  points  close  to  your 
defensive  area. 


B31-1. 
B31-2. 
B31-3.    b,  e. 
B31~4.  e. 
B31-S. 
B31-6. 
E31-7. 
B31-8. 
B31-9. 
B31  -  10.  c. 
B31-11.  t» 


c. 
g 


d. 
e. 
f. 
e. 
a. 


CHAPTER4 


B32  —  1 .       Motor  colunrm  in  which  e  prescribed  space  between 
vehicles  is  maintained,  regardless  of  speed. 

b.  Time-distarkce  graph  used  in  planning  and  controlling 
motor  marches. 

c.  Major  subdivision  of  a  motor  cdunm,  consisting  of 
elements  from  one  area  to  the  same  destination. 

d.  Number  used  to  multiply  the  speedometer  reading  to 
determine  vehicle  distance  in  yards. 

e.  Time  required  for  a  motor  column  to  move  a  certain 
distance  at  a  given  rate  of  speed. 

f .  Number  of  vehicles  passing  a  given  point  within  a  given 
time  period. 

g.  A  convoy  of  general-purpose  vdiicles  which  do  not 
exceed  legal  limitations  and  which  are  not  canying 
hazardous  cargo. 

h.  A  convoy  of  vehicles  exceeding  legal  size  limitations  or 
traveling  at  unusually  slow  speed. 

B33  ~  1 .  The  anxwnt  and  typt  of  cargo  that  is  to  be  moved. 

B33  ~  2.   It  is  used  to  gather  information  concerning  the  route  and  the 

adjacent  areas  for  planning  the  move. 
B33  ~  3.   Number  and  type  vehicles  needed. 
E33  ~  4.   Maps;  forecasters;  fuel  (or  repairs.  raM^yns,  water);  points  (or 

bottlenecks). 

B34  ~  1 .  Base  transportation  officer  in  coordination  with  the  security 
police  ofRcer. 
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EM  -  2.    Security  oiticer. 

B34  ^  3.    Tbe  American  Tmcldng  AssocUUoq,  Inc. 

B34~4.     Sute,  IocaI  miliury,  «ad  Director  of  TransporUtion, 

Headqiuuten  USAF. 
B34  -  S.    DD  FanM  \7M  and  1266. 

B35-1.    Vehicle  tpKing. 
B35  -  2.    Cloce  column  march. 
B3S  "  3.    Open  column  march. 

B3S  -4.  Because  to  an  enemy  observer,  the  naove  looks  like  onlmary 
traffic  flow. 

B35  -  S.  (1)  Requires  the  greatest  amount  of  time  to  complete  a 
move. 

(2)  Internal  control  of  (he  column  is  difficult. 

(3)  Usually  requires  more  detailed  briefing  of  cVivers. 

(4)  Maintenance,  refueling,  and  messing  are  sometimes 
difficult  to  arrange. 

(5)  Tactical  employment  of  unit  may  be  difficult  during 
march. 

B36-  1.    60  miles. 
B36-2.    1100  hours. 
B36-3  uaohoun. 
B36-4.    7  3>iles. 
B36  -  S.   Jackson  Heights. 

B37  -  1 .  A  coovoy  of  two  vdiic!es  would  have  more  than  one  function 
perfonned  by  each  vehicle.  Normally,  both  vehicles  are 
load-canying  and  would  constitute  tbe  main  body.  The  lead 
vehicie  carries  the  individual  in  chaige  (head),  and  t^^ 
second  vehicle  would  act  as  tbe  trail. 

B37  -  2.  A  detached  party  operates  apart  from  tbe  column  and 
performs  special  duties  in  advance  of  or  following  tbe 
convoy. 

B37  -  3.  The  head  of  die  convoy  follows  the  prescribed  route ,  checks 
in  at  scheduled  points,  receives  ofxlers  or  changes  in  ofders, 
issues  instxvctions  as  requked,  and  coocxlinates  with  civil 
authorities  along  the  route. 

B37  -  4.   The  pace  setter  (usually  slowest  vehicle). 

E37  -  5.  By  subdividing  the  convoy  into  serials  and,  where  necessary , 
march  units.  Each  of  the«e  has  a  commander. 

E37  -  6.   Tbe  l$th  vehicle  in  the  4ih  serial. 

E38  -  1.  Signs,  written  m.'^ssages  (delivered  by  messenger  or  guide), 
two-way  radios,  sounds,  aod  signals  (such  as  hand  and  arm 
signals). 

B38  -  2.   Written  message  or  two-way  radio. 
B38  -  3.    Signs  posted  on  rosdway. 

B39  -  1.  They  provide  for  periods  of  rest,  personal  comfbit,  and 
relief,  messing,  ref\ieling,  maintenance  and  inspection  of 
equipment,,  and  allowing  other  traffic  to  pass. 

B39-2.  They  should  be  scheduled  to  allow  10  minutes  rest  after  each 
1 10  minutes  of  driving  time. 

B39  -  3.  (I )  The  comfort  of  personnel  and  (2)  servicing  facilities  for 
vehicles. 
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Rcfamoe: 

E40  -  1.    (1)  f;  (2)  d;  (3)  h;  (4)  j;  (5)  b;  (6)  k;  (7)  e;  (8)  i. 

E41  -  1.  T. 

E4i  -  2.    F.  Large. 

E41-3.  T. 

E41  -  4.    F.  S  gallons  is  appropriate  for  a  temperate  zooe. 
E41-S.    F.  Increases. 

E42-  1.    Maik  the  can.  T.  cn  clean  and  disinfect  them  before  tbey  are 

used  to  ciMTy  potable  water  egsin. 
E42  -  2.    One  bag. 
E42  -  3.    By  evapocatioa. 

E42  -  4.    Treat  them  with  a  strong  chlorine  sohition  and  rinse  several 

times  with  potable  water. 
E42  -  5.    To  prevent  water  firom  collecting. 

E42  -  6.    Add  calcium  hypochlorite  ampules  until  the  prescribed 
residual  is  teached. 

c. 
a. 
c. 
a. 


E43-  t 
E43-2 
C43 
E43 
E43 
E43 

E43 


a. 

E43  -  8.  b. 

E44  -  1 .    Calcium  hypochlorite. 

E44  -  2.    Enough  to  fulfill  the  chlorine  Jemand  and  have 
chlorine  residual. 

E4S  -  1 .  1/4  gaUoo  per  minute. 

E45  -  2.  5. 

E4S  -  3.  It  must  be  disinfected. 

E4S  -  4.  S  ppm. 

E4S  -  S.  300  pounds. 

E45  -  6.  3. 

E4S  -  7.  30  minutes. 

B4S  -  8.  Octbotolidine. 

E4S  -  9.  It  is  equal  or  greater. 

E46  -  1.  (DC  I;  (2)  B;  (3)  B;  (4)  C,  I;  (5)  I;  (6)  C;  (7)  C;  (8)  B. 

E46  -  2.  FUel  is  needed;  long  time  required  for  water  to  boil  and  then 
cool;  no  procecdoo  from  reoontamination. 

E46  *  3.  Have  no  physical  changes;  must  be  steel  gray  in  color;  should 
not  be  stuck  together  or  be  cfumbled. 

E46-4.  ISsecoods. 

E4S  -  .5.    Medical  services. 

E47-  1.  Youshouldhavei^acedacheckmaric(l),(3),(S).(6),(7), 
(9),  (10),  (12),  (14),  (15),  and  (17). 
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H4^  -  2.  Effluent;  distotnite. 

E4S  ~  3.  Aspinton  aeratss. 

E48  ^  4.  Ferric  chloride;  limestooe;  calcium  hypochlorite;  activated 

caibon. 

E4B  -  5.  Flat,  circular. 

E48  ~  6.  Baffles;  counter,  clarification. 

E4«  ^  7.  Slurry. 

E4a    8.  Separator. 

E4«  -  9.  Wet  well;  filter. 

E4«  -  10.  Sludge  cooccntrator. 

E4«-  11.  Gravity. 

E48  -  12.  Stopped. 

E43  -  13.  Incoming  supply. 

E4a  -  14.  Flocculent. 

E48  -  15.  Auxiliary. 

E48  -  16.  Upflow;  slurry. 

E4e-  17.  ManuaUy. 

E49  -  1.  Concentrated  diatomaceous  earth  sluny. 

E49    2.  Fffluent,  influent,  and  wash  ring. 

E49  -  3.  Influent. 

E49  -  4.  Filter  elements. 

E49-5.  Cylindrical  baffle. 

E49  -  6.  Plug;  flow;  gate;  drain  gate. 

E49  ~  7.  Influent. 

E49    8.  SheU  dome. 

B49  -  9.  By  2  pipes,  1  at  the  base  and  1  at  the  top. 

E49  -  10.  Plastic. 

E49  -  11 .  The  filter  shell  dome  and  lelease  value. 

E49    12.  Wires. 

E49-  13.  Filter. 

E49    14.  Influent;  effluent. 

E49  ~  15.  Filter  aid;  foreign  matter. 

E50-  1.  Pulverized  limestone,  activated  carbon,  diatomite  slurry, 
ferric  chloride,  and  calcium  hypochlorite  solutioo. 

E50  -  2.  Pulverized  limestone  to  the  eidlator  as  a  coagulant  aid; 

activated  carbon  to  the  erdlator  to  remove  taste  and  color. 


diatomite  slurry  to  the  suction  inlet  of  the  filter  pump  pumped 
to  the  filter  as  a  filto^  aid;  ferric  chloride  in  the  mixiiig  zone  of 
the  erdlator,  serving  as  a  coagulant;  calcium  hypochlorite 
solution  in  the  mixing  zone  of  the  erdlator,  serving  as  a 
disinfectant. 

E51  -  1.    (1)  e;  (2)  f;  (3)  d;  (4)  a;  (5)  c;  (6)  b;  (7)  g. 


ES2- 

E52. 

B52 

E52. 

E52 

E52 

E52 

E52 

E52 

B53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
E53 
B53 
E53 
E53 


-  1 .  Only  if  you  are  a  member  of  the  advance  party. 

-  2.  50  feet  or  less. 
-3.  X. 

-4.  X 

-  5.  X. 

-  6.  The  n;w  water  source  should  not  be  near  a  latrine. 

-7.  X. 

-  8.  Should  be  on  planks  or  timbers. 

-  9.  Should  be  downstream. 

-  1.  B. 
-2.    B,  A. 
-3.  B. 
-4.  B. 
-5.    B,  A. 
-6.    B,  A. 
-7.  B. 
-8.  B. 
-9.  B. 

-  10.  B. 

-  11.  B. 
'  12.  B. 

-  13.  D. 

-  14.  D. 

-  15.  D. 

-  16.  A. 

-  17.  B,  A. 

-  18.  A. 

-  19.  A. 
-20.  A. 
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STRAINER 

RAW  WATER  PUMP 

RUBBER  PAILS 

CHEMICAL  SOLUTION  FEEDER 
ERDLATOR  TANK 
fK)WNCOMER 

SLUDGE  CONCENTRATION  TANK 
WET  WELL 


9 
10 
11 
12 
13 
14 
15 


DIATOMITE  FILTER 

FIRST  FILTERED  WATER  STORAGE  TANK 
SECOND  FILTERED  WATER  STORAGE  TANK 
DISTRIBUTION  PUMP 
DISTRIBUTION  NOZZLE 
FILTER  WASTE  WATER  HOSE 
ERDLATOR  TANK  WASTE  WATER  HOSE 

CNO-Olt 


Figure  2.  Answer  for  objective  E59,  exercine  1. 


E54  ~  2.    Stnincr.  Renx>ves  Urge  paiticles  of  foreign  matter  from  raw 
water. 

Raw  water  pun^.  Supplies  raw  water  from  source  to  unit. 
Rubber  pails.  Contain  ferric  chloride  and  calcium 
hypochlorite  solution  for  coagulation  and  disinfection. 
Chemical  solution  fc<^.  Two  paxnp%  operated  through  a 
gearbox  by  one  nxHor;  chemicals  pumped  from  rubber 
buckets  to  the  mixing  zone. 

fiidlator  tank.  Where  the  oiiung  and  purification  takes  place. 
Downcomer.  Mixing  zone. 

Sludge  ooooentration  tank.  Fbnctioiu  as  a  small  auxiliary 
clarifier. 

Wet  well.  Provides  limited  storage  of  coagulated  water  and  £55 
serves  u  a  sump  for  the  filter  pump. 


Diatomite  filter.  Filters  suspended  solids  from  water. 
First  filtered  water  stonge  tank.  Stotes  treated  water  for 
future  use. 

Second  filtered  water  storage  tank.  Same  u  first  tank. 
Distribution  pump.  Gasoline  engine  driven;  supplies 
waterflow  to  users. 

Distribution  ixnzle.  Similar  to  gasoUne  puitip  nozzle  used  to 
dispense  water. 

Filter  waste-water  hose.  Provides  path  for  waste  water  from 
filter,  and  is  placed  downstream  from  intake. 
Erdlator  tank  waste-water  hose.  Provides  path  for  waste 
water  from  erdlator,  also  placed  downstream  from  intake. 

-  1.    You  should  have  phKed  a  checkmark  beside  (1),  (3).  (4), 
(6),  (8),  (10),  and  (11)  through  (15). 
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CHAPTER  6 


1 

1  * 

B56-> 

2. 

Chock  data  pUta  oo  diih. 

BS6- 

3. 

Eagace  tfao  dutch,  and  pull  PTO  Uvcr  toward  leat. 

BS6- 

4. 

A  Uffa  hydnuUo  jack. 

B57- 

1. 

Groaaed. 

B57- 

2. 

2V$  CO  10  toot;  18  CO  40  feet  kng  and  8  Co  10  feet  wide. 

B5/  - 

3. 

Lower. 

B57- 

4. 

To  block  the  trailer  whoalt  wldi  woodblocka. 

B58  - 

Floor  ^tsgrtng  witn  limstsa  visituuty. 

B5o  - 

2. 

Mamuaciufar  •  tpectncaoon>. 

B59- 

1. 

Innira  stability. 

B59- 

2. 

Load  binden. 

Bd9- 

3. 

4. 

B60"- 

1, 

ILfnva  it  ftflUil  with  thfi  ofoimd  with  tha  cnittinff  Mlafi 

ftlHmmlfio  llm  ■uvCbmi  u/IiIIji  mnvlffiD  lAAtflAr  fn>wfrf  lif  ftlnwi 

mm UIllllIllH  ion  MinBIM  WUIMJ  lUUvUm  tV^BIWI  l^VwWu  M  MUW 

mmmI*  ii*^wi>a«Ji  BttiMaf  SA  tli*  cuftlntf  MinM  fvw%tAc*4*  ilm  KmiIt  or 

■tndmllA   XhM%  ralaii  ftiwl  mil  ilm  tiiv*]rMf  Kr^lr  fn  nanvimt 

MlW^fl^nSV.    B  UBU  lai^v  mm  IVU  UJD  %KmimlO%  IMKK  W  |m*T«lM 

B60- 

2. 

1  i^irfntinj;  '^'^  hi!  iia^  ffw  inf^4inj    ffitfaw  a  wg^iy  ^wicfcet 

by  driving  into  the  itockpUe  or  by  u«o  of  tbe  ciamahell 

aogagad  to  tbe  doxer  poaitioQ.  Bsccavatlttg ;  it  can  bo  uted  to 

digorejicavata.  Start  by  leveling  tbe  bucket  with  tbe  ground, 

tbeo  drive  forward  and  tilt  bucket  forward  uatU  it  peoetratM 

the  ground  and  bucket  is  filled. 

B60- 

3. 

One  set  oootrols  tbe  bucket;  tbe  other  oontrds  tbe  engine, 

tnnsmiasioo,  and  brakes. 

B60- 

4. 

One  is  used  to  raise,  hokl,  lower,  and  float  tbe  bucket;  one  to 

tilt  the  bucket  or  forks;  and  one  to  open  and  close  the 

clamshell. 
B60-5.  Dozer. 
E60  -  6.  damshell. 

B60  -  7.   In  aoft  to  medium  materials,  and  when  working  oo  flat, 

smooth,  surfaces  with  proper  spaoe  to  maneuver. 
E60  -  8.   It  is  affixed  to  the  boom. 

B61  -  1.  Tbe  tbm-pc^t  hitch,  which  piovidas  tbfee  sepanrte  points 

at  which  an  attachment  is  oocmected. 
E61  -  2.    The  upper  link  a4justment  and  the  right  lower  link 

a4iustment. 

B61  -  3.   It  provides  oporating  power  from  the  tractor  eagina  to  the 

mom^^iftd  or  attarhftd  equipment. 
E61  -  4.   Never  engage  the  FTO  unless  FTD-driven  equipment  is 

attached.  Never  step  down  from  the  tractor  until  after 

disengaging  tlw  FTO. 
E61  -*  5.   Draft,  poaitioo,  and  re^ocse  ccstrcls. 
B61  -  6.   Plows,  harrows,  and  mowers. 

E62-  1.  For  Donnal  openttioo  on  a  base  with  fira  hydrants,  you 
coimect  a  fire  hoae  onto  the  hydnuit,  dm  put  aavical  fbet  of 
boae  in  the  tank  and  tie  it  or  have  someone  hold  it,  and  then 
use  a  wrench  to  turn  water  oo. 

B62-2.  Apt^MtittrtMigf«Mfiilgw>frtMittyrf>«itf,aplp^^|^^ 

the  hydrant,  and  the  pipe  strapped  to  the  pole. 
E62-  3.  If  you  make  a  sudden  tnm,  the  water  Bloshlng  from  side  10 

aide  may  cause  the  truck  to    over ,  because  tbe  ballast  plaM 

are  normally  designed  only  to  lednoa  water  movement 

forward  and  baokwaid. 
B62  -  4.  The  degnso  of  moisture  in  the  soil. 
B62-5.   Sprinkle  water  alowly  so  that  it  will  soak  histead  of  lunnhig 

off  and  apply  Just  enough  so  tfut  the  soU  will  oompaot  well. 


^  U.S.  oovcmnmcnt  FfiiNTiNa  owwte€'.  1965—54^-006/20200    Rtfilon  J'U 
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STOP-         1.     MArCH  ANSWER  SHEKT  TO  THIS  EXEJRCISE  iJUMBER, 
2.     USE  NUMBER  2  PENC  L  ONLY, 

EXTENSION  COURSE  INSTITUTE 
VOLUME  REVIEW  EXERCISE 

56650  08  21 
GENERAL  CONTINGENCY  RESPONSIBILITIES 

Carefully  road  the  following: 
DOVs: 

1.  Check  the  "course,"  "volume,**  and  "form"  numbers  from  the  answer 
sheet  address  tab  against  the  "VRE  answer  sheet  identification 
number"  in  the  righthand  column  of  the  shipping  list.  If  numbers  do 
not  match,  return  the  answer  sheet  and  the  shipping  list  to  ECI 
immediately  with  a  note  of  explanation. 

2.  Note  that  item  numbers  on  answer  sheet  are  sequential  in  each 
column . 

3.  Uso  a  medium  sharp  #2  blaok  lead  pencil  for  marking  answer  sheet  . 
^.     Write  thp     correct  answer     in  the    margin  at     the  left     of  the  itc*m. 

(When  you  review  for  the  course  examination,  you  can  cover  your 
answers  with  a  strip  of  paper  and  then  check  your  review  answers 
against  your  original  choices.)  After  you  are  sure  of  your  answers, 
transfer  them  to  the  answer  sheet.  If  you  have  to  change  an  answer 
on  the  answer  sheet,  be  sure  that  the  erasure  is  complete.  Use  a 
clean  eraser.  But  try  to  avoid  any  erasure  on  the  answer  sheet  if 
at  all  possible. 

Take  action  to  return  entire  answer  sheet  to  ECI. 

6.     Keep  Volume  Review  Exercise  booklet  for  review  and  reference. 

mandatorily    enrolled     student,     process    questions  or  comments 

through     your     unit     trainer     or    OJT     supervisor.         If  voluntarily 

T^^«.^"'^°"^"^^  student,  send  questions  or  comments  to  ECI  on  ECI  Form  17. 
DON ' Ts : 

1.  Don't  use  answer  sheets  other  than  one  furnished  specifically  for 
each  review  exercise. 

2.  Don't  mark  on  the  answer  sheet  except  to  fill  in  marking  blooks. 
Double  marks  or  excessive  markings  which  overflow  marking  blocks 
will  register  as  errors. 

3.  Don't  fold,  spindle,  staple,   tape,  or  mutilate  the  answer  sheet. 
^.     Don't  use  ink  or  any  marking  other  than  a  #2  black  lead  pencil. 
NOTE:     NUMBERED  LEARNING    OBJECTIVE  REFERENCES    ARE  USED    ON  THE  VOLUME 

REVIEW  EXERCISE.  In  parenthesis  after  each  item  number  on  the 
VRE  is  the  Learning  Ob.lective  Number  where  the  anower  to  that 
item  can  be  located.  When  answering  the  items  on  the  VRE,  refer 
Learning;  Objectives  indicated  by  these  Numbers.  The  VRE 
results  will  be  sent  to  you  on  a  postcard  which  will  list  the 
^^^^^^^^  items    :iou  missed.      Go  to  the  VRE  booklet  and  locate 

tho  Learning  Ob.lectlve  Numbers  for  the  Items  missed.  Go  to  the 
text  and  carefully  review  the  areas  covered  by  these  references. 
Review  the  entire  VRE  again  before  you  take  the  closed-book 
Course  ^examination . 
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MULTIPLE  CHOICE 


Note  to  Student;     Cc  jider  all  choices  carefully  and  select  the  best 

ar   ^er  to  each  question • 

1.  (E01)  As  it  pertains  to  administering  first  aid,  which  on<i  of 
the  following  statements  is  incorrect? 

a.  First  aid  refers  to  the  treatment  given  the  sick  and  injured 
before  a  trained  individual  can  administer  medical  treatment. 

b.  In  administering  first  aid,   it  is  alright  to  attempt  treatment 
that  may  be  beyond  your  skill. 

c.  In  administering  first  aid,   it  is  important  to  know  what  to 
do  and  what  not  to  do . 

d.  A  person  administering  first  aid  deals  with  the  whole  situation. 

2.  (202)  Of  the  four  lifesaving  steps  applicable  to  administering 
first  aid,  which  one  of  the  four  should  be  taken  first? 

a.  Protect  the  wound.  c.     Clear  the  airway. 

b.  Stop  the  bleeding.  d.     Treat  for  shock. 

3.  (E03)  As  it  pertains  to  administering  first  aid,  which  of  the 
following  statements  is  incorrect? 

a.  When  a  victim  is  unconscious  their  Jaw  muscles  will  relax 
and  sometimes  allow  the  tongue  to  roll  backward  and  block 
the  throat . 

b.  Usually  you  have  to  drive  your  fingernails  into  a  victim's 
tongue  to  hold  it  firmly. 

c.  You  must  use  extreme  care  in  removing  obstructing  matter  from 
a  victim*s  airway. 

d.  When  someone  stops  breathing  you  must  establish  and  open  an 

airway  at  once. 

4.  (EOU)  Usually,  a     tourniquet  would  be  used  to  control  which  type 
of  bleeding? 

a.  Venous.  c.  Capillary. 

b.  Arterial.  d.     All  of  the  above. 

5.  (E05)  To  insure  that  you  do  not  contaminate  a  wound, 

a.  probe  the  wound  for  frc\gments,  apply  a  sterile  dressing,  and 
use  a  bandage  to  hold  the  dressing  in  place. 

b.  don't  touch  the  wound,  apply  a  sterile  dressing,  and  use  a 
bandage  to  hold  the  dressing  in  place. 

c.  tear  up  your  undershirt  for  a  bandage  and  apply  it  directly 
to  the  wound. 

d*     any  of  the  above  actions  are  acceptable. 


56650  08  21 


■    afrca"^aUv°Lru:tL°;^r"^  '^'^'^'^  administered  in 

h'     Ifnn\5°^f^"°^-  °-     R'^store  breathing. 

b.     Stop  the  bleeding.  d.     Apply  bandages  and  dressings. 

i^'^i"^*'^?!]  ^'^^^^  ^  i"to  the  final  stages 

Oi   deep  shock  would  be  that  he  or  she  is  -  i-ages 

a.  gasping  for  air.  c.     retching  and  voml.ing. 

b.  excessively  thirsty.  d.     listless  and  apathetic. 

(E07)  W'.ich  method  is  best  for  transporting  a  victim  a  short 
distance  when  you  are  alone  and  are  not  expcsed  to  gunfire? 

a.  Litter  carry.  c.     Fireman's  carry. 

b.  Two-hand  carry.  d.     Pistol  belt  drag. 

HTlrHl  ^2!  ^^eat  conditions,   which  one.   if  any,  is 

trie  most  severe?  *^ 

a.  .  Heat  stroke.  c.     Heat  exhaustion. 

b.  Heat  cramps.  d.     All  are  about  tne  same. 

(E08)  Which  one  of  the  following  first  aid  measures  is  applied 
i?ct?msr^^'°^"''  °^  exhaustion,  and  heat  cramp 

a.  Massage  the  affected  area. 

b.  Give  the  victim  water  containing  salt. 

c.  Immerse  the  body  in  the  coldest  water  possible. 

d.  Immediately  transport  the  victim  to  the  nearest  medical  facility. 

IT^II  ?^  following  cold  weather  injuries,  which  one  is  considered 

to  be  the  most  severe? 

a.  Snow  blindness.  c.     Trench  foot- 

b.  Immersion  foot.  d.  Frostbite. 

(E09)   In  a  frostbite  situation,   if  your  body  part  has  been  numb 
for  only  5  to  10  minutes  you  should 

a.  report  to  the  nearest  medical  facility. 

b.  place  the  affected  area  in  cold  water. 

c.  treat  yourself  for  skin  frostbite. 

d.  rub  or  massage  the  affected  area. 

brelter""^  ^^""^        ""^^  ^^"^^^  recommended  food  groups  should 

I'     ^^ily-  c.  monthly. 

.     weekly.  ^^^^  ^^^^  offered. 
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(E11)  The  third  line  of  defense  that  your  body  provides  to  combat 
infection  is  your 


a. 


b. 


skin, 
blood. 


d. 


c. 


mucous  membranes, 
lymphatic  system. 


15.  (E12)  Clothing  that  cannot  be  washed  should  be  hung  in  the  sun 
to 

a.  reduce  wrinkles. 

b.  fade  the  material. 

c.  brighten  the  material. 

d.  combat  the  presence  of  disease  germs. 

16.  (E13)  What  is  usually  the  cause  of  ingrown  toenails? 

a.  Improper  toenail  cutting.      c.     Socks  are  too  large. 

b.  Socks  are  too  small.  d.  Fungus. 

17.  (E1^4)  Under  field  conditions,  water  must  be  certified  to  be  safe 
for  use  by 

a.  the  commander.  c.     medical  personnel. 

b.  the  base  engineer.  d.     sanitation  personnel. 

18.  (E14)  If  you  are  near  a  lake  in  a  field  situation  and  need  water, 
the  lake  water  can  be  used  for  drinking  purposes  if  you  observe 
which  of  the  following  precautions? 

a.  Skim  any  film  or  contaminates  from  the  surface,   fill  your 
canteen,  and  drink. 

b.  If  the  water  is  clear,  dissolve  one  iodine  tablet  in  a  canteen 
of  water,  and  drink. 

c.  If  the  water  is  clear,  dissolve  two  iodine  tablets  in  a  canteen 
of  water,  and  drink. 

d.  If  the  water  is  clear,  dissolve  one  iodine  tablet  in  a  canteen 
of  water  and  wait  20  minutes  before  drinking. 

19.  (El 5)  A  bulging  can  of  food  will  most  likely  indicate 

a .  contaminated  contents .  c .     rough  treatment . 

b.  an  overheated  can.  d.     poor  storage. 

20.  (E16)  How  deep  is  a  temporary  straddle  trench  latrine? 


a  • 


b. 


1  1/2  feet. 

2  1/2  feet. 


d. 


c. 


3  1/2  feet. 

4  1/2  feet. 
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(E17)  What  is  the  primary  disadvantage  of  indirect  observation? 

a.  It  is  costly  in  human  lives. 

b.  It  produces  a  record  of  the  area  observed. 

c.  It  is  far  reaching  and  covers  large  areas. 

d.  Photography  covers  a  short  period  of  time. 

(KIS)  If  you  should  be  surprised  by  the  light  from  a  flare, 

a.  run  for  the  nearest  cover. 

b.  drop  to  the  ground  and  remain  motionless. 

d'     rZlT        ^^^""^  "^^^  ^""'^  ^^^^  pointed  down  toward  the  ground, 
d.     freaze  in  place  and  look  toward  the  direction  of  the  flare 
to  detect  and  fire  on  any  enemy  movement. 

Inf?^-^"..^^  rushing  technique  of  moving  from  one  spot  to  another, 
What  as  the  maximum  distance  you  should  try  to  rush  at  one  time? 

a.  20  meters.  c.     10  meters. 

b.  15  meters.  a.     5  meters. 

(E21)  What  is  usually  the  safest  way  for  a  unit  to  move  when  it 
is  under  heavy  fire? 

a.  By  squads.  c.     In  groups  of  2  or  3. 

b.  As  a  unit.  d.     By  individual  movement. 

(E22)  When  dividing  your  force  into  a  base-of-fire  echelon  and 
a  maneuver  echelon,  the  two  factors  to  be  considered  are  the 

a.  situation  and  the  division  of  the  unit  so  as  not  to  disrupt 
the  integrity  of  its  elements. 

b.  element  of  surprise  and  the  time  of  day. 

c.  time  of  day  and  the  available  cover. 

d.  time  of  day  and  the  situation. 

(E23)  What  type  of  patrol  would  be  identified  with  the  assigned 

task  of  locating  specific  enemy  positions  and  reconfirming  previous 
data :  or- 

a.  Area  surveillance.  c.     Point  reconnaissance. 

b.  Area  reconnaissance.  d.     None  of  the  above  patrols. 

(E2'4)  Which  of  the  follwoing  combat  patrols  has  the  mission  of 
screening  or  covering  the  flanks  of  your  position  or  area? 

a.  EooncMQy  of  force  patrol.         c.     Security  patrol. 

b.  Search  and  clear  patrol.        d.     Ambush  patrol. 
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(E2^)  What  type  of  partol  would  best  be  utilized  to  act  as  a 
blocking  force  to  allow  a  major  effort  to  be  made  without 
lnt«^rference  at  another  location? 

a.  Economy  of  force  patrol.        c.     Ambush  patrol, 
b-     Security  patrol •  d.     Raid  patrol. 

(E25)  In  a  combat  assault,  the  "base"  man  is  used  for 

a*  acting  as  a  rear  guard. 

b.  assisting  in  the  evacuation  of  wounded. 

c.  giving  cover  fire  to  the  advancing  forces. 

d.  controlling  the  speed  or  direction  of  the  assault. 

(E26)  Of  the  examples  given  below,  identify  the  one  that 
differentiates  between  actions  to  be  taken  in  near  and  far  ambush. 

a.  Always  assault  or  att..ck  the  ambush  position. 

b.  Retreat  as  rapidly  as  possible  without  awaiting  orders. 
Those  personnel  not  in  the  kill  zone  maneuver  against  the 
ambush . 

The  attack  or  return  fire  is  continued  until  the  enemy  position 
is  destroyed  or  you  are  ordered  to  break  contact. 


c . 
d. 


(E27)  The  primary  objective  of  a  "search  and  clear"  operation 
is  to 

a*     Capture  enemy  hostages. 

b.  gain  control  of  enemy  territory. 

c.  obtain  usable  space  for  use  by  friendly  troops. 

d.  eliminate  hostile  forces  and  remove  booby  traps. 

(E27)  For  "search"  operations,   the  best  place  to  enter  a  building 

a.  from  the  top. 

b.  through  the  basement. 

c.  at  the  first  floor  level. 

d.  at  any  existent  middle  floor. 

(E27)  Whao  is  considered  to  be  the  key  feature  of  a  raid? 

a.  Complete  the  raid  and  slowly  withdraw  to  encourage  further 
action  with  the  enemy  forces. 

b.  Complete  the  raid  then  withdraw  immediately  from  enemy  territory 

c.  Penetrate  the  enemy  territory  slowly  by  using  extreme  caution. 

d.  Penetrate  and  hold  enemy  territory  with  a  large  force. 
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L'letl^^inlf  by  °'  ^°        ^^^ned  for.  field  fortifications 

a.     the  construction  and  strength  of  the  fortification. 

^TrJ^le.  ^i^^'^i^"^^  the  fortifications  within  the  tactical 

°*     ^hem"?iom'^°"  '''^J  ""^^  fortifications  to  the  terrain  and  conceal 

tnem  from  enemy  observation, 
d.     any  or  all  of  the  above  factors. 

thf         irltitllTnl"^  '"''"''"^  po-ltlon,,  which  one  would  ppovlde 

a.  Foxhole.  u«  4. 

b.  Shell  crater.  S^one 

a .     rrone  emplacement . 

(E30)  Which  type  of  a  barrier  would  be  best  suited  for  breakinir 

cove'r^^bf      ^  ^°--tions  and  channeling  the  en^my  into  "eas^ 
co\ered  by  most  intensive  fire? 

a.  Supplementary.  c.  Tactical. 

b.  Protective.  Belt. 

Dlannln^?^        "^^^  following  factors  should  be  considered  when 
planning  to  erect  a  perimeter  fence? 

a-  The  fence  must  have  depth. 

b.  All  forms  of  concealment  should  be  removed. 

c.  It  must  De  effectively  covered  by  defensive  fire, 
a.  All  cf  the  above  factors  should  be  considered. 

(E32)  Using  convoy  terms,  the  average  speed  of  a  motor  column 
bTref%r'S°as°t'he'"^  ^"^^"^^  ^^^''^  ^^Its  would 

a.  time  distance.  e.     march  graph. 

b.  rate  of  march.  d.     march  unit. 

determL':dT"  °'  "^'^^'^^  "^^^^^  ^  — 

a.  the  amount  and  type  of  cargo. 

b.  the  distance  to  travel. 

c.  the  Personnel  involved. 

d.  all  of  the  above  factors. 

(£3^)  Vehicles  transporting  explosives  must  be  equipped  with  warning 
signs.     Where  are  such  signs  posted  on  the  vehicles?  '"^ 

^     ^'^^'^^^  c.     Both  sides, 

b.     Rear.  ^  ^ 

a.     All  of  the  above  locations. 
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(E35)  As  it  pertains  to  close  column  formations,  ^^ich  of  the 
following  statements  is  false? 

a.  Close  column  formations  provide  for  rapid  dispersion  of  vehicles. 

b.  Column  control  is  increased  when  the  vehicles  are  closer 
together . 

c.  Communications  are  better  and  fewer  guides,  escorts,  and  markers 
are  needed. 

d.  In  a  close  column  formation,   the  full  traffic  capacity  of 
the  traffic  lame  can  be  used. 

(E36)  A  "march  graph"  is  used 

a.  for  recording  the  progress  of  a  convoy  ovr*-  a  given  route. 

b.  for  planning  movement  of  a  convoy  over  a  given  route. 

c.  to  control  the  movement  of  a  convoy  over  a  given  route. 

d.  to  accomplish  each  of  the  above  actions. 

(E38)  Which  one  of  the  following  selections  identifies  the  best 
type  of  intracolumn  communication  for  convoy  control? 

a.  Two  way  radios. 

b.  Visual  and  arm  signals. 

c.  Flags  of  different  colors  and  shapes. 

d.  Whistles  or  other  audible  sounding  devices. 

(E39)  When  convoy  columns  are  halted  there  should  be  a  minimum 
of  how  many  yards  of  clear  visibility  to  the  front  and  to  the 
rear  of  the  column? 

a.  ^00.  c.  200. 

b.  300.  d.  100. 

(E39)  During  convoy  halts,   it  is  the  responsibility  of  officers 
and  noncommissioned  officers  to 

a.  check  vehicles  and  perform  ope*"  tor  maintenance. 

b.  post  guards  and  check  vehicle  tires  for  proper  inflation, 
o.     make  necessary  inspections  to  insure  resumption  of  movement 

of  tne  column. 

d.     check  security  of  loads,  welfare  of  personnel,  and  performance 
of  operator  maintenance . 

(E40)  Which  of  the  following  chemicals  is  used  to  disinfect  water? 

a.  Calcium  chloride.  c.     Magnesium  chloride. 

b.  Calcium  hypochloride.  d.     Magnesium  hypochloride . 
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(EUO)  The  amount  of  chlcrine  adde-d  to  water  is  computed  by  the 
amount  of 

a.  dosage  plus  residual.  c.  demand  plus  residual. 

b.  demand  minu?^  residual.  d.  residual  minus  dosage. 

(EUl)  If  shower  facilities  are  provided  at  an  installation  in 

a  temperate  zones,   how  much  water  should  be  available  per  man  per 

day? 

a.     10  gallons.  c.     20  gallons, 

b      15  gallons.  d.     25  gallons - 

(EUl)  Water  requirements  of  five  gallons  per  person  per  day  is 
planned  for  a  climate  which  is 

a.  cold.  c.  semiarid. 

b.  arid.  d.  temperate. 

(042)  What  is  the  chemical  dosage  of  disinfectant  used  to 
decontaminate  water  cans? 


a.  One  ampule  to  one  gallon  of  water. 

b.  One  ampule  to  two  gallons  of  water. 

c.  Two  ampules  to  one  gallon  of  water. 

d.  Two  ounces  to  one  gallon  of  water. 

(EU2)  What  is  used  when  cleaning  Lyster  bags? 

a.  Lye  solution.  c.     Chlorine  solution. 

b.  Soap  solution.  d.     Detergent  solution. 

(E43)  To  obtain  water  from  a  stream,   the  intake  should  be  located 

a.  downstream  from  any  source  of  contamination. 

b.  upstream  from  any  source  of  contamination. 

c.  on  the  bottom  of  the  stream  bed. 

d.  just  below  the  water  surface. 

(EUU)  Sea  water  may  be  treated  to  remove  contaminateti  bv 

a.  distillation. 

b-     chemical  coagulation. 

c.  precipitation  of  the  contamination. 

d.  filtering  with  a  diatomite  filter. 

(EU5)  By  using  two  filter  pads  simultaneously,  how  much  muddy 
water  can  normally  be  filtered  with  a  knapsack  filter  unit  before 
the  filters  become  plugged? 

a.  5  gallons.  c.     "^5  gallons. 

b.  10  gallo,\s,  d.     20  gallons. 
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(EU5)  How  much  chlorine  residual  should  normally  be  present 
in  the  water  after  a  30-rainute  contact  time? 


a,  2  ppm.  c*     4  ppm, 

b.  3  ppm.  d.    5  ppm, 

(EU5)    What  is  the  initial  dosage  of  calcium  hypochlorite  that 
should  be  placed  in  a  36-gallon  Lyster  bag? 

a.  One  ampule.  Three  ampules, 

b.  Two  ampules,  d«     Four  ampules, 

(EU5)    What  color  should  be  obtained  when  testing  the  chlorine 
residual? 

^*     ^ed.  c.  Clear, 

b-    White,  d.  Yellow. 

(EU6)  How  many  iodine  tablets  should  be  used  to  disinfect  cloudy 
water  in  a  canteen  and  how  long  should  the  water  set  before  using 
it? 

a.  One  tablet  and  ten  minutes, 

b.  Two  tablets  and  ten  minutes, 

c.  Two  tablets  and  twenty  minutes. 

d.  One  tablet  and  twenty  minutes. 

(EU6)     How  long  should  you  let  the  chlorine  set  in  the  canteen 
before  using  the  water? 

a,  10  minutes.  c,     20  minutes. 

b,  15  minutes.  d,     30  minutes, 

(EU6)  How  long  should  you  keep  water  at  a  rolling  boil  to  assure 
safe  water? 

a.  20  seconds.  c,     10  seconds, 

b.  15  seconds.  d,     5  seconcs. 

(fc^7)     The  primary  purpose  of  the  mobile  water  purification  unit 
in  to  produce 

a.  safe,  ^erin-^rree  water  for  human  consumption. 

b.  clear,  clean  water  for  general  purposes. 

c.  pure  water  from  lakes  and  streams, 

d.  pure,  soft  water  for  laundry  purposes, 

(K^7)     The  600  gallon-per-hour  mobile  water  purification  unit 
in  mounted  on 

a.  a  ^-ton  truck.  c.     a  two-wheel  trailer, 

b,  rov>r-.[)y-roup  .^kids.  d.     a  four-wheel  trailer. 
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)     The  slurry  level  in  the  erdlator  tank  is  controlled  by 


a.  continually  withdrawing  slurry  from  the  top  of  the  slurry 
pool . 

b.  regulating  the  amount  of  slurry  added  to  the  filter  elements. 

c.  placing  any  excess  slurry  in  a  holding  tank. 

d.  directing  the  excess  slurry  to  waste. 

(Ei48)     When  water  in  tne  wet  well  of  the  erdlator  is  unsuited 
for  filtering,   the  operator  should 

a.  extend  the  retention  period  in  the  wet  well. 

b.  recircuxate  the  water  through  the  erdlator. 

c.  add  chemicals  to  the  wet  well. 

d.  drain  the  water  to  waste. 

(E48)     The  sludge  concentration  tank 

a.  provides  a  longer  holding  period  for  slurry  concentration. 

b.  drains  the  flocculant  concentration  from  the  system. 

c.  increases  the  upflow  to  the  erdlator. 

d.  mixes  the  clear  water  with  the  slurry. 

(E^9)     The  filter  in  the  erdlator  is  divided  into  three  sections, 
they  are  the 

a.  concentrator,  wet  well,  and  wash  ring. 

b.  influent  section,  wet  well,  and  wash  ring. 

c-     effluent  section,  conce^-trator ,  and  wet  well. 

d.     effluent  section,   influent  section,  and  wash  ring. 

(E49)     The  air  release  valve  in  the  filter  section 

a.  forces  waste  out  under  air  pressure. 

b.  releases  air  in  the  dome  of  the  filter, 
o.     prevents  aeration  of  the  slurry. 

d.     aerates  the  effluent. 

(E50)     The  chemical  feeders  are  used  to  supply 

a.  calcium  hypochlorite  and  calcium  chloride. 

b.  ferric  chloride  and  calcium  hypochlorite. 

c.  calcium  chloride  and  ferric  chloride. 

d.  calcium  sulfate  and  ferric  chloride. 

(E51)  Which  one  of  the  following  components  is  not  a  minor  component 
of  the  field  purification  unit? 

a .  The  generator . 

b.  The  distribution  pump. 

c.  The  diatomaceous  earth  filter. 

d.  The  raw  water  amd  filter  pumps. 
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(E52)  It  i5?  recommended  that 
the  mobile  water  purification 
be  in  excess  of 


the  maximum  distance  separating 
unit  and  the  raw  water  source  not 


a.  10  feet.  c.     50  feet. 

b.  25  feet.  d.     100  feet. 

(E53)    Maintenance  service  on  field  purification  units  include 

a.  daily,  weekly,  and  monthly  services. 

b.  startup,  operation,  and  shutdown  services. 
C5.     filling,  operatin^a:,  and  draining  services. 

d.  preoperation.  during  operation,  and  after  operation  services 
(E54)     Ferric  chloride  is  used  with  the  field  purification  unit 


as 


a.  an  absorber.  c.     a  filter  aid. 

b.  a  coagulant  d.     a  disinfectant. 

(E54)     Activated  carbon  is  used  in  the  field  purificati 


a.  disinfect  the  water. 

b.  coagulate  the  limestone, 
o.     filter  out  the  coagulant. 

d.     control  objectionable  odor's  and  tastes. 

(E55)  Ferric  chloride  and  calcium  hypochloride  should  never 
be  mixed  because  they 


a.  give  off  a  suffocating  chlorine  gas. 

b.  become  extremely  flammable. 

c.  are  highly  corrosive. 

d.  may  explode. 

(E56)  The  length  of  materials  that  can  be  carried  by  a  truck 
is  governed  by 


t'i .     state  laws. 

b.     the  type  of  material  carried. 

the  data  plate  capacities, 
d.     the  method  of  securing  the  load. 

(E56)  If  you  drive  through  an  area  of  heavy  traffic  with  an 
oversized  load,  you  should 


a.  have  spotters. 

b.  not  exceed  5  mph. 

c.  stop  all  traffic. 

d.  get  a  Security  Police  escort. 
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(E56)    To  engage  the  power  take  off  (PTO)  on  a  dump  truck, 


a.  accelerate  engine  in  neutral. 

b.  drive  forward        15  mph. 
c-  depress  the  clucch. 

d.  hold  the  brake. 

78.  (E57)     The  "fifth  wheel" 

a.  is  the  spare  tire. 

b.  is  the  landing  gear. 

c.  is  the  steering  wheel. 

d.  couples  the  tractor  and  trailer. 

79.  (E57)    To  be  certain  the  tractor  and  trailer  are  securely  coupled, 

a.  try  pulling  the  tractor  forward  with  the  trailer  brakes  set. 

b.  Jack  the  trailer  up  with  the  landing  gear. 

c.  drive  forward  rapidly. 

d.  drive  for-^ard  slowly. 

80.  (E57)     The  safest  way  to  stop  a  tractor-trailer  on  steep  grades 
or  slippery  surfaces  is  to  apply  the 

a.  tractor  brakes  only. 

b.  trailer  brakes  only. 

c.  trailer  brakes  first,   then  the  tractor  brakes 

d.  tractor  brakes  first,  then  the  trailer  brakes. 

81.  (E58)    What  is  the  moment,   in  inch-pounds,  if  a  75  lb.  weight 
i3  placed  20  inches  from  the  pivot  point? 

a.  150.  c.  3.75. 

b.  1500.  d.  37.5. 

82.  (E59)     The  rough  terrain  forklift  can  be  converted  for  use  as 

a.  a  dozer.  c.     a  front  end  loader. 

b.  a  scraper.  d.     any  of  the  above  equipment. 

83-     (E59)    When  transporting  a  load  with  a  rough  terrain  fork  life, 
raise  the  load 

a-     above  the  chassis  for  stability. 

b.     above  the  chassis  for  visibility. 

<^^.     just  high  enough  to  clear  the  ground. 

d.     to  a  position  level  with  axle  centers. 


EKLC 
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(E60)  When  using  the  front-end  loader,  approximately  how  far* 
should  the  bucket  be  off  the  ground  when  carrying  a  load  to  a 
dump  site? 


a . 
b. 


12  inches. 
24  inches. 


c . 


d. 


36  inches. 
48  inches. 


(E60)     To  maintain  front-end  loader  efficiency  when  handling 
sticky  material  that  has  a  tendency  to  cling  to  the  bucket, 
you  should 

a.  use  the  one-piece  buckrt  equipped  with  bolt-on  teeth. 

b.  lubricate  the  bucket  with  diesel  fuel  oil. 

c.  apply  water  to  the  bucket  to  keep  it  wet. 

d.  use  a  clamshell-type  bucket. 

(E60)     A  front-end  loader  will  maintain  its  highest  efficiency 
rate  when 

a.  working  on  flat  smooth  surfaces  with  proper  r Dace  to  maneuver 
and  with  material  that  is  of  soft  to  medium  consistency. 

b.  working  on  flat  smooth  surfaces  with  proper  space  to  maneuver. 

c.  v;orking  on  flat  surfaces  and  loading  medium  to  hard  material. 

d.  when  loading  soft  to  medium  material. 

(E6I)    Why  are  industrial  tractors  equipped  with  larger  rear 
tires  than  those  of  a  farm  tractor? 

a.  For  more  traction. 

b.  For  better  control. 

c.  Because  of  the  heavier  load  they  are  subjected  to. 

d.  To  reduce  maintenance  due  to  their  heavy  use^ 

(E6I)     One  characteristic  of  the  floating  drawbar  is  that  it 

a.  is  free  co  swing  the  width  of  the  support  bar  for  easier  steering. 

b.  is  adjustable  up  and  down  to  match  the  height  of  the  equipment 
to  be  used . 

o.     is  adjustable  up  and  down  and  swings  from  side  to  side  for 
easier  steering. 

d.     conr>i3t:^  of  a  flat  U-shaped  drawlink  for  better  load-carrying 
capabilitiei> . 

(E6l)     To  operate  the  FTO  on  a  tractor,   the  gear  shifts  must 
be  in  which  position? 

a.  Forward,  c.  Neutral. 

b.  hever*se.  d.     Any  of  the  above. 
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(E62)    Ballast  plates  are  used  inside  the  oank  of  a  water  truck 

a.  distribute  the  water  evenly. 

b.  reduce  the  water  movement  forward  and  backward, 
corner.''"  ^-^^^nt  from  side  to  side  when  turning  a 

SSrd'"  "^'"'^  and  forward  and 


END  OP  BXEHCISE 
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ATC/ECI^URVEY 

Kxr.p;:Vso'?iS?,'"""'^!?„^  the  Vdume  Review 

•     .niih2^   fVRR)       These  questions  are  a  voluntary  ATC/ECl  survey  Usin/7 

'resDonse  L''^"';  '  ^'^^  app^^p^iate  " 

response  to  each  survey  question  on  your  answer  sheet  (E CI  Form 

do^iSra'lf'o'C^r  r'^'  '°  ^°  ques^ion^that' 

?i  ?  ^  ^"""^  cooperation  in  completing  this  survey  is 

greatly  appreciated  by  ATC  and  ECI .  (auSCN  100) 

PRIVACY  ACT  STATEMENT 

A.     Authority:     5  U.S.C.  301,  Departmental  Regulations 

ATr/F?j"?'^Pp/n''''°r=  r'-''^''  preliminary  data  evaluating  the 

Ai(,/hCI  Career  Development  Course  (CDC)  Program. 

C       Routine  Uses:     Determine  the  requirement  for  comprehensive 
oval uat ions  in  support  of  CDC  program  improvement. 

D.     Whether  Disclosvjre  is  Mandatory  or  Voluntary:  Participation 
in  this  survey  is  entirely  voluntary. 

L'^hio^^^^'^iT  the  ^"dividual  of  not  Providing  Information:     No  adverse 

!n  anv  Z  \T  ^^^'"^"^  individual  who  elects  not  to  participa 

in  any  or  all  parts  of  this  survey. 

QUESTIONS: 

III'  onf/°"  ^T""  for  any  reason  during  your  enrollment, 

how  would  you  describe  the  service  provided  to  you? 

a.  Excellent.  ^.  Unsatisfactory. 

b.  Satisfactory.  Did  not  contact  ECI. 

period ^of^tim^?"''^''  materials  were  received  within  a  reasonable 

a.  .Strongly  agree.  c.  Disagree. 

b.  Agree.  d.     Strongly  disagree. 

Ill:  condition  of  the  course  materials  I  received  from  ECI 

■1.     A  complete  set  of  well-packaged  materials, 
b.     An  incomplete  set  of  well-packaged  materials. 

A  complete  set  of  poorly  packaged  material 
a.     An  incomplete  set  of  poorly  packaged  materials. 
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MAIL  TO:  ECl.  GUNTEn  AFS  AL  36118-5643 


STUDENT  REQUEST  FOR  ASSISTANCE 


PRIVACY  AC  T  SI  ATEMLNT 


.MllllORITY:  10  USf  8012.  PRINCIPAL  PURPOSE:  To  provide  itudent  aMUtancc  ai  requested  b>  individual  students.  RUl'TINI  I'SES:  This  torin 
kliippvd  with  I  CI  course  package,  and  u>«d  by  the  iludcnl,  as  needed,  lo  place  an  inquiry  with  ECl.  DISCLOSURE:  Voluntary.  The  informotlon  rcuutiti-d  , 
thU  form  is  needed  for  expeditious  handling  of  the  student's  inquiry.  FaUure  to  provide  all  Information  would  result  in  slowir  atiion  or  iiinbilicv  lo  nrovi 
assistance  lo  the  student.    ' 


CORRECTED  OR  LATEST  ENROLLMENT  DATA 


t.  THIS  NEQUCST  CONCEHNS 
C  OUM&C       I  t  6  ) 


2.  TODAY  S  DATE 


&    SOC  lAl.  SECURIT  V  NUMOt:  R  (7-t9) 


8  AODRCISS 

^>JT  i:\lit  if. I. I  hS  .t</tin'a*  uf  unit  training  nfficc 
witti  ^i/}  ctulc. 

Al.t,  if  nil: US  Curmtl  /nailing  address  with  zip  code. 


6.  GRADE/RANK 


3.  ENr<Ol.l.MENT  DATE 


4.  AUTOVON  NUMBER 


7.    NAME     (First  initial,  »<vorid  iniiial.  Ujut  nomvf 
I  tBl 


O  71 


(33-531 


*l.    NAME  or   OASE  OR  I N  ST  A  I.  I.  A  Tl  O  N  IF  NOT  SHOWN  ABOVE 


10.  TEST  CONTROU  OFfTcE  ZIP  COOE/SH  HC  U      (  J  3  1  9  ) 


REQUEST  FOR  MATERIALS.  RECORDS.  OR  SERVICE 


Hct|ticsi  natiii;  cK.nige/tcirri»ction. 
/J*r* >  I- f</ <•  Oj^      linorrcct  tig  ta  h  ere ) 

Kci|tK*st  (rr^ilc/Kaiik  change /correction. 


10 


11 


12 


15 


rhi  v  an  .\  '  throin:h  number  in  box  lo  left  of  service  requested. 


Kciiiicst  atlilrc!»!»  cliaiigf  as  indicated  in  Section  I.  Block  8. 


Rcijuc.M  Test  Control  Office  change  as  indicated  in  Section  I,  Block  1(1. 


C'iirrett  S.SAN,  (list  incarrei  i  SSAM  here.) 
fCttrreet  SSAN  shauld  be  shi>\e»i  in  Secti(tn  I.) 


l-'xteml  (.iittr.sc  conipli  tion  d^ir.  (Justi'    in  "Re-narks") 


FOR  ECl  USl'  ONLY 


Keqiii-st  enrollment  cancellation.  (Juit  jy  in  "Renurks") 


Send  VKIC  aiLswcr  sheets  for  Vol(s):  1  2  3  4  5  6  7  8  9  10 
Origin.tls  were:    |    )  Not  received   (    |  Lost  j    ]  Misused 


Senil  course  ntaterial.s.  f  Specify  in  "R  emarks") 
I    I  Nt>t  leceived   j    j  Lost         |    J  Dani^geil 


Cour>e  rxanj  not  yet  leceived.   Final  VKB  siibtuittcd  for  grading  on. 


.(date). 


G 
K 
M 
N 


Hiv.nlt.s  li.r  VKl:  Vi»l(s)  1  2  3  4  5  6  7  8  9  10  not  yet  received 
Answer  i»lieet(j»)  submitted  ,  (date), 

Results  for  <:E  :iot  yet  received.  Answer  .sheet  submitted  to  KCI  on  


_(date) 


Pievious  incjuiry  (|    j  l-:CI  Viu  17.   j    j  Itr.  j    j  nisg)  sent  to  KCI  on  (date). 


liive  iitstructiotial  assistance  as  retjuestcd  on  reverse. 


Other  (h'x plain  futty  in  "Remarks") 


Q 


VOL.    33   3  S 


G  R    36  10 


VOU    3  3  3  5 


TC  36-37 


OOE  39'49 


MC  39-42 


REM«\RKS     iC\yntinur  or»  rcMi'rn*) 


<}JT  SH'i>l':sTii  must  ttave  thei'  (JJT  Atiministratar  certify  this  record. 
.\tJ.  tlTHt'lt    Tt'tJHMTS  may  certify  thrir  own  rvuuests. 


/  certify  that  the  information  on  this  form  accurate 
and  that  this  request  cannot  be  answered  tit  this  station. 


SIGN  ATU  RE 


ECl  17 


*»REVIOUS  EDITION  WII.I.  BE  USED. 


ERIC 


^45 


BEST  COPY  AVAILABLE 


REQUEST  FOR  INSTRUCTOR  ASSISTANCE 


Nlil  T.:  <^iit*.stiiius  or  ciiiniuents  relating  to  the  accuracy  or  currency  of  subject  matter  should  be  forwarded  directly  to  |irc|taii.i^ 
agiiiiy.  I'oi  ail  nniiiciliatc  response  to  tliesc  questions,  call  or  write  the  course  author  diriLtly,  usin^  ihc  AUTOVON  nuinhir  *»! 
ailili<  s>  ill  ilu-  uri  laii-  of  iMtl»  vohinic.  All  other  iiu)uiries  miu  eruiun  the  i  nurse  should  he  lotw.uded  lo  I'CI. 

MY  QUESTION  IS: 

VRE  ITEM  QUF.STIONED: 
course:  no  


i 


VOLUME  no  . 


VRE  FORM  NO  - 


VRE  ITEM  NO  . 


ANSWER  YOU  CHOSE   

(Lvtterf 

HAS  VRE  ANSWER  SHEET  BSEN 
SUBMITTED  FOR  GRADING? 

Ill    YES  LD  NO 


REFERENCE 


(Textual  rcf*'rt'ncf  far  the  answer  I  chose 
van  b*'  found  as  ihown  below.) 


IN  VOLUME  NO  . 
ON  PAGE  NO   


IN  I  ]  LEFT  I  I  RIGHT  COLUMN 
LINES   THROUGH  


REMARKS 


A!)L.n  iONAL  FORMS  17  available  from  traiirers,  OJT  and  Education 
offices.  ak>d  ECl    Course  workbooks  have  a  Form  17  printed  on  the  last  pa^e. 
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